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    Foreword   

 Few abnormalities are so prevalent and devastating as those seen as ocular 
manifestations of systemic diseases. These lesions are associated with systemic 
disorders, which include familial, degenerative, oncological, in fl ammatory, 
vascular diseases … and beyond   . Yet, very little is known about the pathogen-
esis and treatment of many of these syndromic conditions. Given the expanding 
and developmental use of evolving ophthalmic imaging modalities, there has 
been improvement in early recognition and precise identi fi cation of focal and 
generalized ocular-systemic-related manifestations. In    particular, diseases 
related with permeability, ischemic, proliferative, in fl ammatory, and infectious 
abnormalities have become increasingly associated with certain ocular-sys-
temic relationships. 

 Fortunately, clinical research and imaging developments have made 
notable advances in identifying these ocular changes and have been incor-
porated in       Retinal and Choroidal Manifestations of Selected Systemic 
Diseases  to enhance the educational value of this superb text. The selected 
ocular-systemic relationships have also provided a better understanding of 
the primary diseases and the mechanisms for the abnormalities expressed in 
the eye. These relationships have been spirited by discoveries in molecular 
biology, genetics, biochemical and vasogenic processes, and degenerative    
pathways. In particular, new imaging technology has aided in displaying 
micro-abnormalities related to the pathogenesis of these systemic diseases, 
expanding our understanding of the speci fi c entities and the nature of the 
mechanisms responsible for the ocular manifestations. Knowledge of these 
associations in our diagnostic and therapeutic capabilities has offered physi-
cians and patients a better prognosis and, in some cases, a better form of 
management in each disease than in the past. 

 Beginning with improvement in photographic, ultrasonographic, and 
angiographic technology in the 1960s, several comprehensive textbooks and 
atlases have been written to compile these newly recognized and de fi ned rela-
tionships between ocular manifestations and systemic diseases. For sure, the 
editor, Dr. Fernando Arévalo, and the contributing authors of this text have 
provided by far the best documentation of the nature of ocular manifestations 
in systemic diseases for its readers. Indisputably   , the coauthors are all well-
known leaders in their respective  fi elds with notable original and lasting con-
tributions to one or more of the principal selected subjects covered in the text. 
Accordingly, each section discusses the most advanced concepts regarding 
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the clinical expectations and management considerations of these disorders. 
Each section also provides the latest information on the natural course, the 
limitations and potential adverse effects of treatment, and the anticipated 
bene fi ts. A review of the ophthalmic literature leading to standards of care 
based on evidence-based medicine, speci fi cally the randomized trial, is also 
incorporated into these discussions. In essence, all new information on retinal 
genetics, molecular biology, risk factors, natural course, diagnostic testing, 
and specialized imaging and, whenever possible, correlating histopathology 
has been compiled in this text in an authoritative and comprehensive format 
not found in any similar, previous publication. An attempt to assimilate 
ocular-clinical information into logical explanations on the mechanisms of 
the related pathophysiological manifestations and recommendations for 
converging lines of future clinical and experimental research for practical 
means of prevention and treatment have been addressed. 

 Rarely have students, comprehensive physicians, ophthalmologists, and 
ancillary medical personnel alike had the opportunity to read such a scholarly 
approach on this subject. There have been several publications which have 
speci fi c associations, but none has attempted to engage an elite corps of 
experts to elegantly describe and amply illustrate the gamut of ocular abnor-
malities that are the result of systemic disorders. In short   , Fernando Arévalo 
has achieved success in ful fi lling a challenging goal in this concise, salient, 
and excellent text. The principal author and editor and his expert contributors 
are to be congratulated for compiling an educational masterpiece of encyclo-
pedic medical information on ocular manifestations and associated systemic 
diseases. Essentially, this new text represents a labor of love by an elite corps 
of expert clinical and scienti fi c contributors. Their monumental efforts will 
be rewarded by the gratitude of clinicians and patients who will receive 
immense    pleasure, whether a casual or discerning reader. 

 Lawrence A. Yannuzzi, M.D.   
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   Preface   

 I was privileged to be the senior author of a course entitled “Retinal and 
Choroidal Manifestations of Selected Systemic Diseases” at the American 
Academy of Ophthalmology (AAO) Annual Meeting, New Orleans, LA, 
November 2007. My faculty included prestigious international experts in the 
 fi eld such as Rubens Belfort Jr., Carol L. Shields, Jerry A. Shields, Careen 
Lowder, Lihteh Wu, William F. Mieler, Francisco J. Rodríguez, and Alay S. 
Banker. Our course has been accepted for presentation every year since 2007 
with a rotation of the selected systemic diseases discussed each year. 

 The popularity of our course is based on the necessity to link ophthalmol-
ogy to other specialties in medicine. We as ophthalmologists need to be aware 
of recent advances in other  fi elds in medicine. However, at the same time, we 
need to demonstrate to other physicians the importance of ophthalmic consul-
tation. To be aware of the retinal and choroidal manifestations of a series of 
systemic diseases may save sight and even life itself in some cases. The best 
way to reach all of our colleagues in other specialties in medicine is through 
a book that touches both  fi elds. 

 Our AAO course has served as the trigger to start the editing of a compre-
hensive presentation of the current clinical aspects of  Retinal and Choroidal 
Manifestations of Selected Systemic Diseases . This book includes contribu-
tions from an internationally renowned group of experts from the USA, 
Brazil, Colombia, Costa Rica, Mexico, Turkey, India, Israel, and Venezuela. 
The    topics discussed in this book do not pretend to be all inclusive but include 
retinal and choroidal manifestations of AIDS, diffuse unilateral subacute 
neuroretinitis (DUSN), posterior pole manifestations of cysticercosis, toxo-
cariasis, tuberculosis, toxoplasmosis, viral diseases, fungal diseases, endog-
enous endophthalmitis, sarcoidosis, Behçet’s disease, intraocular lymphoma, 
choroidal and retinal metastasis, autoimmune retinopathy, paraneoplastic 
syndromes – MAR and CAR, retinal and choroidal manifestations of diseases 
of the gastrointestinal tract, phacomatosis, systemic lupus erythematosus, 
Vogt-Koyanagi-Harada syndrome, retinal detachment and lens subluxation in 
Marfan syndrome, diabetic retinopathy, retinal and choroidal changes in sys-
temic hypertension, posterior pole manifestations of hematologic diseases, 
carotid artery disease, renal diseases, retinal and choroidal changes in preg-
nancy, and retinal and choroidal toxicity of systemic drugs. 

 The impetus to edit this book has come from my students and my col-
leagues in all  fi elds of medicine. The book is intended for retina and vitreous 
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specialists, uveitis and ocular oncology specialists, retina and vitreous fellows, 
uveitis and ocular oncology fellows, ophthalmology residents, comprehen-
sive ophthalmologists, and physicians in general. 

 The principal objective of this text is to present the current information on 
retinal and choroidal manifestations of systemic diseases from leading experts 
in the  fi eld. We hope their knowledge and experience will assist ophthalmolo-
gists, retina specialists, uveitis and ocular oncology specialists, and physi-
cians in general approach a level of knowledge about retinal and choroidal 
manifestations of systemic diseases to bene fi t their patients in everyday clini-
cal practice.    

 Baltimore, Maryland, USA      J.   Fernando   Arévalo ,  M.D., F.A.C.S.
Riyadh, Kingdom of Saudi Arabia    
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  Abstract 

 The human immunode fi ciency virus (HIV) pandemic has continued despite 
the advent of new antiviral therapies; this is responsible for an increase in the 
number of patients with this entity and its survival. The majority of ocular 
manifestations of HIV infection involve the posterior segment of the eye. 
Prior to the introduction of highly active antiretroviral therapy (HAART), 
retinal microvasculopathy and cytomegalovirus (CMV) retinitis accounted 
for more than 80% of the ocular complications in HIV-positive patients. To 
date, HIV disease and CMV retinitis have become chronic diseases. Many 
challenges remain to be addressed. HAART has indeed decreased the inci-
dence of some ophthalmic problems, such as CMV retinitis, and it has 
brought with it new challenges, such as immune recovery uveitis (IRU). 
Ocular disorders associated with HIV disease remain important problems 
in the world, despite HAART, and increasingly are more signi fi cant and 
frequent. The approach to diagnosis and management of different patho-
logical presentations at the posterior pole is very important.  
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   Introduction 

 The human immunode fi ciency virus/acquired 
immunode fi ciency syndrome (HIV/AIDS) pan-
demic has continued now for more than 25 years 
 [  1,   2  ] . This pandemic and the advent of new anti-
retrovirals are responsible for an increase in the 
number of patients with this entity and its sur-
vival. It was estimated in 2007 that 33.2 million 
people were infected with HIV worldwide, 
accounting for 0.8% of the world’s population. 
This included roughly 7,000 new infections each 
day, totaling approximately 2.5 million new 
infections for the entire year—a  fi gure that was 
slightly higher than the 2.1 million estimated 
AIDS-related deaths during the same period  [  3  ] . 
HIV is the fourth largest killer in the world after 
respiratory infections, diarrheal disorders, and 
tuberculosis, and the leading cause of death in 
Africa  [  4  ] . While cases of HIV/AIDS have been 
reported from virtually every part of the world, 
over 90% of people with HIV/AIDS live in devel-
oping countries  [  5  ] . 

 Due to global efforts, the epidemic appears to 
be stabilizing  [  3,   5  ] . The incidence of new infec-
tions is believed to have peaked in the late 1990s 
and then declined between 2001 and 2007  [  3  ] . 
While the global prevalence of HIV/AIDS rose 
from 29.5 million in 2001 to 33 million in 2007, 
the prevalence rate stayed level at 0.8%  [  3  ] . This 
is attributable to increased preventive education 
and dramatically increased availability of anti-
retroviral medications throughout the world, 
including a 20-fold increase in sub-Saharan 
Africa since 2003. 

 Despite these encouraging trends, the pan-
demic persists in several areas, including the 

ongoing epidemics in sub-Saharan Africa, the 
Caribbean, and Southeast Asia  [  6  ] . Sub-Saharan 
Africa, with 22 million people infected, accounts 
for roughly two-thirds of all HIV infections and 
90% of all infected children. In South Africa, an 
astonishing one in  fi ve people are infected, and 
AIDS remains the leading cause of death in this 
region. A global epidemic also continues among 
high-risk populations, including intravenous (IV) 
drug abusers, prostitutes, and men who have sex 
with men  [  7  ] . 

 Moreover, the chances of this group of patients 
to develop one of its (HIV/AIDS)  ocular 
 manifestations also increase. Ocular disease 
occurs in 50–75% of HIV-infected patients 
 [  8–  14  ] . In Western countries, the most common 
 manifestation is HIV microvasculopathy, fol-
lowed by cytomegalovirus (CMV) retinitis, ocular 
toxoplasmosis, non-CMV herpetic retinitis, 
neuro- ophthalmic complications, herpes zoster 
ophthalmicus (HZO), and ocular neoplasia  [  9,   10, 
  15  ] . This spectrum appears to be different in 
developing countries  [  16–  18  ]  where poorer access 
to highly active antiretroviral therapy (HAART) 
and medications for opportunistic infections 
translates into higher mortality rates and fewer 
patients surviving with profound immunosup-
pression. Ocular complications have been reported 
in 29–60% of patients in the developing world  [  8, 
  19,   20  ] . In sub-Saharan Africa, CMV retinitis is 
less common than in the United States or Europe, 
while anterior segment and external manifesta-
tions such as HZO and conjunctival squamous 
cell carcinoma (SCC) appear to be more common 
 [  12,   21–  24  ] . 

 Similarly, the chances that some of these 
patients are presented to the consultation of a 
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general ophthalmologist or any subspecialist 
increase considerably every day, and we must 
therefore be prepared to recognize these ocular 
manifestations and management. Infection with 
HIV leads to a derangement of cell-mediated 
immunity, which in turn predisposes to a series of 
events that affect the retina and choroid. These 
manifestations can be divided into two broad cat-
egories: those associated with noninfectious eti-
ologies and a much larger group of secondary 
infections with varied clinical presentations. With 
the advent of effective treatments for these infec-
tions that threaten the vision of these patients, an 
accurate differentiation of these entities may 
allow the clinician to initiate appropriate treat-
ment in many cases with improved quality of life 
and survival. The matter is highly complicated, 
however, because many HIV-infected people, 
even if they know of their HIV status, may be 
incompletely treated. Thus, knowledge of the 
actual immune status, best but not perfectly repre-
sented by the CD4 T-cell count, is very important 
for the ophthalmologist.  

   Posterior Segment Manifestations 
of HIV/AIDS 

 The majority of ocular manifestations of HIV 
infection involve the posterior segment of the 
eye. Prior to the introduction of HAART, retinal 
microvasculopathy and CMV retinitis accounted 
for more than 80% of the ocular complications in 
HIV-positive patients. CMV retinitis, in particu-
lar, is by far the single most signi fi cant cause of 
loss of vision in this population, affecting up to 
40% of patients  [  25–  27  ]  prior to the widespread 
use of HAART. Since that time, the prevalence of 
CMV retinitis has fallen dramatically  [  15  ] . 

   Noninfectious Retinal Manifestations 

 The clinical spectrum of HIV retinopathy includes 
infarct of the nerve  fi ber layer (often called 
 cotton-wool spots), retinal hemorrhages, telangi-
ectasia, lack of capillary perfusion, and vascular 
occlusion. This microangiopathy is clinically 
apparent in 70% of patients with AIDS but is 

less frequent as the degree of immunosuppression 
decreases  [  28  ] . 

 Hypotheses regarding the pathogenesis of ret-
inal microvasculopathy parallel those suggested 
for conjunctival vascular changes  [  29,   30  ]  and 
include HIV-induced increase in plasma viscos-
ity, HIV-related immune complex deposition 
 [  31  ] , direct infection of the conjunctival vascular 
endothelium by HIV, and increased rigidity of 
circulating neutrophils  [  29,   32–  35  ] . HIV-
associated retinal microvasculopathy is typically 
asymptomatic but may play a role in the progres-
sive optic nerve atrophy  [  36,   37  ] , electroretino-
graphic abnormalities,  [  38  ]  loss of color vision, 
contrast sensitivity, and visual  fi eld observed in 
HIV-infected patients  [  30,   39  ] . The role of retinal 
microvasculopathy in the development of CMV 
retinitis is controversial, with some investigators 
 fi nding no relationship  [  40  ]  and others suggest-
ing that retinal vascular damage may provide 
increased access to circulating CMV-infected 
lymphocytes. 

 Cotton-wool spots    are the most common 
 fi nding and earlier of the noninfectious retinopa-
thy HIV and occur in approximately 50–60% 
of cases in clinical series  [  32,   40  ] . The whitish 
color by ophthalmoscopy represents areas of 
focal thickening of the nerve  fi ber layer caused 
by infarction of the adjacent capillaries. 
Histologically, these lesions are known as cytoid 
bodies and are composed by cytoplasmic accu-
mulation of debris due to obstruction of axoplas-
mic  fl ow in the ganglion cells. Cotton-wool spots 
typically cluster around the optic disk and are 
only rarely seen over 30° of the papilla. Its clini-
cal appearance is that of white opacities with 
margins as a feather, located in the nerve  fi ber 
layer of the retina, and its size is usually larger 
than one-third of disk diameter (Fig.  1.1 ). They 
are by nature evanescent, disappearing within a 
few weeks and being replaced by new ones in dif-
ferent locations of the retina. Cotton-wool spots 
may be confused with lesions of very early CMV 
retinitis but are distinguished by their smaller 
size, super fi cial location, and lack of progression. 
Recent studies of these cotton-wool spots using 
optical coherence tomography (OCT) have shown 
that after resolution, there is permanent damage 
to that area of the retina, particularly destruction 
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of the inner retina. The accumulation of such 
areas of damage may play a role in the docu-
mented visual dysfunction seen in HIV patients, 
particularly those with a history of immunocom-
promise  [  41  ] .  

 Hemorrhages associated with HIV infection 
are less common than cotton-wool spots but 
occur in approximately 20% of patients with 
AIDS. These hemorrhages may be present in 
the nerve  fi ber layer (hemorrhages in  fl ames) 
and in deeper layers of the retina (spot or pin-
point hemorrhages) (Fig.  1.2 ). White center 
hemorrhages (Roth’s spots) have also been 
described.  

 In AIDS patients, telangiectatic retinal vessels 
are observed frequently and commonly are asso-
ciated with microaneurysms  [  32,   40  ] . In associa-
tion with these vascular anomalies, it is usual to 
 fi nd the demonstration of nonperfusion areas in 
the  fl uorescein angiogram. Less common vascu-
lar  fi ndings in these patients include arterial and 
venous occlusions (Fig.  1.3 ), perivasculitis, and 
retinal neovascularization. Importantly, these 
 fi ndings (microangiopathy related to AIDS) are 
nonspeci fi c, but their presence in a young patient 
should immediately arouse suspicion of HIV 
seropositivity.  

 The majority of studies in the post-HAART 
era report a substantial decline in HIV-related 
retinal microvasculopathy, likely a result of fewer 
patients with sustained, profound immune 
suppression.  

  Fig. 1.1    Cotton-wool spots at the posterior pole of a patient with AIDS. Note the peripapillary location. ( a ) Right eye. 
( b ) Left eye       

  Fig. 1.2    Pinpoint and  fl ame hemorrhages on the periph-
ery of an AIDS patient       

  Fig. 1.3    Superotemporal branch retinal artery occlusion 
simulating a cytomegalovirus retinitis. Note the presence 
of  fl ame hemorrhages       
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   Infectious Manifestations 
of the Posterior Segment 

   Cytomegalovirus Retinitis 
 In most developed countries, CMV seropreva-
lence steadily increases after infancy, and 10–20% 
of children are infected before puberty. In adults, 
the prevalence of antibodies ranges from 40% to 
100%. Although CMV has a worldwide distribu-
tion, infection with CMV is more common in the 
developing countries and in areas of low socio-
economic conditions, which is predominantly 
related to the closeness of contacts within these 
populations. 

 Despite a marked decline in incidence since 
the advent of HAART, CMV retinitis continues 
to be the most common AIDS-related opportu-
nistic infection and remains an important cause 
of visual morbidity. CMV retinitis frequently 
occurs in AIDS patients with a CD4+ count <50 
cells/uL and is the most common ocular opportu-
nistic infection associated with AIDS. Prior to 
HAART, CMV retinitis affected 30–40% of HIV-
infected patients  [  10,   25,   27,   31,   42  ] , whereas 
most studies in the era of HAART have shown a 
decline in the incidence of CMV retinitis by 
about 75%  [  43  ] , as well as a 50% reduced risk of 
retinitis progression, even in patients with 
 persistent immune suppression  [  44,   45  ] . The use 
of HAART changed the natural history of 
HIV-associated CMV retinitis in two important 
ways. First, since fewer patients have CD4+ 
T-lymphocyte counts below 100 cells/       m       L, fewer 
patients are at risk for the development of CMV 
retinitis  [  16  ] . Second, patients receiving such 
therapy who have early or partial reconstitution 
of CD4+ cell populations may have otherwise 
uncommon features of CMV infection, including 
moderate-to-severe anterior chamber or vitreous 
in fl ammation and spontaneous healing in the 
absence of speci fi c anticytomegalovirus therapy. 
Unfortunately, approximately 90% of the world’s 
AIDS population has no access to HAART and 
therefore continues to present the classic ocular 
presentation  [  1  ] . 

 Affected patients typically report gradual 
visual  fi eld loss or the onset of  fl oaters. The three 
main clinical forms of CMV retinitis are a 

hemorrhagic retinitis with prominent edema, a 
granular type with satellite lesions, and a less 
common perivascular retinitis. The most impor-
tant clinical features of CMV retinitis include a 
white granular border, intraretinal hemorrhages, 
slow progression of lesions, peripheral location 
(where they take on a more granular aspect) or 
along the retinal vascular arcades, and the lack of 
a prominent intraocular in fl ammatory reaction 
(Fig.  1.4 ). This last feature is observed in most 
cases; therefore, the presence of severe vitreous 
in fl ammation should lead us to consider a differ-
ent diagnosis.  

 CMV retinitis is asymptomatic in up to 15% 
of patients, and all HIV/AIDS patients with a 
CD4+ cell count under 50 cells/       m       (mu)L should 
have a dilated ophthalmoscopic examination 
every 3 months  [  46  ] . The location and extent of 
CMV retinitis should be determined by indirect 
ophthalmoscopy, revision of stereo color photo-
graphs, and retinal drawings. The Study of Ocular 
Complications of AIDS (SOCA)  [  47  ]  has adopted 
the following division of the retina into zones: 
zone 1 is the area of the retina surrounding the 
optic disk by 1,500        m        and the center of the fovea 
by 3,000        m       ; zone 2 extends anteriorly from the 
edge of the zone 1 to a circle identi fi ed by the 
vortex veins; and zone 3 extends above the edge 
of zone 2 to the ora serrata. The total area of 
retinitis is determined by calculating the area 
(percentage) of the retina affected by CMV 
(retinitis healed and active), while the area of the 
retina with active CMV retinitis is denoted as the 

  Fig. 1.4    Cytomegalovirus retinitis along the vascular 
arcades       
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length of active edge (white) measured in disk 
diameters (DD). 

 Rhegmatogenous retinal detachment (RD) is a 
frequent complication in patients with CMV 
retinitis. Prior to HAART, the incidence of RD in 
patients with CMV retinitis ranged from 18% to 
29%. Jabs and colleagues have reported that there 
is a cumulative risk of RD up to 50% a year of 
diagnosis of CMV retinitis  [  48  ] . The incidence of 
bilaterality of RD is also high in this group of 
patients, and reports in the literature vary from 
17% to 67%  [  48–  53  ] . Risk factors for RD to this 
group of patients include extension of retinitis 
and activity  [  52  ] . In the era of HAART, the 
 incidence of retinal detachment as a complication 
of CMV retinitis has declined by more than 
60%  [  54  ] . 

 Retinal detachments associated with CMV 
retinitis have characteristics of a rhegmatoge-
nous RD (caused by ruptures of the retina) but 
are atypical in several ways. These RDs are 
often associated with multiple breaks or holes, 
most of which are very dif fi cult to visualize in 
large areas of gliotic retina (often already 
healed). Breaks are usually located at the junc-
tion between the normal and atrophic retina or 
in areas of atrophic retina. Since most of these 
patients are young, the vitreous is well formed, 
and it may not be fully detached at the time of 
surgery. This  fi nding explains the relatively  fl at 
appearance (nonbullous) for most of these RD 
(Fig.  1.5 ) in contrast to the bullous appearance 
of RD in patients with complete posterior vitre-
ous detachment (PVD) or RD in eyes with 
greater vitreous pathology (Fig.  1.6 )  [  53  ] . 
Vitreoretinal proliferation (PVR) is a rare com-
plication associated with CMV retinitis and is at 
least seen in 20% of cases.   

 Several reports have shown good results 
repairing these detachments with primary vitrec-
tomy, endolaser of retinal breaks, and inferior 
peripheral retina associated with the use of 5,000-
cs silicone oil (Fig.  1.7 )  [  48–  53  ] . This method 
has the advantage of providing a faster visual 
recovery than if we use gas (C3F8 or SF6) and 
have a permanent tamponade of multiple retinal 
holes in the atrophic retina. This is of particular 
bene fi t to patients in whom retinitis progresses 

  Fig. 1.5    Retinal detachment is  fl at in a patient with cyto-
megalovirus retinitis without a posterior vitreous 
detachment       

  Fig. 1.6    Bullous retinal detachment in a patient with 
cytomegalovirus retinitis with a posterior vitreous 
detachment       

  Fig. 1.7    Appearance of the retina after retinal detach-
ment repair with primary vitrectomy, endolaser, and injec-
tion of silicone oil of 5,000 centistokes (cs)       
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and has a potential risk of forming new holes in 
other areas of retinal necrosis.  

 Treatment of CMV retinitis is complicated 
and needs to be individualized for each patient. 
Current US Food and Drug Administration 
(FDA)-approved treatments for active retinitis 
include intravenous ganciclovir, foscarnet, or 
cidofovir, and oral valganciclovir. The standard 
treatment for CMV retinitis is oral valganciclovir 
induction followed by maintenance. Intravenous 
ganciclovir is generally reserved for those with 
malabsorption syndromes. Probably second-line 
treatment is cidofovir, and last is foscarnet. The 
implant can be used in cases of resistance; if it is 
used for primary therapy, oral valganciclovir 
maintenance is important to prevent systemic 
disease. Ganciclovir is administered intrave-
nously at doses of 5 mg/kg every 12 h for 

2–4 weeks (induction dose) and then 5 mg/kg/
day  (maintenance dose). Foscarnet is adminis-
tered intravenously at a dose of 180 mg/kg/day 
for 2–4 weeks (induction dose) and then decreases 
to a dose of 120 mg/kg/day (maintenance dose). 
Valganciclovir is given at 900 mg PO twice daily 
for 2–4 weeks (until retinitis is healing), then 
900 mg PO daily (Fig.  1.8 ). Cidofovir is admin-
istered intravenously once a week for 2 weeks at 
a dose of 5 mg/kg (induction dose) and then once 
every 2 weeks at the same dose (maintenance). 
Cidofovir compares favorably to ganciclovir and 
foscarnet as to its effectiveness against CMV 
(cidofovir is ten times more powerful). Patients 
with high-level ganciclovir toxicity may be resis-
tant to cidofovir.  

 The signi fi cant problems of intravenous therapy 
are the development of resistance to ganciclovir 

  Fig. 1.8    Orally administered valganciclovir appears to be 
as effective as intravenous ganciclovir for induction treat-
ment and is convenient and effective for the long-term 
management of cytomegalovirus (CMV) retinitis in 
patients with AIDS. ( a  and  b ) CMV retinitis before 
 valganciclovir. ( c  and  d ) After 3 weeks on valganciclovir 

900 mg twice a day (Reprinted with permission from 
Arevalo JF, ed. Manifestaciones Oculares del SIDA en el 
Nuevo Milenio: Texto y Atlas [Ocular manifestations of 
AIDS in the New Milenium: Text and Atlas]. Panama 
City, Panama: Highlights of Ophthalmology 2004  [  55  ]        
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and foscarnet, systemic toxicity of the antivirals, 
the risk of sepsis (by prolonged use of a central 
catheter), and the great inconvenience of daily 
intravenous infusions  [  56–  58  ] . The signi fi cant 
problems of intravenous therapy have led to local 
and oral therapy. Currently, local therapy has two 
clear lines: (1) intravitreal (IVT) implant of ganci-
clovir (Fig.  1.9 )  [  56  ]  (that is inserted through the 
pars plana after a limited vitrectomy and has a 
duration of approximately 8 months) and (2) IVT 
injections of ganciclovir at doses of 400–2,000        m       g 
two times a week for 3 weeks and then once 
weekly, IVT injections of ganciclovir at a dose of 
5,000        m       g once weekly, IVT injections of foscarnet 
at a dose of 2,400        m       g two times a week for 3 weeks 
and then once weekly, and  fi nally IVT injections 
of cidofovir administered at a dose of 15–20 mg 
every 6 weeks  [  57,   59  ] .  

 Choice of an appropriate antiviral and route of 
delivery needs to be individualized, based on 
consideration of the location and extent of ocular 
and systemic disease, understanding of potential 
drug-related side effects, and knowledge of viral 
response to past treatments. Today, the trend and 
standard treatment is to combine systemic treat-
ment, intravenous (ganciclovir or foscarnet) or 
oral with valganciclovir (900 mg BID as induc-
tion and 900 mg/day as maintenance), with local 
treatment (intravitreal injections versus implant 
of ganciclovir [Vitrasert, Bausch & Lomb, 
Madison, NJ, USA]). 

 Maintenance therapy should be continued for 
as long as active retinitis is present and/or CD4+ 
cell counts remain below 150 cells/       m       L. Only after 
3–6 months of inactive disease with CD4+ cell 
counts above 150 cells/       m       L and reduced HIV in 
the blood should consideration be given to dis-
continuing maintenance therapy  [  60,   61  ] . 

 The improvement in immune function in 
AIDS patients receiving HAART may alter the 
way the eye responds to CMV. Karavellas and 
colleagues reported  fi ve patients treated with pro-
tease inhibitors that had elevated levels of CD4 + 
T cells and inactivated retinitis by CMV  [  62  ] . All 
showed moderate vitritis and papillitis, some 
with cystoid macular edema (CME). They attrib-
uted these complications to the in fl ammation 
induced by increased immunocompetence of 
these patients. They called this new syndrome 
“immune recovery vitritis.” Several studies have 
been published since then, and the term immune 
recovery uveitis (IRU) has been used extensively 
to describe various in fl ammatory ocular manifes-
tations in AIDS patients with inactive CMV 
retinitis. IRU is a chronic intraocular in fl ammatory 
disorder that manifests symptomatically with 
painless decrease of vision and  fl oaters. The clin-
ical spectrum of IRU includes vitritis, papillitis, 
cystoid macular edema (CME) (Fig.  1.10 ), 

  Fig. 1.9    The ganciclovir intraocular implant confers lon-
ger retinitis inactivity         Fig. 1.10    Papillitis and cystoid macular edema associ-

ated to immune recovery uveitis (Reprinted with permis-
sion from Arevalo JF, Mendoza AJ, Ferretti Y. Immune 
recovery uveitis in AIDS patients with cytomegalovirus 
retinitis treated with highly active antiretroviral therapy in 
Venezuela. Retina 2003;23:495–502)       
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epiretinal membrane (ERM), vitreous hemor-
rhage, retinal neovascularization, vitreomacular 
traction syndrome (VMTS), and PVR. Both the 
extent of past CMV retinitis and prior use of 
cidofovir appear to be risk factors for the devel-
opment of IRU  [  63  ] . IRU should be treated with 
topical, periocular, and/or intraocular corticoster-
oids, as indicated  [  64  ] .  

 Recently, there has been a report of a new 
clinical entity, CMV retinitis occurring in HIV-
positive or HIV-negative patients after intravitreal 
triamcinolone injection. This likely occurs 
because of the immunosuppressed ocular envi-
ronment after such injections. One must be aware 
that viral retinitis, though rare, may also occur 
after intravitreal triamcinolone  [  65  ] . 

 To minimize the opportunity for IRU in 
patients not on HAART at the time of diagnosis, 
HAART should be started following the induc-
tion phase of anti-CMV treatment, and the CMV 
retinitis should be treated aggressively through 
the period of immune recovery  [  66  ] .  

   Necrotizing Herpetic Retinitis 
(by Varicella Zoster) 
 Clinically, varicella zoster virus (VZV) may 
cause different diseases. Other than the classic 
picture of herpes zoster ophthalmicus, it has two 
other clinical forms: acute retinal necrosis (ARN) 
syndrome, a necrotizing retinitis that responds 
well to antiherpetic medication and can occur at 
any CD4+ T-lymphocyte counts, and progressive 
outer retinal necrosis syndrome which is associ-
ated with low CD4+ T-lymphocyte counts     [  1  ] . 

 Retinitis caused by VZV in patients with 
AIDS is a clinical entity characterized initially by 
a multifocal outer retinitis that typically affects 
the posterior pole followed by a progressive outer 
retinal necrosis (PORN) with or without vitritis 
or with limited vasculitis (Fig.  1.11 )  [  65–  69  ] . 
Retinal whitening is occasionally accompanied 
by retinal hemorrhages. The visual prognosis is 
extremely poor; most of the cases reported so far 
have a  fi nal visual acuity of hand motions or 
worse. Although the reported incidence is only 

  Fig. 1.11    Progressive outer retinal necrosis with retinal 
vein occlusion of inferotemporal branch in a patient with 
AIDS. ( a  and  b ) Right eye (RE) and left (LE), with a typical 

onset in the posterior pole in the RE and atypical uninvolve-
ment of the posterior pole in the LE. ( c  and  d ) The evolution 
with involvement of the entire retina and vein occlusion       
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4% of all retinal infections associated with AIDS, 
VZV retinitis is the second (in frequency) retinal 
infection in this patient group. The prevalence of 
PORN has dropped by nearly 90% in recent stud-
ies  [  15  ] . A concurrent or recent herpes zoster der-
matitis provides added circumstantial support for 
the diagnosis  [  66–  72  ] , and 4–17% of HIV/AIDS 
patients with herpes zoster ophthalmicus go on to 
develop necrotizing herpetic retinopathy  [  73,   74  ] . 
The visual effects in the infected eyes are the 
most severe of all eye infections associated with 
HIV. In addition, contralateral eye involvement 
(initially not involved) even under antiviral ther-
apy is over 70%, and the retinal detachments are 
common (>75% of cases)  [  65–  71  ] . The risk of 
RD is greater than that observed with CMV retin-
itis. Herpes simplex virus is a rare cause of retini-
tis in HIV-infected patients  [  75,   76  ] . Like VZV 
retinitis, onset of symptoms and disease progres-
sion are rapid. Clinical appearance may mimic 
VZV retinitis.  

 VZV retinitis in AIDS patients currently con-
sists of the following characteristics: (1) frequent 
previous episodes of cutaneous zoster in the 
18 months preceding retinitis, (2) an account of 
CD4 + lymphocyte less than 50 cells/       m       L, (3) 
multifocal outer retinitis with initial predilection 
for the posterior pole, (4) relative absence of 
intraocular in fl ammation, (5) poor visual progno-
sis despite aggressive and prolonged intravenous 
therapy, and (6) increased risk of VZV encepha-
litis. These features distinguish it from acute reti-
nal necrosis syndrome that typically occurs in 
immunocompetent patients but may also occur in 
HIV-positive patients with relatively higher 
CD4+ cell counts  [  71  ] . This may explain the fea-
tures that differentiate ARN from PORN, includ-
ing more prominent vitritis, more apparent 
involvement of the inner retina, retinal vasculitis, 
and involvement of the anterior segment. 

 In patients with severe immune compromise, 
VZV retinitis occurs with less iridocyclitis, vitri-
tis, and vasculitis than typically seen in ARN. 
Furthermore, there is a trend of initial lesions to 
appear at the posterior pole rather than at the 
periphery and to be multifocal rather than 
con fl uent. The progression is fulminant with 
 dramatic changes taking place in a week even 

under therapy. Another interesting feature is that 
perivascular involvement occurs early and then 
progresses into the area between the vessels. This 
pattern leaves a perivascular area of retinal atro-
phy that appears to be relatively respected or 
unaffected, when in reality it is a completely atro-
phic area. It is not uncommon the progression to 
total retinal atrophy and retinal detachment in a 
few weeks despite antiviral treatment. 

 There are HIV-positive cases (with a lower 
degree of immunosuppression) with clinical 
characteristics identical to those of ARN in 
immunocompetent patients  [  71  ] . Is likely to be of 
the same illness (necrotizing herpetic retinitis) 
and with a progressive immunosuppression, 
depending on the degree of this, the clinical fea-
tures of infection may change from ARN to 
PORN with fulminant course and extremely poor 
visual prognosis in most cases. 

 Treatment involves the use of intravenous, oral, 
and intravitreal antivirals. PORN has been sug-
gested to be less responsive than ARN to therapy 
with intravenous (IV) acyclovir, or intravitreal 
ganciclovir or foscarnet  [  66,   77  ] . Despite the avail-
ability of at least three effective antivirals (acyclo-
vir, ganciclovir, and foscarnet) with high activity 
in vitro against herpes virus family, the results are 
still unsatisfactory, and proper management of 
these patients is still unclear. Because most patients 
have been in contact with acyclovir in a chronic 
form (for the treatment of skin lesions), many have 
drug resistance. Therefore, a combined therapy of 
intravenous ganciclovir and foscarnet should be 
instituted immediately, and this should be contin-
ued inde fi nitely. In addition, one must consider the 
possibility of injecting foscarnet (2,400        m       g) or 
high-dose ganciclovir (5,000        m       g) into the vitreous 
cavity immediately to minimize the time that anti-
viral therapy will take to reach the affected tissue 
in an attempt to improve the prognosis of this dev-
astating eye infection.  

   Toxoplasmic Retinochoroiditis 
 While ocular toxoplasmosis affects less than 1% 
of HIV-infected patients in the United States 
 [  78–  84  ] , there are areas with a higher seropreva-
lence of  Toxoplasma gondii . The prevalence of 
toxoplasmosis varies according to dietary habits 



111 Retinal and Choroidal Manifestations of HIV/AIDS

and, therefore, from country to country. In Latin 
America, the rate is as high as 65% in some pop-
ulations. As an example, in a native Yucpa com-
munity in Venezuela, the overall prevalence of 
infection was 63%. Fifty-nine subjects had total 
antibodies and 14 had IgM antibodies  [  85  ] . In 
addition, ocular toxoplasmosis affects up to 8.5% 
of patients with AIDS in Brazil  [  1  ] . 

 Unlike ocular toxoplasmosis in immunocom-
petent individuals, the retinal lesions in toxoplas-
mic retinitis in patients with AIDS include 
multifocal or diffuse yellow-white areas of necro-
tizing retinitis with edematous aspect, blurred 
edges, and a relative lack of retinal hemorrhage 
(Fig.  1.12 ). The lesions are more edematous in 
appearance than those associated with CMV. 
Occasionally, vascular sheathing (usually periar-
terial) may be seen in these cases  [  78,   81  ] . Also, 
there may be a moderate-to-severe anterior cham-
ber and vitreous in fl ammation (but in a much 
lesser degree than that observed in immunocom-
petent individuals) in one or both eyes which can 
cause visual impairment if left untreated   . In con-
trast to infection in immunocompetent patients, 
the disease does not appear to originate from pre-
vious scars and probably results from a recently 
acquired infection or the spread of organisms 
from extraocular foci of disease.  

 Between 30% and 50% of patients with ocu-
lar toxoplasmosis will have involvement of the 
central nervous system, and all patients with 
HIV/AIDS thought to have toxoplasmic retin-
ochoroiditis should undergo magnetic resonance 
imaging (MRI) scanning of the brain  [  80,   81  ] . 
The infection can be generalized, involving the 

brain, eyes, lungs, heart, gastrointestinal tract, 
lymph nodes, liver, spleen, and bone marrow. 
Cerebral toxoplasmosis is the most common 
cerebral infection in AIDS and requires urgent 
treatment because it can be rapidly fatal  [  71  ] . 

 Testing should include serological assays for 
IgG and IgM antibodies against toxoplasmosis, 
although the results may be negative in pro-
foundly immunosuppressed patients  [  16  ] . The 
analysis of polymerase chain reaction (PCR) 
from samples of aqueous and vitreous humor has 
been reported, and this test is becoming more 
widespread and available. 

 Treatment consists of sulfadiazine (2 g initial 
dose and then 1 g orally every 6 h) and 
pyrimethamine (two doses of 50 mg every 12 h and 
then 25 mg orally every 12 h) or clindamycin 
(300 mg by mouth every 6 h for 4 to 6 weeks), 
either alone or in combination. Trimethoprim/
sulfamethoxazole (800/160) is given as one tablet 
by mouth twice daily. Atovaquone has been used 
successfully  [  1,   81  ]  but is expensive and has yet to 
be shown superior to standard therapy  [  1  ] . 
Atovaquone is given as 750 mg by mouth four 
times daily for 3 months. Steroids are uncommonly 
used in HIV-positive patients with ocular toxoplas-
mosis unless there is a very severe vitreous reaction. 
Chronic or repeated therapy is often necessary, 
because reactivation and progression of retinochor-
oiditis occur frequently, particularly in patients with 
persistent severe immune de fi ciency. Silveira et al. 
have reported some evidence that long-term inter-
mittent treatment with trimethoprim/sulfamethox-
azole can reduce the rate of recurrent toxoplasmosis 
retinochoroiditis  [  86  ] .  

  Fig. 1.12    Peripheral retinal lesion of acquired toxoplasmosis in an AIDS patient. ( a ) Before treatment. ( b ) Following 
standard treatment. Note the little hyperplasia of the retinal pigment epithelium in immunocompromised patients       
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   Syphilitic Uveitis, Papillitis, and Retinitis 
 Ocular syphilis is the most common intraocular 
bacterial infection in HIV-positive patients, his-
torically affecting up to 2% of patients. The prev-
alence may be on the rise, with current estimates 
on the order of 6–9%  [  87  ] , presumably due to 
resurgence in syphilis infections. The ocular 
manifestations of syphilis in patients with HIV 
are varied (syphilis is the “great imitator”) and 
include chorioretinitis, iridocyclitis, papillitis, 
vitritis (Fig.  1.13 ), intraretinal hemorrhages, and 
perivasculitis  [  88  ] . Intraocular in fl ammation may 
result in epiretinal membrane formation and trac-
tional retinal detachment. The clinical appear-
ance can vary; however, over 80% of HIV-positive 
patients with ocular syphilis have clinical or sero-
logical evidence of infection of the central ner-
vous system (CNS) by  Treponema pallidum . 
Therefore, we recommend conducting serologi-
cal testing for con fi rmation of clinical diagnosis 
(FTA-ABS, VDRL, RPR); the tests are useful in 

most cases (but may be negative in some cases of 
HIV-positive patients with evidence of secondary 
or tertiary syphilis).  

 The high correlation between neurosyphilis 
and ocular manifestations supports the current 
recommendation to perform a lumbar puncture 
and analysis of cerebrospinal  fl uid (CSF) in all 
HIV-positive patients with ocular syphilis. The 
treatment of ocular syphilis in this population 
should be the same as that used in cases of neuro-
syphilis: high doses of aqueous penicillin G at 
doses of 12–24 million units daily intravenously 
for 10–14 days. Most recommend IV therapy, but 
a second-line therapy includes 2.4 million units 
of intramuscular procaine penicillin daily plus 
500 mg of oral probenecid four times daily for 
10–14 days  [  89  ] . Recurrences may occur even 
after adequate treatment, and it is important to 
monitor serum and CSF reagin titers monthly for 
3 months following the cessation of treatment, 
and every 6 months thereafter until the CSF-
VDRL becomes nonreactive and the CSF white 
cell count normalizes.  

   Candida Vitritis and Retinitis 
 Immunosuppression is a risk factor for the devel-
opment of systemic candidemia with endogenous 
ocular affection, especially in patients who have 
been or remain with a central line catheter for a 
long time. AIDS patients fall naturally within this 
category, and  Candida  ocular involvement occurs 
frequently in HIV-positive patients. 

  Candida  typical lesions have the appearance of 
white spots, not well-de fi ned edges, often bilateral 
and located on the inner surface of the retina with 
frequent extension into the vitreous (Fig.  1.14 ). 
The vitreous usually shows in fl ammatory activity 
(vitreous abscesses have been reported in immuno-
competent patients). If left untreated, these focuses 
of Candida will increase in size, resulting in exten-
sive involvement with diffuse vitritis and potential 
severe vision loss (endogenous endophthalmitis).  

 Amphotericin B remains the drug of choice. 
This drug can be administered intravenously but 
has potentially severe side effects; therefore, each 
case must be individualized. The resolution of 
retinitis has been reported with a single intravit-
real injection of amphotericin B (dose of 

  Fig. 1.13    ( a ) Luetic vitritis in a patient with AIDS. 
( b ) Neurosyphilitic retinitis in a patient with AIDS       
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5–10        m       g). Other agents, such as  fl uconazole, 
ketoconazole, and miconazole, have been used 
successfully to treat  Candida  chorioretinitis. 
Recently, there is experience using intravitreal 
voriconazole (50–100        m       g/0.1 mL) combined suc-
cessfully with oral voriconazole, but the experi-
ence is still limited. In addition, intravitreal 
voriconazole has been found effective in cases 
resistant to amphotericin B and  fl uconazole. 
A vitrectomy is of great help in these cases fol-
lowed by intravitreal antifungal therapy. Vitreous 
biopsy and blood cultures may be useful in the 
diagnosis of systemic candidemia. 

 Drug addicts (intravenous drug abusers) who 
develop AIDS are likely to present an increased 
risk of ocular infection by  Candida .  

    Pneumocystis carinii  Choroiditis 
  Pneumocystis carinii  pneumonia (PCP) has been 
the most common systemic opportunistic infec-
tion associated with AIDS. It affected more than 
60% of patients with AIDS in the 1980s, but with 
the advent of effective prophylaxis using 
trimethoprim/sulfamethoxazole in HIV-positive 
patients with a count of CD4 + <200 cells/uL, the 
incidence of systemic disease by  Pneumocystis  
has decreased signi fi cantly.  Pneumocystis carinii  
choroiditis (PCC) was described in 1989  [  90,   91  ] . 
Lesions respond to systemic treatment (intrave-
nous or oral) with pentamidine (4 mg/kg/day) or 
a combination of trimethoprim (15–20 mg/kg/day) 

and sulfamethoxazole (75–100 mg/kg/day) for 
3–4 weeks. PCC has become very rare, and this is 
likely because it is almost exclusively seen as a 
disseminated form of  Pneumocystis  that has been 
controlled with local inhalational pentamidine. 
That therapy is rarely used since the disease does 
disseminate. Systemic treatment of  Pneumocystis  
likely prevents the appearance of choroiditis and 
other disseminated infections in most patients. 

 The clinical appearance of the PCC is very 
characteristic. The lesions are yellow-white, round, 
circumscribed,  fl at, or slightly elevated, located at 
the posterior pole with a diameter ranging between 
500        m        and 3,000        m        (Fig.  1.15 ). They are usually 
multifocal and bilateral but may be unifocal and 
unilateral. Rarely lesions are visually signi fi cant, 
although foveal and optic nerve lesions can some-
times cause visual impairment. The lesions occur 
with little or no vitritis  [  90–  93  ] .   

    Cryptococcus neoformans  Chorioretinitis 
  Cryptococcus neoformans  is a yeast that rarely is 
associated with disease in humans but can cause 
opportunistic infection in the immunocompro-
mised patient. CNS involvement with 
 Cryptococcus  infection is relatively common in 
AIDS patients and often results in meningitis and 
secondary ocular  fi ndings (in 75% of cases)  [  94  ] . 
Choroiditis and chorioretinitis by  Cryptococcus  
has been reported in patients with AIDS and 
appears to be associated with central nervous sys-

  Fig. 1.14    Candida vitritis ( a ) and retinitis ( b ). ( a ) Gross exam-
ination shows multifocal candidal retina abscess with “cotton 
ball” vitreous opacities (Courtesy of Dario Savino-Zari, MD). 
( b ) Candida retinitis (Reprinted with permission from Arevalo 

JF, ed. Manifestaciones Oculares del SIDA en el Nuevo 
Milenio: Texto y Atlas [Ocular manifestations of AIDS in the 
New Milenium: Text and Atlas]. Panama City, Panama: 
Highlights of Ophthalmology 2004  [  55  ]        
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tem involvement (Fig.  1.16a ). The typical lesions 
of this entity are located in the choroid and retina; 
the appearance is of multiple yellowish spots, cir-
cumscribed, with a variable diameter of 500–
3,000        m        (Fig.  1.16b–d ). They may be accompanied 
by perivascular sheathing (vasculitis), vitritis, 
and anterior uveitis with keratic precipitates mut-
ton fat (granulomatous). Papilledema may be 

present owing to increased intracranial pressure 
caused by meningitis. Visual loss may occur as a 
result of cryptococcal involvement of the optic 
nerve, chiasm, and optics tracts  [  94  ] .  

 Treatment in patients with AIDS and crypto-
coccal ocular involvement has included amphot-
ericin B and 5- fl uorocytosine; the combination of 
these two drugs has been effective in the treat-
ment of cryptococcal chorioretinitis. Ketoconazole 
also appears to be effective and appears to be 
synergistic with 5- fl uorocytosine.  

   Mycobacterium Choroiditis 
 The mycobacterial ocular infections in AIDS 
patients are infrequent and are caused primarily 
by  Mycobacterium  tuberculosis or  Mycobacterium 
avium  intracellulare (MAI)  [  95–  97  ] . In either 
case, the eye infection is a manifestation of dis-
seminated systemic disease. MAI ocular infec-
tions have only been described in autopsy series; 
however, clinically apparent cases of ocular 
infection by  Mycobacterium  tuberculosis have 
been described. Ocular  fi ndings in  Mycobacterium  
tuberculosis infection in AIDS patients (similar 
to those of immunocompetent patients) include a 
prominent granulomatous reaction of the anterior 
chamber with posterior synechiae, a moderate 
vitritis and yellowish-white choroidal elevated 
lesions (granulomas) with retinal spearing 
(Figs.  1.17  and  1.18 ).   

 Treatment is focused on control of systemic 
disease, although topical corticosteroids can be 
used to help control the anterior chamber reac-
tion. The lesions caused by MAI described in 
autopsies are choroidal granulomas that are 
slightly elevated. The organisms were observed 
in choriocapillaris and choroidal vessels. The 
lesions do not appear to be of clinical signi fi cance 
unless accompanied by vitritis. 

 Tuberculosis remains common throughout 
Latin America. The impact of HIV and multidrug 
resistance on tuberculosis control has been 
 enormous. HIV-positive patients may be at ten 
times greater risk of multidrug-resistant tubercu-
losis than HIV-negative patients. Hopefully, 
improved diagnostic techniques will allow more 
rapid diagnosis of tuberculosis. However, in 
alarming reports, only 58% of patients were 

  Fig. 1.15    Deep lesions in the posterior pole correspond-
ing to the diagnosis of  Pneumocystis carinii  choroiditis. 
( a ) Accompanied by papilledema by  Cryptococcus neo-
formans . ( b ) Very subtle. ( c ) Large, con fl uent, and accom-
panied by a “patch” caused by cytomegalovirus retinitis       

 



  Fig. 1.16    ( a ) Hemorrhagic papilledema by  Cryptococcus 
neoformans . ( b ) Peripheral retinal lesion by  Cryptococcus 
neoformans . Note the associated vasculitis. ( c  and  d ) Left 

and right eye of patient with multifocal lesions by 
 Cryptococcus neoformans  and blot hemorrhages       

  Fig. 1.17    Multiple bilateral choroidal TB granulomas. Color photos. ( a  and  c ) Right eye. ( b  and  d ) Left eye       
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treated with the recommended treatment regimen 
in a Brazilian study, and dropout from treatment 
in parts of Bolivia was common. Many failings 
could be combated by rigorous education of 
patients and physicians. In an encouraging 
advance, multidrug-resistant tuberculosis was 
successfully treated in a community-based pro-
gram, saving an estimated 90% of the cost of 
hospital-based treatment. An opportunity to iden-
tify treatment failure earlier is demonstrated by 
the  fi nding that 2 months after the initiation of 
therapy, positive smears were found in only 3% 
of those whose treatment was successful, but 
74% of those whose treatment failed  [  98  ] .  

   B-Cell Lymphoma 
 While obviously this entity is not an infectious 
manifestation associated with AIDS, we wanted 
to include it in this review as it is one of the most 
frequent pathologies of the posterior pole in these 

patients that may mimic atypical infectious retin-
itis and therefore we keep it on our list of differ-
ential diagnoses. 

 HIV-infected patients are at increased risk 
for developing non-Hodgkin’s lymphoma  [  99  ] , 
which tends to occur at a younger age than in their 
immunocompetent counterparts  [  100–  102  ] . B-cell 
non-Hodgkin’s lymphoma is a cancer more fre-
quently associated with AIDS. Lymphoma can be 
visceral or affect the CNS  [  103  ] . Ocular B-cell 
lymphoma in AIDS patients (similar to those of 
immunocompetent patients) consists of a mild-
to-moderate vitritis, lesions of the uvea and retina. 
Ocular manifestations in this disease occur more 
frequently when there is a CNS involvement than 
when there is a systemic involvement. While 
intraocular lymphoma typically develops late in 
the course of HIV/AIDS, it can occur as an AIDS-
de fi ning illness  [  104,   105  ] . The incidence of 
HIV-associated primary intraocular and CNS 

  Fig. 1.18    Multiple bilateral choroidal TB granulomas. Fluorescein angiography showing hyper fl uorescence in early 
frames. ( a  and  c ) Right eye. ( b  and  d ) Left eye       
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lymphoma has declined by greater than 50% in 
the HAART era  [  106,   107  ] . However, the overall 
prevalence of intraocular lymphoma may be on 
the rise. In one large retrospective study, the pro-
portion of intraocular lymphoma as an AIDS-
de fi ning illness rose from 4.4% to 6.3% following 
the advent of HAART  [  108  ] . 

 In    non-Hodgkin’s lymphoma with CNS 
involvement, symptoms include  fl oaters and 
vision loss; non-Hodgkin’s lymphoma usually 
shows lesions in the retina, in the subretinal pig-
ment epithelial space, and optic nerve, whereas 
the ocular manifestations of systemic lymphoma 
typically affect the uveal tract due to invasion 
through the choroidal circulation. Vitritis is com-
mon in both categories. Deep retinal lesions typi-
cally associated with CNS lymphoma in AIDS 
patients are of a creamy white appearance, may 
have associated retinal hemorrhages, and can be 
large with well-de fi ned edges (lesions can be 
confused with atypical CMV) (Fig.  1.19 ). Uveal 
manifestations of lymphoma in these patients 
include serous retinal detachments and altera-
tions of retinal pigment epithelium.  

 Brain MRI and analysis of cerebrospinal 
 fl uid for cytology are mandatory in all patients 
suspected of having intraocular or CNS dis-
ease  [  109  ] . Treatment at this time includes 
chemotherapy and radiation that are based on 
the stage and extent of disease, but the long-
term prognosis is poor.    

   Controversies and Perspectives 

    The next era will be one that improves our • 
understanding of disease processes, re fi nes 
treatments, and returns to the study of HIV-
related eye disease.  
  Retinal and optic nerve damage that occurs in • 
the absence of clinically apparent infections 
needs additional study. Of particular importance 
is whether damage progresses despite HAART 
and immune recovery.  
  Better long-term strategies for the manage-• 
ment of CMV retinitis and its complications 
are required. Issues include not only treatment 
but also prevention and visual rehabilitation. 
Strategies appropriate for the developing 
world must be considered.  
  A still better understanding of CMV retinitis • 
is needed, especially with regard to risk factors 
for its development and recurrence. Studies 
of human genes that regulate the immune 
response to speci fi c infections hold promise in 
this area. Additional studies of CMV immu-
nity may lead to tests that are useful for pre-
dicting those at highest risk.  
  The basis for alterations in vision that have • 
been documented in the absence of clinical 
lesions (abnormal color vision, reduced 
 contrast sensitivity, and visual  fi eld changes) 
should be explored further.  
  Study of the retinal vasculature also may pro-• 
vide insights into other nonocular disorders 

  Fig. 1.19    ( a  and  b ) Well-de fi ned retinal lesions in a patient with AIDS and ocular lymphoma with central nervous 
system involvement       
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associated with HIV disease. Renal disease 
and cardiovascular disease have become 
important in the HAART era and may share 
disease mechanisms with the microvasculopa-
thy of HIV disease.     

   Focal Points 

    AIDS is a condition characterized by severely • 
compromised cell-mediated immunity, predis-
posing patients to opportunistic infections and 
neoplasms.  
  Approximately about 0.8% of the world’s • 
population is infected with HIV. Of these 
patients, more than 90% are unaware that they 
are infected and up to 70% have ocular com-
plications related to HIV/AIDS.  
  Proper diagnosis of ocular complications by • 
HIV is critical because failure to diagnosis can 
lead to severe and permanent vision loss, 
because speci fi c therapy is available for many 
of the more common disorders, and because 
ocular disease may be the initial manifestation 
of an underlying disseminated infection.  
  HIV retinopathy is the most common retinal • 
manifestation. It is characterized by the for-
mation of cotton-wool spots, hemorrhages, 
and microaneurysms, and it is typically 
asymptomatic.  
  Important ocular infections seen in patients with • 
HIV/AIDS include CMV retinitis, the most 
common, VZV herpetic retinitis, toxoplasmic 
retinochoroiditis, syphilis,  Pneumocystis carinii  
choroiditis (PCC),  Mycobacterium  tuberculosis, 
and cryptococcal choroiditis.  
  Noninfectious causes of uveitis observed in • 
patients with HIV/AIDS include neoplastic 
disease, drug-induced uveitis, and immune 
recovery uveitis (IRU).  
  HAART has had a substantial impact on HIV • 
in wealthy countries, including immune recon-
stitution for many patients with resultant 
improved survival and declines in  opportunistic 
 infections. However, HIV/AIDS remains a 
leading cause of death in developing countries, 
particularly sub-Saharan Africa.         
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  Abstract 

 Diffuse unilateral subacute neuroretinitis (DUSN) is a usually unilateral 
in fl ammatory disease characterized by an insidious, usually severe, loss of 
peripheral and central vision. Clinical characteristics are manifested in 
early and late stages. Parasites of different sizes and several species of 
nematodes have been reported as the etiology of DUSN without conclu-
sive evidence about the speci fi c agent. Because serologic testing has been 
variable, the de fi nitive diagnosis is made when the clinical characteristics 
of DUSN are found in conjunction with an intraocular worm. Laser pho-
tocoagulation, pars plana vitrectomy, thiabendazole, and albendazole have 
been used to treat DUSN with variable success.  
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   Introduction 

 Diffuse unilateral subacute neuroretinitis (DUSN) 
was described by Gass in 1977  [  1  ] , who called it 
“unilateral wipe-out syndrome.” The term diffuse 
unilateral subacute neuroretinitis was  fi rst used by 
Gass in 1978  [  2  ] . He described 29 patients seen 
with consistent features that included insidious, 
usually severe, loss of peripheral and central 
vision with associated  fi ndings of vitreous 
in fl ammation, diffuse and focal epithelial derange-
ment with relative sparing of the macula, narrow-
ing of the retinal vessels, optic atrophy, increased 
retinal circulation time, and subnormal elec-
troretinographic  fi ndings (Fig.  2.1 ). However, the 
cause of the in fl ammation in DUSN was still 
unknown. In May 1978, Gass et al. reiterated his 
de fi nition because the progressive unilateral visual 
loss was believed to be secondary to in fl ammation 
of the retina, retinal vessels, retinal pigment epi-
thelium (RPE), and optic nerve head  [  3  ] . Later in 
1983, Gass and Braunstein observed a nematode 
in two patients with DUSN  [  4  ] . On further search-
ing of the literature, Gass was able to identify pre-
viously reported cases of similar nematodes that 
produced the same clinical picture appearing as 
early as 1952  [  5  ] . Hence, a syndrome of initially 
unknown cause that was classi fi ed only by clini-
cal description was later found to be related to a 
nematode in the subretinal space  [  6  ] . Although 
evidence suggests that most patients with DUSN 
will not develop it in the fellow eye, bilateral cases 
have been reported; therefore, a more appropriate 
term for this ocular condition might be  diffuse 
subacute   neuroretinitis   [  7  ] . Cortez et al. described 
the clinical features and management in the larg-
est reported series to date of patients with DUSN 
 [  8  ] . The charts of all patients coded as having 
DUSN in a vitreoretinal clinic in Caracas, 
Venezuela, between July 1979 and August 2000 
were retrospectively reviewed. They identi fi ed 82 

eyes of 78 patients with DUSN. The mean age at 
diagnosis was 16.7 years. Thirty-three (42.3%) of 
the patients were female. The presenting visual 
acuity was 20/400 or worse in 69 eyes (84.1%). 
The subretinal nematode was identi fi ed in 33 eyes 
(40.2%), and all nematodes were small, approxi-
mately 400  m (mu)m in length  [  8  ] .   

   Etiologic Agent 

 Parasites of different sizes and several species of 
nematodes have been reported as the etiologic 
agent of DUSN, including  Toxocara canis,  
 Baylisascaris procyonis,  and  Ancylostoma cani-
num , and most of these reports do not present con-
clusive evidence about the speci fi c agent. In the 
southeastern United States, the Caribbean islands, 
and South America, the nematode varies in length 
from approximately 400–700  m m. In the other 
endemic area, the north Midwestern United States, 
it measures approximately 1,500–2,000  m m in 
length  [  9  ] . However, Cialdini et al. reported the 
 fi rst South American case of DUSN caused by the 
larger nematode  [  10  ] . In earlier reports, serologic 
testing was negative in most of the patients with 
viable intraretinal nematodes, which led Gass and 
Braunstein to suggest that  Toxocara  was not the 
causative nematode in most patients with DUSN 
 [  4  ] . They suggested that the nematode less than 
1,000  m m in length was the dog hookworm, 
 Ancylostoma caninum,  and Kazacos et al. sug-
gested that the larger nematode was the raccoon 
ascarid,  Baylisascaris procyonis   [  11  ] . 

 Retinal biopsy for DUSN via transcleral 
approach has been performed by Blumankranz 
and Culbertson  [  12  ] . However, precise 
identi fi cation of the nematode was not made 
 [  13  ] . Gass transclerally extracted one nematode 
from beneath the retina after killing it with cryo-
therapy; histologic details were poor, and he was 
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unable to identify the nematode  [  14  ] . Via trans-
vitreal approach, de Souza et al. recovered the 
nematode intact and motile  [  13  ] . Several 
 parasitologists in São Paulo, Brazil, examined 
the nematode; the measurement of body size and 
the morphologic features were more consistent 
with a third-stage  Toxocara  larva, but because of 
poor  fi xation, de fi nitive identi fi cation of the 
worm was not possible. However, Bowman 
recently reviewed the pictures of the worm 
removed by de Souza and concluded that it is 
most likely  Ancylostoma caninum   [  9  ] . Because 
none of the nematodes described from patients 
with DUSN have been recovered intact, 
identi fi cation must, therefore, be based on a 
combination of careful measurement of the para-
site, serologic testing, and epidemiological stud-
ies, all of which have their limitations  [  15  ] . 

    Toxocara canis  

 Gass et al. initially concluded that  Toxocara  was 
a cause of DUSN  [  3  ]  but, however, discarded this 
possibility based on negative serology in many of 
the reported patients  [  4  ] . In addition, Gass and 
Olsen later suggested that  T. canis  was not the 
cause based on the following: (1) there is a lack 
of serologic evidence, (2) the small size of the 

infective second-stage larval form of T. canis 
makes it dif fi cult to be visualize biomicroscopi-
cally, (3) the clinical picture is unlike that 
 associated with ocular toxocariasis, and (4) the 
worldwide prevalence of  T. canis  is not in keep-
ing with the endemic distribution of DUSN  [  16  ] . 
However, Goldberg et al. reported that low or 
nondiagnostic serum titers are well described in 
cases of  Toxocara  ocular larva migrans and sug-
gested a similarity with the overall reduced sensi-
tivity of serodiagnostic tests for DUSN  [  15,   17, 
  18  ] . Oppenheim et al. reported a case of  Toxocara  
DUSN in which the patient’s positive ELISA titer 
decreased fourfold over a 2-year period  [  19  ] . 
Therefore, the lack of serologic con fi rmation of 
toxocaral infection in some patients may be a 
re fl ection of the timing of the serology in relation 
to the onset of the disease or the immune status of 
the patient.  

    Ancylostoma caninum  

 The association of cutaneous larva migrans 
months, several years, or immediately preceding 
the onset of DUSN in some patients suggests that 
 Ancylostoma caninum  may be the small nema-
tode that causes the syndrome  [  9,   16  ] .  A. cani-
num  is a frequent cause of cutaneous larva 

  Fig. 2.1    ( a  and  b ) Patients during early stages usually pres-
ent mild to moderate vitreitis, mild optic disk edema, and 
recurrent crops of evanescent, multifocal, gray-white lesions 
at the level of the outer retina ( arrows ). These lesions 

 typically are clustered in only one segment of the fundus. 
The intraocular worm is seen as a motile, white, often glis-
tening nematode that is gently tapered at both ends and var-
ies in length from 400 to 2,000  m m ( inset  in b)       
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migrans in the southeastern United States. In 
addition, the infective third-stage larva of  A. 
caninum  is approximately 650  m m in length and 
is capable of surviving in host tissue, including 
that of humans, many months and probably years 
without changing size or shape  [  16  ] .  

    Baylisascaris procyonis  

 In 1984, it was suggested by Kazacos that the 
larger worm in patients with DUSN living in 
more northern climates was  Baylisascaris procy-
onis , a nematode found in raccoons  [  20  ] . He pro-
posed that  B. procyonis  larvae produce ocular 
larva migrans with a clinical picture that is simi-
lar to that of early DUSN in subhuman primates 
and other experimental animals after oral infec-
tion  [  11  ] . Additionally, the  B. procyonis  larvae 
may grow while they are within the eye and 
would account for the range of lengths of larvae 
seen, such as those that are 400–2,000  m m. The 
large nematode variant of DUSN matches the 
size range of  Baylisascaris . Nevertheless, some 
controversy exists because most patients with 
DUSN have no history of exposure to raccoons 
 [  7  ] ; however, most patients with large nematode 
DUSN were from areas of the United States 
where raccoons are not only common, but com-
monly infected with  B. procyonis   [  21  ] . Signi fi cant 
morphometric, serologic, and epidemiologic sup-
port for  Baylisascaris  as the causative agent of 
DUSN was published by Goldberg  [  15  ] . A large 
worm of 1,500  m m length presenting in a German 
patient was thought to be consistent with 
 Baylisascaris  species  [  22  ] . In humans, the organ-
ism is capable of causing visceral larva migrans, 
eosinophilic meningoencephalitis, and ocular 
larva migrans. In addition, Mets et al. have 
reported two patients with eye manifestations of 
DUSN, both with severe neurologic degeneration 
and indirect immuno fl uorescence assays on 
serum and cerebrospinal  fl uid positive for  B. pro-
cyonis  in one and serially positive and increasing 
in the second  [  23  ] . In addition, Goldberg et al. 
suggest that ocular larva migrans and DUSN can 
occur without evidence of visceral larva migrans 
or central nervous system dysfunction  [  15  ] .  

   Trematodes 

 McDonald et al. encountered two cases of 
human intraocular infection with mesocercariae 
of  Alaria  (Trematoda) in the eyes of two unre-
lated Asian men with signs of DUSN in which 
the probable source of infection was ingestion 
of undercooked frogs’ legs containing the trem-
atode  [  24  ] . The worm in their case 1 was ana-
lyzed from projected fundus photographs and 
diagnosed as an  Alaria  mesocercaria on the 
basis of its shape, size (500 × 150  m m), and 
movement. The worm in their case 2 was 
removed surgically from the vitreous and 
identi fi ed as  Alaria     mesocercariae, 555 × 190  m m 
in size, most likely  A. americana . They con-
cluded that  Alaria  mesocercariae could be a 
cause of DUSN.   

   Mode of Transmission 

  Baylisascaris procyonis , a parasitic infection of 
raccoons in the United States, causes severe neu-
rologic and ocular disease in humans when 
infectious eggs from raccoon feces are ingested. 
However,  Ancylostoma caninum , a parasitic 
infection of dogs (or sometimes a fox infection) 
in South America, causes cutaneous larva 
migrans in humans when infectious eggs from 
dog feces are ingested or from larvae entering 
through the skin (usually the foot) migrate 
through the bloodstream to the lungs and tra-
chea, and are coughed up and swallowed. They 
attach themselves to the intestinal wall and thus 
complete the life cycle.  

   Diagnosis and Pathogenesis 

 Because serologic testing has been variable, the 
diagnosis is made when the clinical characteris-
tics of DUSN are found in conjunction with an 
intraocular worm (Table  2.1 ). Clinical character-
istics are manifested in early and late stages. 
DUSN most frequently is seen in healthy chil-
dren or young adults with no signi fi cant past ocu-
lar history.  
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   Early Stage 

 Central or paracentral scotoma is the principal 
complaint of symptomatic patients in the early 
stage  [  2  ] . Visual loss is rarely reversible and usu-
ally less than 20/200 in about one-half of patients 
 [  4  ] . Patients with acute visual loss during early 
stages of the disease usually present mild to mod-
erate vitreitis, mild optic disk edema, and recur-
rent crops of evanescent, multifocal, gray-white 
lesions at the level of the outer retina. These 
lesions typically are clustered in only one segment 
of the fundus (Fig.  2.1a )  [  16  ] . Less  frequently, 
symptoms and signs include ocular discomfort, 
congestion, iridocyclitis, perivenous exudation, 
subretinal hemorrhages, serous  exudation, and 

evidence of subretinal neovascularization  [  16  ] . In 
approximately 25–40% of cases, a worm is visu-
alized during eye examination  [  8,   25  ] . The 
intraocular worm is seen as a motile, white often 
glistening nematode that is gently tapered at both 
ends and varies in length from 400 to 2,000  m m 
(Fig.  2.1b ). It can be seen during any stage of the 
disease, and if active gray-white lesions are pres-
ent, the nematode usually will be found in their 
vicinity. The examining light may cause the worm 
to move by a series of slow coiling and uncoiling 
movements and less often by slithering snakelike 
movements in the subretinal space  [  9  ] . Gass and 
Braunstein reported that there is a greater likeli-
hood of the longer worm leaving a tract of coarse 
clumping of RPE in the wake of its travels  [  4  ] . 

   Table 2.1    Diffuse unilateral subacute neuroretinitis (DUSN) diagnosis   

 DUSN diagnosis 

 Test  Findings 

 Ocular fundus signs   Early stage : mild to moderate vitreitis, mild optic disk edema, and recurrent crops of evanes-
cent, multifocal, gray-white lesions at the level of the outer retina typically clustered in only 
one segment of the fundus. Others: iridocyclitis, perivenous exudation, subretinal hemorrhages, 
serous exudation, and subretinal neovascularization 
  Late stage : progressive optic atrophy, mild or moderate vitreitis, multifocal choroiditis 
episodes, increase in the internal limiting membrane re fl ex (Oré fi ce’s sign), presence of small 
white spots suggestive of calci fi cations, tunnels in the subretinal space (Garcia’s sign), 
narrowing of the retinal arteries, and marked focal and diffuse degenerative changes in the RPE 
and retina 
  Early or late disease : in 25–40%, the worm is visualized 

 Serologic test  Unless a peripheral eosinophilia is present, no further evaluation seems warranted to make the 
diagnosis 

 FA   Early stage : hypo fl uorescence of the focal gray-white lesions followed by staining. Leakage 
from the capillaries on the optic disk. Perivenous leakage of dye 
  Advanced stages : irregular increase in the background choroidal  fl uorescence 

 ICG-A  Dark spots present in the initial ICG-A phase that seem to either disappear or persist in the late 
phase of the examination 

 ERG  b-wave of maximum combined response is  fl at, with below-normal response and a decrease in 
relation to b/a 

 EOG  One-half of patients can have a normal electrooculogram 
 Multifocal-ERG  Variable changes as decreased foveal response density and increased parafoveal and perifoveal 

waveform amplitudes 
 Visual  fi eld test  Different lesion patterns that cannot be explained with the  fi ndings of the ocular fundus 

changes 
 SLO  High-contrast image facilitating visualization of the nematode 
 OCT  Decreased RNFL thickness 
 GDx®   Early disease : increase in thickness due to transitory edema 

  Chronic phase : decrease in RNFL thickness 

   FA   fl uorescein angiography,  ICG-A  indocyanine green angiography,  ERG  electroretinogram,  EOG  electrooculogram, 
 Multifocal-ERG  multifocal electroretinogram,  SLO  scanning laser ophthalmoscopy,  OCT  optical coherence tomogra-
phy,  GDx®  nerve  fi ber analyzer,  RPE  retinal pigment epithelium,  RNFL  retinal nerve  fi ber layer  
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The shorter worm tends to leave focal, chorioreti-
nal atrophic scars (Fig.  2.2 ). The focal pigment 
epithelial changes seen are easily explained by the 
location or the travel pattern of the worm. It is 
speculated that focal chorioretinal white spots are 
an immune response to a secretion or excretion 
from the worm  [  3  ] . The diffuse pigment epithelial 
changes are somewhat more dif fi cult to explain 
except as a toxic reaction  [  26  ] . The active gray-
white evanescent lesions, which probably are 
caused by substances left by the nematode in its 
wake, disappear in 1–2 weeks as the nematode 
moves elsewhere in the eye  [  16  ] .   

   Late Stage 

 The clinical picture of late-stage disease usually 
demonstrates progressive optic atrophy with the 
subsequent afferent pupillary defect, mild or 
moderate vitreitis, multifocal choroiditis epi-
sodes, increase in the internal limiting membrane 
re fl ex (Oré fi ce’s sign), presence of small white 
spots suggestive of calci fi cations, evidence of 
tunnels in the subretinal space (Garcia’s sign), 
retinal narrowing of the retinal arteries, marked 
focal as well as diffuse degenerative changes in 
the RPE and retina, and severe permanent loss of 
vision (Fig.  2.3 )  [  16,   27  ] . Visual acuity in late 
stages is profoundly decreased, with 80% or more 
showing vision 20/200 or worse  [  26  ] . Over a 

period of weeks or months, diffuse as well as 
focal depigmentation of the RPE occurs, usually 
most prominent in the peripapillary and periph-
eral retina, and less prominent in the central mac-
ular area  [  9  ] . Optic atrophy and severe retinal 
arteriole narrowing seem to de fi ne the late stage 
best. Retinal arteriole narrowing may vary by 
quadrant and, in conjunction with optic atrophy, 
usually are accompanying the progressive 
changes in the RPE. Choroidal neovasculariza-
tion can occur usually in the periphery  [  26  ] . 
Although information about the pathogenesis of 
the disease is speculative, toxic products released 
by the larva in the subretinal space would locally 
affect the external portion of the retina and a dif-
fuse tissue reaction would lead to external and 
internal retinal damage. Over the years, vascular 
narrowing and progressive ganglionar cell loss 
would occur until optic atrophy resulted  [  28  ] .    

   Ancillary Tests 

   Serologic Test 

 Serologic testing, stool examinations, and periph-
eral blood smears are of little value in making the 
diagnosis of DUSN  [  3  ] , and no serologic test cur-
rently is available for  Ancylostoma   [  16  ] . When a 

  Fig. 2.3    The clinical picture of late-stage disease usually 
shows progressive optic atrophy, narrowing of the retinal 
arteries, marked focal as well as diffuse degenerative 
changes in the pigment epithelium and retina, and severe 
permanent loss of vision. The intraocular worm is shown 
in the  inset        

  Fig. 2.2    There is a greater likelihood of the longer worm 
leaving a tract of coarse clumping of RPE in the wake of 
its travels. The shorter worm ( inset ) tends to leave focal, 
chorioretinal atrophic scars ( arrow )       
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worm is identi fi ed within the eye of an otherwise 
healthy person, unless a peripheral eosinophilia 
is present, no further evaluation seems warranted 
to make the diagnosis.  

   Fluorescein Angiography 

 In the early stage, there is hypo fl uorescence of 
the focal gray-white lesions of active retinitis 
followed by staining. Leakage of dye is seen 
from the capillaries on the optic disk. 
Occasionally, there is evidence of prominent 
perivenous leakage of dye (Fig.  2.4 ). In more 
advanced stages of the disease, angiography 
shows greater evidence of loss of pigment from 
the RPE manifested angiographically as an 
irregular increase in the background choroidal 
 fl uorescence (Fig.  2.5 )  [  16  ] .    

   Indocyanine Green Angiography 
(ICG-A) 

 Indocyanine green angiography (ICG-A) fea-
tures suggest that the choroid is also involved in 
early-stage DUSN. Choroidal in fi ltration, which 
prevented normal choroidal indocyanine green 
impregnation, most probably is the physiopatho-
genic explanation for the hypo fl uorescent dark 
spots seen in the affected eye. The dark spots 
present in the initial ICG-A phase seem to either 
disappear or persist in the late phase of the 
examination. Hypo fl uorescent dots persisting in 
the late phase are interpreted as full-thickness 
lesions allowing no ICG diffusion, whereas dots 
becoming iso fl uorescent in the late phase are 
interpreted as partial-thickness lesions progres-
sively surrounded by ICG  fl uorescence (Figs.  2.6  
and  2.7 )  [  29  ] .    

  Fig. 2.4    Serial  fl uorescein angiogram performed on a patient with early-stage DUSN showing areas of both vascular 
and retinochoroidal leakage and staining       
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  Fig. 2.5    ( a ) In the early stage, there is hypo fl uorescence 
of the focal gray-white lesions of active retinitis followed 
by staining. ( b ) In more advanced stages of the disease, 
angiography shows greater evidence of loss of pigment 

from the RPE manifested angiographically as an irregular 
increase in the background choroidal  fl uorescence 
(Courtesy of Dario Fuenmayor-Rivera, M.D.)       

  Fig. 2.6    Early-stage DUSN. ( a ) The affected eye 
revealed multiple yellow-white subretinal lesions at the 
posterior pole. ( b ) Early-phase ICG-A shows 
hypo fl uorescence of the lesions. ( c ) Late-phase ICG-A 
reveals few hypo fl uorescent dots and a fuzzy 
hyper fl uorescence in the macular region. ( d ) After 

1 month, the superior subretinal lesions increased in 
number and became more evident (Reprinted with per-
mission from Vianna RN, Onofre G, Ecard V, Muralha 
L, Muralha A, de A Garcia CA. Indocyanine green 
angiography in diffuse unilateral subacute neuroretini-
tis. Eye. 2006;20:1113–1116)       
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   Electroretinogram (ERG), 
Electrooculogram (EOG), 
and Multifocal Electroretinogram 

 Electroretinographic changes include a mild to 
moderate decrease in rod and cone function, with 
the b-wave being more affected than the a-wave. 
DUSN presents a very characteristic and repro-
ducible electroretinographic picture also found 
in ischemic retinal cases: negative electroretino-
gram (b-wave of maximum combined response 
is  fl at, with below-normal response and a 
decrease in relation to b/a). The mechanism of 
this interesting phenomenon is explained by 
Oré fi ce et al. as being a consequence of a possi-
ble autoimmune, in fl ammatory, and/or toxic 
aggression toward retinal bipolar cells  [  27,   28  ] . 

The ERG in the affected eye is usually abnormal 
even if tested early in the course of the disease 
 [  8  ] . The more common one-half of patients can 
have a normal electrooculogram (EOG), and the 
 fi nding of normal EOG and abnormal ERG sug-
gests a neuroepithelium disease  [  25  ] . It is impor-
tant that the ERG is rarely extinguished 
completely, which differentiates it from some 
tapetoretinal degeneration  [  30  ] . According to 
Martidis et al., multifocal electroretinography 
 fi ndings before laser treatment showed decreased 
foveal response density and increased parafoveal 
and perifoveal waveform amplitudes. Two 
months after laser photocoagulation of a subreti-
nal nematode, multifocal electroretinography 
showed full recovery of normal  fi ndings and 
visual acuity remained 20/20  [  31  ] .  

  Fig. 2.7    Late-stage DUSN. ( a ) Observe many round 
hypopigmented lesions throughout the posterior pole 
as well as mild optic disk atrophy, discrete narrowing 
of the retinal vessels, and diffuse RPE degeneration. 
( b ) The located worm surrounded by laser spots. ( c  and 
 d ) Early- ( c ) and late-phase ICG-V ( d ) revealed 

hypo fl uorescent spots and an area of hyper fl uorescence 
in the macular region (Reprinted with permission from 
Vianna RN, Onofre G, Ecard V, Muralha L, Muralha A, 
de A Garcia CA. Indocyanine green angiography in dif-
fuse unilateral subacute neuroretinitis. Eye. 
2006;20:1113–1116)       
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   Visual Field Studies 

 Visual  fi elds show different lesion patterns that 
cannot be explained with the  fi ndings of the 
ocular fundus changes  [  16  ] . Goldman perimetry 
is useful to evaluate remaining visual  fi eld 
before and after treatment of the disease 
(Fig.  2.8 )  [  30  ] .   

   Scanning Laser Ophthalmoscopy (SLO) 

 Examination with scanning laser ophthalmos-
copy (SLO) provides a high-contrast image that 
may facilitate visualization of the nematode. Live 
video imaging with the SLO may also help docu-
ment motility  [  10  ] .  

   Optic Coherence Tomography (OCT) 

 Statistical analysis with the Stratus OCT showed 
that there was no signi fi cant difference between 
the retinal nerve  fi ber layers (RNFL) thickness 
in patients with or without live worm. However, 
there was statistical signi fi cance between 
decreased RNFL thickness and worse visual 
acuity  [  32  ] .  

   GDx® Nerve Fiber Analyzer 

 The GDx® nerve  fi ber analyzer (Carl Zeiss 
Meditec, Inc., Jena, Germany) is a scanning con-
focal laser polarimeter, which uses a polarized 
light source to analyze the retinal nerve  fi ber 
layer around the optic nerve. According to Garcia 
et al. it is possible to have two types of RNFL 
alterations: (1) increase in thickness, due to tran-
sitory edema or (2) decrease in thickness second-
ary to nerve  fi ber loss that occurs with the 
progression of the disease. They concluded that 
GDx was able to demonstrate a decrease in RNFL 
thickness during the chronic phase. This is espe-
cially important for patients whose larva was not 
found and who underwent only clinical treatment 
so that the progression of the disease may be 
monitored  [  27  ] .   

   Differential Diagnosis 

 Early signs of DUSN often are mistaken for 
sarcoid, and other entities that cause focal cho-
rioretinitis, including toxoplasmosis and histo-
plasmosis, multifocal choroiditis, serpiginous 
choroiditis, acute posterior multifocal placoid 
pigment epitheliopathy, multiple evanescent 

  Fig. 2.8    Visual  fi eld demonstrates different lesion pat-
terns that cannot be explained with the  fi ndings of the 
ocular fundus changes. Goldman perimetry is useful to 

evaluate remaining visual  fi eld before and after treatment 
of the disease       

 



332 Diffuse Unilateral Subacute Neuroretinitis (DUSN)

white dot syndrome, nonspeci fi c optic neuritis, 
and papillitis. The late stage of DUSN is often 
mistaken for posttraumatic chorioretinopathy, 
occlusive vascular disease, or sarcoid or toxic 
retinopathy  [  16  ] .  

   Management 

   Laser Treatment 

 At present, treatment of a visible worm with pho-
tocoagulation seems to offer the best chance for 
halting worm motility and resolution of the active 
gray-white lesions without causing signi fi cant 
intraocular in fl ammation or toxic damage to the 
eye. Some improvement in vision and visual  fi eld 
may occur after laser treatment of the worm  [  33  ] ; 
however, in late stages of the disease, laser treat-
ment does not improve the visual acuity of affected 
patients  [  34  ] . Previous studies have demonstrated 
the photosensitivity of different species of ocular 
infecting parasites, and this may be utilized in lur-
ing the target organism away from the macula. In 
some patients with the worm very close to the 
center of the fovea in which heavy photocoagula-
tion may damage the remaining central vision, it 
may be possible to use low level of illumination or 
very light applications of the laser to chase the 
worm into the midperiphery, where it may be 
destroyed with less retinal damage  [  35  ] .  

   Oral Treatment 

 Usually thiabendazole and corticosteroids have 
not been successful for the treatment of DUSN, 
except in patients with vitreous in fl ammation. 
Gass et al. reported that thiabendazole could be 
effective in some patients when the worm cannot 
be found and when DUSN is accompanied by 
moderate degrees of vitreous in fl ammation that is 
associated with a breakdown in the blood-retinal 
barrier  [  16  ] . Similarly, in this group of patients 
without visible worm and the typical migration of 
the evanescent lesions, Gass proposed the use of 
moderately intense scatter photocoagulation in 
the vicinity of the white lesions to break down the 

blood-retinal barrier before the administration of 
thiabendazole. Observation of new white retinal 
lesions 4–7 days after medical treatment may 
indicate death of the nematode. Souza et al. 
reported 12 Brazilian patients who improved 
visual acuity, visual  fi eld, and active ocular 
in fl ammatory signs after treatment exclusively 
with high-dose oral albendazole (400 mg/day) 
for 30 days  [  36  ] . In addition, during the  fi rst 
weeks of treatment, they observed worm inacti-
vation in four patients in which the worms were 
visible. No adverse drug side effects were 
observed in any of their cases during follow-up.  

   Pars Plana Vitrectomy (PPV) 

 Pars plana vitrectomy is not the standard of treat-
ment for DUSN when the nematode is found 
because it can be eradicated in cooperative 
patients with laser. However, as previously stated, 
de Souza et al. recovered the nematode intact 
with a PPV approach and in an uncooperative 
young patient to standard laser treatment  [  13  ] . In 
addition, Meyer-Riemann et al. demonstrated 
that when a nematode larva is near the posterior 
pole, surgical extraction of the worm using vit-
rectomy techniques may be favorable compared 
to photocoagulation  [  37  ] .   

   Controversies and Perspectives 

 Diffuse unilateral subacute neuroretinitis is a 
usually unilateral in fl ammatory disease charac-
terized by an insidious, usually severe, loss of 
peripheral and central vision with associated 
 fi ndings of vitreous in fl ammation, diffuse and 
focal epithelial derangement with relative spar-
ing of the macula, narrowing of the retinal ves-
sels, optic atrophy, increased retinal circulation 
time, and subnormal electroretinographic 
 fi ndings. Parasites of different sizes and several 
species of nematodes have been reported as the 
etiologic agent of DUSN, including  Toxocara 
canis,   Baylisascaris procyonis,  and  Ancylostoma 
caninum , and most of these reports do not present 
conclusive evidence about the speci fi c agent. 
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Clinical characteristics are manifested in early 
and late stages, but pathogenesis of the disease is 
speculative including autoimmune, in fl ammatory, 
and/or toxic mechanism of aggression as a pos-
sible cause of retinal damage. Laser photocoagu-
lation offers the best chance for clinical resolution 
of the disease; however, in only 25–40% of cases, 
the worm is visualized during eye examination. 
In those patients who cannot receive laser, other 
treatments including pars plana vitrectomy, thi-
abendazole, and albendazole have been used with 
variable success. Probably, nowadays, the best 
protocol option for oral treatment is albendazole; 
however, the optimal dosing and duration of 
treatment for DUSN has still not been deter-
mined, and the suggestion to use 400 mg for 30 
consecutive days is on the basis of the good 
results observed applying this protocol to patients 
with neurocysticercosis  [  36  ] .  

   Focal Points 

     1.    In order to avoid diagnostic mistakes, it is 
important to notice that patients may not mani-
fest evidence of systemic disease and stool 
shedding. Eosinophilia is infrequently detected, 
and by the time the worm reaches the subreti-
nal space, systemic markers may not be infor-
mative as there is likely to be a time lapse 
between systemic infestation and intraocular 
involvement, so the de fi nitive diagnosis is 
made when the clinical characteristics of 
DUSN are found in conjunction with an 
intraocular worm.  

    2.    Whenever the nematode is detected, immedi-
ate laser photocoagulation of the worm is nec-
essary as the migratory worm may be dif fi cult 
to indentify later on. The aim of laser therapy 
is to achieve death of the worm without 
in fl icting collateral damage to the macula. The 
leading end of the nematode in forward move-
ment will be the head, and this can be identi fi ed 
by using a low level of illumination to shep-
herd the nematode away from the macula, 
with a posterior vertical slit beam, before laser 
application to the head with a single laser shot. 
However, it may not be easy to distinguish the 

head from the tail—especially for small worms 
 [  38  ] . Parameters for laser treatment include 
spot size ranged from 200 to 300  m m. Power 
settings range from 150 to 200 mW with an 
exposure time of 0.2 s. However, Schatz et al. 
reported a case in which the area of the worm 
was treated with 200-mW, 200- m m argon 
green laser spot for 0.2 s with unsuccessful 
results. They required 0.5 s with 300 mW and 
a 200- m m spot to kill the worm in the inner 
retina  [  39  ] .  

    3.    In patients in whom the worm is visualized 
and treated with laser, pretreatment immuno-
suppression with corticosteroids has reduced 
retinal in fl ammation (sometimes increased 
after laser treatment). In the majority of 
patients in whom laser treatment cannot be 
done, corticosteroids have uncovered the small 
worm and made it easy to identify. Different 
and variable doses have been tested, and one 
of the schemes includes oral prednisone 
40 mg/day for 1 week with or without previ-
ous intravenous methylprednisolone    at a dose 
of 1 g for three consecutive days.          
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   Introduction 

 Taeniasis is caused by infestation with the adult 
worm of  Taenia solium  in the human gastrointes-
tinal tract. Taeniasis is found worldwide but is 
endemic in some parts of the world. While tae-
niasis is rarely seen in those who do not eat pork, 
cysticercosis occurs in all ethnic groups regard-
less of dietary habits. 

  Cysticercosis  refers to an infestation by the 
larva form of  Taenia solium.  The pig is the 
usual intermediate host, but dogs, cats, and 
sheep can harbor the larvae as well. When 
embryonated  T .  solium  eggs enter the human 
intestinal tract by ingestion of contaminated 
water or food, the hatched larvae are able to 
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 Cysticercosis is an infestation that results from the ingestion of eggs of 
 Taenia solium . Eggs are found in fecally contaminated water or food. 
Autoinfection as a result of the entry of eggs into stomach due to retroperi-
stalsis or accidental ingestion of eggs is possible. The larval stage  of 
T .  solium  (cysticercus) locates in tissues with high blood requirement, 
such as the central nervous system (CNS), muscle, or eye. Ocular cystic-
erci may be located in any part of the eye. For diagnostic purposes, 
B-ultrasonography should be selected  fi rst. Cysticerci induce severe 
in fl ammation due to toxins contained inside the cyst. Surgical removal is 
the treatment of choice.  
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enter the bloodstream and form cysts in target 
organs. Poor hygiene and poverty are risk fac-
tors for cysticercosis; therefore, the disease is 
mainly seen among low socioeconomic classes 
in China, Eastern Europe, India, Indonesia, 
Latin America, and Pakistan  [  1  ] . 

 Although subcutaneous cysticercosis is prob-
ably the most common form of the disease, clini-
cal symptoms are usually manifested only in 
patients with cerebral or ocular involvement  [  2  ] . 
Ocular structures are affected in 13–40% of 
infected patients, at times leading to impaired 
vision or blindness  [  3  ] . 

 In 1830, Soemmering described the  fi rst case 
of ocular cysticercosis, which was localized to 
the anterior chamber. In 1854, von Graefe 
reported a case of cysticercosis in the vitreous 
cavity, which was surgically removed. Since then, 
there have been many reports of ocular cysticer-
cosis published in the literature  

   Epidemiology 

  Taenia solium  has a worldwide distribution, with 
higher incidence in Mexico, Africa, Southeast 
Asia, Eastern Europe, and South America. The 
parasite has also been found in pigs in Colorado 
and New Mexico, and native acquisition of the 
disease has been proven in the United States. The 
incidence of cysticercosis in developed countries 
has increased in the past 10 years, probably due 
to an increasing number of immigrants from 
endemic countries  [  4  ] . Even in orthodox Jewish 
communities with strict dietary habits and in veg-
etarians, neurocysticercosis has been reported  [  5, 
  6  ] . This is due to the fact that the development of 
the disease depends strictly on the ingestion of 
fertilized eggs, which are found in fecal contami-
nants and not from the ingestion of the larvae that 
are found in muscle tissues. 

 Ocular manifestations usually appear in the 
 fi rst four decades of life, without sex predilection 
and with higher incidence in the  fi rst two decades 
of life, compared with neurocysticercosis  [  7,   8  ] . 
The left eye seems to be more often involved than 
the right eye.  

   Etiology and Pathogenesis 

 The adult form of  T. solium  is 3 mm in length and 
usually lodges in the proximal portion of the jeju-
num, where it can live for decades. The globulous 
scolex or head of the worm has a peak or face 
with two crowns of hooks. The gravid proglottid 
measures 6–12 mm approximately, and the uterus 
has from 8 to 12 lateral branches. The eggs are 
infectious for both the pig and humans, with a 
fecal-oral transmission route. Humans can 
become autoinfected if the gravid portions con-
taining fertilized eggs reach the stomach again 
through inverse peristalsis, as occurs during 
regurgitations. 

 In the intermediate host, the hexacanth embryo 
is released from the egg, traverses the intestinal 
wall, and is transported to distant places by the 
venous of lymphatic system, where it turns into a 
mature larva or cysticercus cellulosae in a period 
of 60–70 days  [  3,   9  ] , with a mean survival of 
5 years  [  4  ]  (Fig.  3.1 ).  

 Ocular cysticerci can be localized in any part 
of the eye, such as the anterior chamber  [  10,   11  ] , 
subconjunctival space  [  12  ]  (Fig.  3.2 ), optic disc 
 [  13  ] , subretinal space  [  14  ]  (Figs.  3.3  and  3.4 ), 
vitreous cavity  [  15–  17  ] , and lacrimal gland or 
eyelids  [  18  ] . Some authors have reported para-
sites located in the lens  [  2  ]  that migrate to the 
sclera  [  19  ] . It is hypothesized that the parasite 
reaches the posterior pole through the posterior 
ciliary arteries, because it is usually found in the 
macular subretinal space  [  20  ] , where it can perfo-
rate the retina, spread to the vitreous cavity, and 
cause a retinal detachment  [  21  ]  or an in fl ammatory 
response with the formation of a macular hole or 
chorioretinal, scar depending on the exit site  [  22  ]  
(Fig.  3.5 ). The central retinal artery is the most 
likely route through which the parasite reaches 
the optic disc. The ocular adnexa are involved via 
the anterior ciliary arteries  [  23  ] . Some authors 
suggest that the damage to the ocular structures 
by ocular cysticercosis is produced by a great 
amount of toxins released when the parasite dies 
 [  2  ] . Nevertheless, signs of in fl ammation have 
been noted even in patients with living parasites. 
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It has been reported that the in fl ammatory 
response associated with ocular cysticercosis is 
produced by the host immunologic reaction rather 
than by the cysticercus itself, with a greater 

response if the parasite is located in the vitreous 
cavity than if it is found in the subretinal space 
 [  24,   25  ] . In some cases, the in fl ammatory 
response can be so intense that it can simulate the 

  Fig. 3.1     Taenia solium  life cycle       

  Fig. 3.2    Cysticercus in the anterior chamber showing scolex protruding from the cyst       
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clinical appearance of endophthalmitis or so 
indolent that it might cause neovascular glau-
coma  [  26  ] .     

 In the last 20 years, ocular cysticercosis has 
shown the following distribution: subconjuncti-
val, 62.7%; intraocular, 26.3%; orbital, 7%; and 
lid, 4%. A signi fi cant decrease has been noted in 
subconjunctival cases (85% vs. 28%) with a 
signi fi cant rise in intraocular cysticercosis (6% 
vs. 60%)  [  27  ] . 

   Systemic Manifestations 

 Systemic manifestations of cysticercosis include 
subcutaneous cysts and in fl ammatory nodules, seen 
as calcium deposits in soft tissues on radiographic 

 fi lms or computed tomography (CT) scan. When 
the central nervous system is involved, the patient 
may present with seizures, recurrent headaches, and 
increased intracranial pressure or as a psychiatric 
disorder. Signs of meningoencephalitis may be 
observed in cases with multiple cysts  [  4  ] .  

   Clinical Intraocular Manifestations 

 Early in the disease (when the cysticercus is 
small), intraocular symptoms may be absent. As 
the parasite grows, it can cause progressive and 
painless loss of vision  [  28  ] , described by the 
patient as a dark, round, and mobile spot in the 
visual  fi eld. If the parasite is located in the macu-
lar subretinal space or at the optic disc, there is 
often an acute decrease in visual acuity, along 
with defects in the visual  fi eld.  

   Diagnosis 

 The diagnosis of ocular cysticercosis is to be sus-
pected in those patients living in endemic areas 
who suffer from uveitis, leucocoria, and neuro-
logic symptoms, as well in those with eyelid nod-
ules and subconjunctival cysts  [  29  ]    . 

 Indirect ophthalmoscopy and biomicroscopy 
are of great help in diagnosing the disease. The 
parasite in the vitreous cavity has a cystic translu-
cent appearance. If it is alive, undulation, con-
traction, and expansion movements can be seen 
as a light beam illuminates the cyst  [  30  ] . In early 
stages, when a cyst is located in the macular sub-
retinal space, it may manifest as an acute retinitis 
with edema and subretinal exudates  [  31  ] , show-
ing a pearl-like cyst containing the mobile para-
site. Retinal holes made by the cysticercus can be 
observed in the area. If the parasite is located in 
the subretinal space, the macular area is more 
commonly involved (80%), likely because of the 
regional vascular features  [  20  ]  and thickness. 

 The diagnosis is more dif fi cult if the parasite is 
located in the retinal periphery or if there is 
signi fi cant vitreous in fl ammatory response that 
precludes adequate visualization  [  32  ] . In the  latter 
situation, as well as when a retinal detachment is 

  Fig. 3.3    Subretinal cysticercus out of the foveal area       

  Fig. 3.4    Subretinal cysticercus at the level of the fovea       
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suspected, imaging techniques become an invalu-
able diagnostic tool to detect the parasite. The 
appearance of ocular cysticercosis depends on the 
site and living status of cysticercus. For diagnosis, 
B-ultrasonography should be selected  fi rst for 
diagnostic purposes. As a second line, magnetic 
resonance imaging (MRI) can be used to visualize 
living cysticerci and CT for nonliving calci fi ed 
cysticerci  [  33  ] . 

 Because ultrasonography is the gold standard, 
it is important to mention that in the A-mode, two 
high-re fl ective spikes showing the anterior and 
posterior walls of the cyst are seen with an addi-
tional 100% re fl ectivity spike seen inside the 
cyst, representing the scolex, which usually has 
an eccentric position. In the B-mode, a cystic 
mass with high-re fl ectivity eccentric structure 
showing undulatory movements can be observed 
 [  34  ]  (Figs.  3.6  and  3.7 ).   

 Laboratory tests have limited value in the diag-
nosis of the disease. Immunoelectrotransference 

testing reaches 100% speci fi city and 95% 
 sensitivity. ELISA serum testing achieves 63% 
speci fi city and 65% sensitivity. ELISA cerebro-
spinal  fl uid (CSF) immunotransference testing 
has 86% speci fi city and 62% sensitivity  [  35  ] . 

 Late-stage histopathology  fi ndings as reported 
by Gomez-Leal  [  36  ]  include the presence of a 
central eosinophilic mass with some parasitic 
elements, surrounded by a polymorphonuclear 
in fi ltrate and a layer of granulomatous-type 
in fl ammatory responses. These  fi ndings are con-
tained in a  fi brous capsule in fi ltrated by chronic 
in fl ammatory cells (Fig.  3.8 ). Other intraocular 
changes include choroidal in fi ltration with lym-
phocytes and plasma cells, retinal detachment 
with gliosis and atrophy in some areas, lens 
opaci fi cation adherent to the in fl ammatory pro-
cess in the vitreous cavity through a cyclitic 
membrane, iris atrophy with anterior synechiae 
closing the anterior chamber angle, and partial 
atrophy of the ciliary body (Fig.  3.9 ).    

  Fig. 3.5    Sequence of a subretinal posterior pole cysticercus 
migrating to the vitreous cavity. ( a ) Subretinal living cystic-
ercus. ( b ) The macula seems to be the most usual location 

and the favorite exit site (80%), likely because of regional 
vascular features and thickness. ( c ) Intravitreal live cysticer-
cus. ( d ) Residual macular hole created by the cysticercus       
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   Treatment 

 Medical treatment with albendazole and prazi-
quantel generally is used for central nervous sys-
tem cysticercosis  [  37  ] . They lack ef fi cacy, 
however, in the treatment of the ocular form of 
the disease, as reported by Santos et al. in 1984 
 [  38  ] . Other authors suggest that oral treatment 
besides being ineffective hastens progression of 
the disease by exacerbating the in fl ammatory 
response  [  39  ] . 

 Diathermy, cryotherapy  [  40  ] , and photocoag-
ulation  [  41,   42  ]  are useful methods of destroying 
the cysticercus. They are rarely used because of 
the risk of eliciting severe in fl ammation resulting 
from the release of toxins from the necrotic 
cysticercus  [  22  ] . Currently, the treatment of 
choice is the surgical removal of the cysticercus.  

   Surgical Technique 

 Removal of the parasite, clearing the vitreous 
cavity, and removing vitreous membranes are the 
purposes of the surgery. Once the parasite is dead 
(cystic lesions without movement seen), the 
extraction of the cysticercus is not recommended 
because in fl ammatory responses associated with 
parasite death produce multiple adherences, com-
plicating its removal  [  24  ] . The best approach to 
remove a free- fl oating cysticercus in the vitreous 
cavity is a pars plana vitrectomy. The vitrectomy 
is performed around the parasite until it is fully 
liberated. Then, one sclerotomy is widened 
according to its size, and the cyst is removed with 
a passive suction silicon tip probe, avoiding rup-
ture and subsequent toxin release  [  24  ] . 

 If the cyst is located in the subretinal space, a 
complete vitrectomy with a complete posterior 
vitreous detachment should be achieved. A reti-
notomy next to the location of the cyst in the 
temporal side of the macula is performed. The 
cyst is then removed, with the use of an extru-
sion soft-tip cannula, from the subretinal space 
and out of the eye through one of the scleroto-
mies. The retinotomy is not sealed with laser, in 
our experience, unless it is large or located in the 
periphery. Some authors, such as Pavan  [  43  ] , do 
prefer sealing the retinotomy with laser. 

 The procedure is followed by an air- fl uid 
exchange, and the patient is positioned facedown 
 [  24,   44  ] .   

   Controversies and Perspectives 

 After the ocular cysticercus is removed, a com-
plete work-up for  T. solium  infestation and neuro-
cysticercosis should be addressed. Controversy 

  Fig. 3.6    Mode B ultrasonography    showing an intravit-
real cysticercus. Note the hyperre fl ective walls, 
hypore fl ective interior, and the hyperre fl ective eccentric 
structure that corresponds to the scolex (Courtesy of 
Dr. Eduardo Moragrega Adame)       

  Fig. 3.7    Subretinal cysticercus. Mode A ultrasonography    
shows three high-re fl ective spikes that correspond to the 
retina, anterior and posterior wall of the cyst. An addi-
tional 100% re fl ectivity spike is seen inside the cyst, rep-
resenting the scolex (Courtesy of Dr. Eduardo Moragrega 
Adame)       
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over the use of antiparasitic drugs (albendazole or 
praziquantel) still exists. Even though antihelmin-
thic drugs do reach the CNS and effectively attack 
the living cysticercus, damage due to the location 

of the cyst and local in fl ammation may be irrevers-
ible. For calci fi ed cysts with no living parasite, 
antihelminthic drugs may be ineffective. In patients 
with viable lesions, evidence from trials suggests 
albendazole may reduce the number of lesions. In 
trials of nonviable lesions, seizure recurrence was 
substantially lower with albendazole treatment. 
Steroids may reduce headaches during treatment 
and probably toxin-related in fl ammation, but fur-
ther research is needed to test this  [  45  ] .  

   Focal Points 

 It is important to consider the following guide-
lines during surgery  [  46  ] :

   A vitrectomy or vitrectomy lensectomy is advis-• 
able whenever the vitreous or the lens is opaque.  
  A vitrectomy is indicated to liberate retinal • 
traction or macular folds.  
  A scleral buckle is performed in the presence • 
of rhegmatogenous retinal detachment.  
  A vitrectomy and scleral buckle are indicated • 
in the presence of considerable traction.  

  Fig. 3.8    ( a ) Image of an intraocular cysticercus located 
at the optic nerve producing a retinal detachment. ( b ) 
Enlarged view of cysticercus scolex. ( c ) Fibrous capsule 
encircling an eosinophilic mass with some parasitic 

 elements, surrounded by a polimorphonuclear in fi ltrate 
and a layer of granulomatous-type in fl ammatory response 
(Courtesy of Abelardo A. Rodríguez-Reyes, M.D. and 
Alfredo Gómez Leal, M.D.)       

  Fig. 3.9    Gross specimen shows a retinal detachment, 
lens opaci fi cation, in fl ammatory process in the vitreous 
cavity, cyclitic membrane, iris atrophy with anterior syn-
echiae closing the anterior chamber angle, and partial 
atrophy of the ciliary body (Courtesy of Abelardo A. 
Rodríguez-Reyes, M.D. and Alfredo Gómez Leal, M.D.)       
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  An in fl ammatory response to toxins may be • 
present if destruction of the cyst occurs inside 
the eye.  
  A posterior vitreous cortex removal is indi-• 
cated to prevent contraction in the future.  
  Topical, periocular, and even oral steroids, as • 
well as mydriatic agents, are needed to control 
the in fl ammatory response after the surgery.    
 Every case of intraocular cysticercosis repre-

sents a poor visual prognosis. If the parasite is 
located in the vitreous cavity or the subretinal 
space and it is not removed, a loss of visual func-
tion ensues after a period of 3–5 years  [  47  ] . In 
the absence of treatment, the cysticercus may 
increase in size, release toxins, and provoke an 
intense in fl ammatory reaction that eventually 
destroys other ocular structures.      
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  Abstract 

 Ocular toxocariasis is an uncommon worldwide parasitic infection that 
affects mostly children and is found in both rural and metropolitan areas. 
In many parts of the world, parasitic infections of the eye are a major cause 
of blindness. The diagnosis of toxocariasis is essentially clinical, based on 
the lesion morphology and supportive laboratory data such as serum 
ELISA titers and ELISA  Toxocara  titers on aqueous humor; other diag-
nostic methods are imaging studies including optical coherence tomogra-
phy (OCT),  fl uorescein angiography (FA), computed tomography (CT) 
scan, and ocular ultrasound. Treatment is directed at complications arising 
from intraocular in fl ammation and vitreous membrane traction. Early vit-
rectomy may be of value both diagnostically and therapeutically.  

  Keywords 

 Infectious uveitis  •  Nematode intraocular infections  •  Ocular toxocariasis  
•  Retinochoroidal granuloma  •   Toxocara canis   •   Toxocara cati   •  Toxocariasis 
epidemiology      

   Introduction 

 In many parts of the world, parasitic infections of 
the eye are a major cause of blindness  [  1  ] . Human 
toxocariasis is probably one of the widest spread 
zoonotic nematode infections, and it is consid-
ered one of the most prevalent helminthiasis in 
industrialized countries  [  2,   3  ] . The nematodes 
 Toxocara canis  and  Toxocara cati  are parasitic 
roundworms that infect dogs (toxocariasis), other 
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canidae, and cats. Ocular toxocariasis (OT) is an 
uncommon worldwide infection caused by the 
nematode larvae of  T. canis , commonly found in 
dogs  [  1  ] . 

 Nematodes were  fi rst recognized as pathogens 
in the posterior segment of the eye by Wilder in 
1950. In 1952, Beaver and associates described 
the association of  Toxocara  species with human 
disease  [  1,   4  ] . The main source of human infec-
tion is considered to be environmental contamina-
tion by  Toxocara  spp. eggs, especially in public 
areas of large urban centers, such as parks and 
gardens frequented by dogs and cats as well as 
humans  [  2,   5  ] . The epidemiology of toxocariasis 
in different regions has been studied; an associa-
tion between the higher frequency of seroreactiv-
ity to  T. canis  antibodies in humans and 
socioeconomic variables, such as educational 
level, family income, water treatment, and contact 
with soil, has been observed  [  2  ] . It usually affects 
young children, and it may cause a wide spectrum 
of ocular disease from an asymptomatic posterior 
granuloma to total retinal detachment  [  1,   6  ] . 
However, ocular infection appears to be much less 
common than systemic infection  [  7  ] . 

 The objective of this chapter is to describe the 
posterior pole manifestations of ocular toxocari-
asis as well as its pathogenesis, epidemiology, 
diagnosis, and current management.  

   Pathogenesis and Life Cycle 

 The  fi rst complete description of the  T. canis  life 
cycle (Fig.  4.1 ) was provided by Sprent in 1958. 
This canine roundworm shares certain character-
istics with the feline roundworm  T. cati  and with 
the human roundworm  Ascaris lumbricoides   [  1  ] . 
Dogs may acquire the intestinal infection in  fi ve 
different ways: (1) by ingestion of infective 
embryonated eggs with stage 1 larvae encapsu-
lated inside, (2) by ingestion of infective second-
stage larvae infesting the meat of a rodent, (3) by 
ingestion of advance-stage larva from the feces 
or vomit of prenatally infected pups, (4) by 
 transmammary passage of larvae in milk from a 
lactating bitch to nursing puppies, and (5) by 

transplacental migration. In cats, transplacental 
migration has not been proved  [  8  ] . Ingested 
 Toxocara  eggs, with  fi rst- and second-stage lar-
vae emerge in the duodenum, and liberate the 
third-stage larvae, which perforate the intestinal 
wall  [  1,   8  ] . Once located in the intestinal wall, the 
larvae pass through the portal circulation and 
migrate via the liver and heart to alveolar capil-
laries. In puppies, which are more frequently 
infected, the larvae are able to complete a migra-
tory and developmental cycle. The worms hatch 
and migrate through the portal system and 
undergo transtracheal migration. The third-stage 
larvae are coughed up and aspirated, and they 
mature into sexually differentiated forms in the 
small bowel. If the host is an older puppy or an 
adult dog, particularly with some immunity 
acquired from past infection, the larvae do not 
complete the lung migration. Most puppies 
acquire the infection prenatally. However, they 
generally expel the worms before reaching adult-
hood  [  8  ] .  

 In common with other non-canine or non-
feline hosts, humans can be paratenic hosts for 
 T. canis  or  T. cati  and can become infected after 
the ingestion of infective ova or, less frequently, 
larvae. Ova hatch in the intestine, releasing the 
second-stage larvae, which migrate throughout 
the soft tissues of the body, including the 
brain, for prolonged periods of time  [  4  ] . They 
are often associated with migratory tracks 
 characterized by hemorrhage, necrosis, and 
in fl ammation, with eosinophils predominating. 
Larvae may become encapsulated within granu-
lomas where they are either destroyed or persist 
in a viable state for many years. In the eye, 
where the migration of a single larva can be 
observed, the in fl ammatory response can lead 
to partial or total retinal detachment with visual 
loss  [  3  ] . It appears from histological evidence 
that it is more likely that larvae travel in blood 
vessel rather than by burrowing (Fig.  4.2a, b, c ). 
It is probably by transport within blood vessels 
that the larvae reach the eye  [  7  ] . The host 
immune responses to migrating larvae appear to 
be directed against the larval excretory- secretory 
antigens (TES-Ag)  [  3  ] . These antigens are 
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released by larvae from their epicuticle, which 
is readily sloughed off when bound by speci fi c 
antibodies  [  3,   9  ] .  

  Toxocara  larvae secrete and excrete prod-
ucts that are highly immunogenic, which pro-
motes a Th2-type cellular immune response, 
leading to the production of interleukins 4 and 5 

and causing IgE antibody production and 
eosinophilia  [  10  ] . The relative importance of  T. 
canis  and  T. cati  in causing eye disease has 
been a matter of debate, and the mechanism by 
which larvae in tissues are killed and  eliminated 
is not known until now, but there are many 
hypotheses about it.  

  Fig. 4.1    Toxocara life cycle. ( A )  Toxocara canis  accom-
plishes its life cycle in dogs, with humans acquiring the 
infection as accidental hosts. ( B ) Unembryonated eggs are 
shed in the feces of the de fi nitive host. Eggs embryonate 
and become infective in the environment. ( C  and  D ) 
Following ingestion by dogs, the infective eggs hatch and 
larvae penetrate the gut wall. In younger dogs, the larvae 
migrate through the lungs, bronchial tree, and esophagus; 
adult worms develop and oviposit in the small intestine. 
( E and F ) In older dogs, patent infections can also occur, 
but larval encystment in tissues is more common. Encysted 
stages are reactivated in female dogs during late preg-
nancy and infect by the transplacental and transmammary 
routes the puppies, in whose small intestine adult worms 
become established. Puppies are a major source of envi-
ronmental egg contamination. ( G )  Toxocara canis  can 
also be transmitted through ingestion of paratenic hosts: 

eggs ingested by small mammals (e.g., rabbits) hatch and 
larvae penetrate the gut wall and migrate into various tis-
sues where they encyst. ( H ) The life cycle is completed 
when dogs eat these hosts and the larvae develop into egg-
laying adult worms in the small intestine. ( I  and  J ) Humans 
are accidental hosts who become infected by ingesting 
infective eggs in contaminated soil or infected paratenic 
hosts. ( K ) After ingestion, the eggs hatch and larvae pen-
etrate the intestinal wall and are carried by the circulation 
to a wide variety of tissues (liver, heart, lungs, brain, mus-
cle, eyes). While the larvae do not undergo any further 
development in these sites, they can cause severe local 
reactions that are the basis of toxocariasis. The two main 
clinical presentations of toxocariasis are visceral larva 
migrans and ocular larva migrans. Diagnosis is usually 
made by serology or the  fi nding of larvae in biopsy or 
autopsy specimens       
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   Clinical Manifestations 

 The clinical manifestations of toxocariasis are 
determined by the size of the  Toxocara  inoculum, 
frequency of reinfection, organ localization of 
the larvae, and host response  [  10,   11  ] . The spec-
trum of clinical manifestations varies widely, 
ranging from predominantly asymptomatic cases 
to those with severe organ injury  [  10  ] . 

 There exist three essential clinical types of 
human toxocariasis:
    1.    Visceral larva migrans syndrome (VLM) is 

due to severe systemic infestation leading to 
fever, hepatosplenomegaly, pneumonitis, and 
convulsions. Serum IgE may be elevated, 
and the blood exhibits substantial eosinophilia 
and leukocytosis, and affects primarily 1- to 
5-year-old children  [  10,   12  ] .  

    2.    Ocular larva migrans syndrome (OLM) is most 
commonly seen in otherwise healthy patients, 
manifesting itself into three clinical types that 
were    classi fi ed by Wilkinson and Welch: periph-
eral in fl ammatory mass type (Fig.  4.3 ), poste-
rior pole granuloma type (Figs.  4.4a, b  and 
 4.5a, b ), and diffuse nematode endophthalmitis 
 [  12–  15  ] . Ocular larva migrans syndrome occurs 
in children generally older than 8 years of age 
 [  10  ] . These patients have a normal white blood 
count, normal serum IgE, and show no eosino-
philia  [  12  ] .     

    3.    Covert toxocariasis has been diagnosed in 
patients who do not fall into the VLM or OLM 

categories but instead reveal vague symptom-
atology. Raised levels of  Toxocara  antibodies 
have been implicated in signs and symptoms, 
such as hepatomegaly, cough, sleep distur-
bances, abdominal pain, headaches, and 
behavioral changes  [  12  ] .     
 There are two forms of ocular  Toxocara , vis-

ceral and ocular, that cause an infection with 
potentially serious consequences for vision  [  13  ] . 
Covert toxocariasis has not been recognized to 
show ocular manifestations in previous reports. 

 Probably, the most common presentation of 
OT is the granuloma found in the posterior pole 
or at the periphery  [  13  ] . There is a high propor-
tion of unilateral ocular infection with mild ocu-
lar in fl ammation in more of 50% of cases, but it 
may also be a bilateral disease particularly in the 

  Fig. 4.2    ( a ) Retrolental intravitreal  fi broin fl ammatory 
mass with retinal detachment. ( b ) Intravitreal mass com-
posed of  fi broin fl ammatory cells with plasma cells, 

eosinophils, and  fi brous tissue surrounding a nematode of 
 Toxocara canis . ( c ) Partially well-preserved nematode of 
 Toxocara canis  (Courtesy of Dario Savino-Zari, M.D.)       

  Fig. 4.3    Peripheral in fl ammatory mass type in a patient 
with  Toxocara canis        
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chronic form  [  14,   16  ] . In addition, there is recur-
rence in more of 30% of patients  [  17  ] . Some 
reports have identi fi ed that  Toxocara  granuloma 
was located in the peripheral retina between 50% 
and 64%, posterior pole granuloma between 25% 
and 36% of cases  [  14,   17  ] , and endophthalmitis 
presentation was identi fi ed in less than 25% of 
cases  [  17  ] . 

 Most cases of OT have less than 20/40 of visual 
acuity (VA) at presentation, with a median VA in 
eyes with endophthalmitis between 20/200 and 
20/400, in eyes with peripheral granuloma a median 
of 20/70, and in eyes with a posterior pole granu-
loma a median of 20/50  [  17  ] . The peripheral retina 
and vitreous sites are the most common; however, 
those may occur separately or together  [  1  ] . 

 A hazy, not well-de fi ned white lesion may be 
seen in the posterior pole or in the periphery, and 
different degrees of vitritis may be present. As 
the in fl ammation resolves, a peripheral elevated 
white mass usually is seen, typically associated 
with retinal folds extending toward the macula 
 [  1,   18  ] . Sometimes, the granuloma presents 
 posteriorly as an intraretinal or subretinal mass 
(Fig.  4.6a, b ). Endophthalmitis usually presents 
with a quiet external eye with little pain but a 
severe vitreous in fl ammation, a mild anterior 
chamber reaction, and often a secondary cataract 
 [  1  ] . The intraocular in fl ammation may lead to 
macular detachment through either direct vitreo-
macular traction or epiretinal membrane, creat-
ing a macular pucker (see Fig.  4.4a ). Traction 

  Fig. 4.4    ( a ) Posterior pole granuloma with secondary 
 fi brocellular membranes extending into the optic nerve, 
vitreous, and surrounding retina in an 8-year-old boy with 
 Toxocara canis.  ( b ) Optical coherence tomography reveals 

a characteristic hyper-re fl ectivity of the internal layers of 
the retina with tractional macular detachment and poste-
rior shadowing of the choroid       

  Fig. 4.5    ( a  and  b ) Two patients with posterior pole granuloma and tractional retinal detachment due to  Toxocara canis  
(Fig.  4.5a , courtesy of Endalup Reyes, M.D., and Martin A. Serrano, M.D.)       
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also may lead to retinal breaks in atrophic retina, 
creating a combined tractional-rhegmatogenous 
detachment  [  19  ] . An optic papillitis also can 
occur, usually because of an invasion of the nerve 
by the nematode or as an in fl ammatory response 
to the organism in another site of the eye  [  1  ] .   

   Epidemiology 

 Uveitis is a common cause of vision loss, account-
ing for 5–20% of all cases of blindness world-
wide  [  17  ] . Toxoplasmosis is the most common 
etiology of infectious posterior uveitis and hav-
ing OT as one of the less frequent cause  [  20  ] . 
However, the study of the epidemiology of human 
toxocariasis remains problematic for a number of 
reasons. First, much of the epidemiology of 
human toxocariasis is based on serodiagnosis, 
which has inherent problems, and our under-
standing of the relationship between exposure 
and disease remains poor. Second, the lack of 
standardization of both clinical signs and symp-
toms and serological testing can introduce varia-
tion between studies and make comparisons 
dif fi cult. Third, randomly selected data at the 
population level is scarce, and therefore, it is 
dif fi cult to assess the public health signi fi cance 
of disease in different countries  [  4  ] . 

 The prevalence of infection of dogs with 
adult  Toxocara  worms was reported to be about 
25% in Western countries  [  3,   21  ] , while the 

rate in cats in France was 30–60%  [  3  ] . The 
prevalence of infection tends to decrease with 
increasing age of the animal and is lower in 
well-cared-for pet dogs than in stray or pound 
dogs. This high prevalence, together with the 
high fecundity of  Toxocara  and the increasing 
number of pet animals in Western countries, 
explains the high level of soil contamination 
with  Toxocara  eggs in parks, playgrounds, and 
other public places  [  3  ] . 

 Recent studies have demonstrated that soil 
samples taken from gardens of homes where a 
clinical case of toxocariasis is found are likely to 
be contaminated.  Toxocara  eggs have been 
recovered from salads and other raw vegetables 
taken from such gardens  [  3  ] . Geophagia or soil 
eating is a speci fi c type of  pica  that increases the 
risk of toxocariasis, especially in children living 
in homes with puppies that have not been 
dewormed. Poor personal hygiene as well as 
consumption of raw vegetables grown in con-
taminated kitchen gardens may result in chronic 
low-dose  infections  [  3  ] . 

  Toxocara  seroprevalences range from 4% to 
46% in adults and can be as high as 77.6% in 
school children  [  22  ] , and the disease affects 
females and males with approximately equal fre-
quency  [  17  ] . In the United States, the overall 
prevalence was found to vary between 4.6% and 
7.3%, but ranged as high as 10% in the American 
South and over 30% for socioeconomically dis-
advantaged African American children. Higher 

  Fig. 4.6    Posterior pole granuloma superior to the optic 
disk with secondary  fi brocellular membranes extending 
into the optic nerve, vitreous, and surrounding retina in a 

10-year-old boy with  Toxocara canis.  ( a ) Color photo-
graph. ( b ) Fluorescein angiogram       
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seroprevalence was also linked to markers of low 
socioeconomic status, including poverty and 
crowding and lower educational level for head of 
household  [  23,   24  ] . In 2008, the Centers for 
Disease Control and Prevention (CDC) in the 
United States reported on  Toxocara  seropreva-
lence from the Third National Health and 
Nutrition Examination Survey (NHANES III), a 
cross-sectional survey conducted between 1988 
and 1994. The survey sampled at higher rates 
speci fi c minority groups (e.g., non-Hispanic 
Blacks and Mexican Americans) and age groups 
(young children and the elderly). Based on a rep-
resentative sample of just over 20,000 in individ-
uals over the age of 6, the overall seroprevalence 
was 13.9%  [  23,   25  ] , suggesting that ten million 
Americans are infected with  Toxocara.  However, 
the seroprevalence was found to be considerably 
higher among non-Hispanic Blacks and people 
living in poverty. 

 Based on the number of African Americans 
living in poverty in the United States, it has been 
calculated that as many as 2.8 million have toxo-
cariasis, making this disease one of the most 
common infections among any underrepresented 
minority groups  [  23  ] . In a separate study con-
ducted in the 1990s, high rates of toxocariasis 
were also found among inner-city Hispanic pop-
ulations in Bridgeport and New Haven, 
Connecticut, especially among Puerto Rican 
immigrants  [  23,   26  ] . On the other hand, unlike 
previous reports in other countries, most patients 
reported with ocular toxocariasis in Japan are 
adult, and this prevalence may be due to the 
changing dietary habit in that country  [  14  ] .  

   Diagnosis 

 The diagnosis of OT is dif fi cult and, in the major-
ity of cases, remains only presumptive. Standard 
diagnostic methods for ocular  Toxocara  are fun-
doscopy, imaging, and serologic testing  [  13  ] . 

 Most patients with visceral larva migrans will 
manifest a leukocytosis and hypereosinophilia. 
On the other hand, eosinophilia is usually absent 
in OT. Tissue biopsy can show the presence of 
larvae, but because the larvae rarely are able to 

 fi nish their life cycle in human beings, stool 
analysis will not detect  Toxocara   [  1  ] . In the 
absence of parasitological evidence of infection, 
diagnosis of toxocariasis has relied mainly on 
immunological methods  [  10,   27  ] . Thus, the 
 Toxocara  excreted-secreted antigens (TES) have 
been applied to different immunological assays. 
The TES-based enzyme-linked immunosorbent 
assay (ELISA) for detection of IgG-speci fi c anti-
bodies, in particular, is widely preferred for 
diagnostic purposes and also for seroepidemio-
logic surveys  [  10  ] . 

  Toxocara  is a parasite with the ability to evade 
the immune system, which could explain the 
chronicity and persistence of the infection  [  10  ] . 
The ELISA has made immunodiagnosis the main 
serologic method for detecting visceral larva 
migrans and for con fi rming the clinical suspicion 
of OT  [  1  ] . Moreover, measurement of avidity 
(functional af fi nity) of speci fi c IgG antibodies 
seems to be useful to discriminate between 
chronic and early phases of the infection, as in 
the case for other infectious diseases. In other 
words, high avidity IgG antibodies are associated 
with the chronic phase low avidity (functional 
af fi nity) of speci fi c IgG antibodies that are asso-
ciated with the chronic phase and low avidity IgG 
with freshly acquired toxocariasis. There are few 
follow-up studies of toxocariasis patients after 
chemotherapy, but it has been reported that 
speci fi c IgG antibody levels remain elevated for 
many years  [  10  ] . In toxocariasis, speci fi c IgM 
antibodies were reported to occur in both acute 
and chronic phases, differing from most unre-
lated infections in which they are transient  [  10  ] . 
Lately, IgA and IgE have been found to be useful 
for diagnosis and follow-up of toxocariasis. 

 For VLM and some forms of covert toxocari-
asis, the sensitivity and speci fi city of the  Toxocara  
ELISA are estimated at 78% and 92%, respec-
tively, at a titer of 1:32  [  23  ] . The sensitivity of the 
ELISA for OLM, however, is considerably less. 
The larvae may remain alive within the host for 
months, and host antibody levels may remain 
strongly positive for 2 or 3 years or more  [  23, 
  25  ] . Therefore, in the CDC, the presence of anti-
body titers greater than 1:32 may be considered 
re fl ective of active infection  [  23  ] . 
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 The presence of any level of antibodies in the 
serum is therefore likely to support the diagnosis 
of  Toxocara  uveitis if the clinical picture raises 
this possibility. However, most ophthalmologists 
consider a serum titer of   ³  1:8 to be positive for 
OT if the patient has clinical features consistent 
with the diagnosis  [  7,   28  ] . On the other hand, the 
absence of serum antibodies does not rule out the 
diagnosis  [  17  ] . 

 The possibility that  T. cati  might play a part in 
causing ocular lesions has been raised by 
Petithory et al., who reported positive ELISA test 
for  T. cati  in the vitreous of six out of nine patients 
with OLM, all nine of whom also had positive 
vitreous  T. canis  ELISA tests  [  29  ] . Therefore, 
testing intraocular  fl uid for antibodies has also 
been shown to be helpful in diagnosing toxocari-
asis. These samples often contain higher levels of 
antibody than the serum  [  17,   30  ] . Taking into 
account that establishing the diagnosis of OT 
based on clinical features and serologic results is 
unreliable, we suggest the addition of  T. canis  
and  T. cati  Goldmann-Witmer coef fi cient (GWC) 
determination to the diagnostic repertoire in 
patients with unexplained focal chorioretinitis or 
vitritis  [  22  ] . Cytology of the aqueous or vitreous 
may play a role in the differentiation between 
retinoblastoma and  Toxocara  posterior pole gran-
uloma in children. The presence of eosinophils in 
aqueous or vitreous biopsy specimens also sug-
gests the diagnosis to toxocariasis  [  31  ] . 

 Imaging studies, particularly ultrasound 
examination and computed tomography (CT), 
are useful. Three ecographic patterns in 11 
patients with OT were reported  [  31,   32  ] : (1) a 
solid, highly re fl ective peripheral mass (located 
in the temporal periphery in 91%) of patients, (2) 
a vitreous membrane extending between the pos-
terior pole and the mass, and (3) traction retinal 
detachment or fold from the posterior pole of the 
mass (Fig.  4.7 ). Also described was pseudocystic 
transformation of the peripheral vitreous on ultra-
sound biomicroscopy. Intraocular calci fi cation is 
not uniformly present, but may be seen in eyes 
with ocular toxocariasis with signi fi cant ocular 
disruption or phthisis  [  31  ] .  

 Recently, it was demonstrated that optical 
coherence tomography (OCT) is useful for the 

differential diagnosis between  Toxocara  granu-
loma that have subretinal extension and idio-
pathic choroidal neovascularization in the active 
stage. In general, OCT examination demonstrates 
a  Toxocara  granuloma as a highly re fl ective mass, 
protruding above the retinal pigment epithelium, 
and sometimes surrounded by subretinal  fl uid 
(see Fig.  4.4b )  [  13,   33,   34  ] .  

   Differential Diagnosis 

 Patients with OT will often seek treatment 
because of leukocoria. The differential diagnosis 
of OT varies with the clinical presentation of the 
disease. It includes retinoblastoma (RB), retin-
opathy of prematurity (ROP), congenital cata-
racts, persistent fetal vasculature, infectious 
endophthalmitis, various forms of trauma, and 
the general groups of severe exudative and hem-
orrhagic retinopathies, which may present a simi-
lar clinical picture  [  1  ] . 

 As RB is the most common malignant intraoc-
ular neoplasm of childhood, it is critically impor-
tant to distinguish it, particularly the sporadic, 
unilateral variant, from OT. Factors that may be 
helpful in making this distinction include the fol-
lowing: (1) mean age at presentation for OT, 7.5–
8.9 years, versus for RB, 22–23 months; (2) 
paucity of in fl ammatory stigmata in RB; and (3) 
continuous growth of RB lesions. Furthermore, 
normal levels of aqueous humor lactate dehydro-
genase and phosphoglucose isomerase, the dem-
onstration of eosinophils in vitreous or aqueous 
aspirates, and absence of malignant cells favor a 
diagnosis of OT  [  31  ] . 

 Infectious endophthalmitis is distinguished by 
the history of recent trauma or ocular surgery. 
Acute signs of external in fl ammation typical for 
bacterial endophthalmitis are uncharacteristic in 
toxocariasis. However, a delayed onset with less 
virulent bacterial or fungal organisms needs to be 
differentiated. Vitreous or aqueous sampling for 
microscopic examination and microbiologic 
studies should provide a de fi nitive diagnosis in 
these cases. Endogenous endophthalmitis usually 
occurs in the setting of immunode fi ciency and 
positive blood cultures  [  8  ] . 



554 Posterior Pole Manifestations of Toxocariasis

 Differentiation between active toxoplasmic 
retinochoroiditis and toxocariasis may be 
dif fi cult, particularly when severe vitritis is pres-
ent. Serologic studies for toxoplasmosis should 
provide the diagnosis information  [  8  ] . 

 Other pediatric conditions such as ROP, famil-
ial exudative vitreoretinopathy (FEVR), persis-

tent fetal vasculature, and Coats’ disease usually 
present neonatally or in early infancy and lack the 
signs of in fl ammation of the posterior segment. 
Retinopathy of prematurity is bilateral, encoun-
tered in infants with a history of prematurity 
and low birth weight, and characterized by 
proliferative changes and membrane  formation. 

  Fig. 4.7    Two different cases demonstrating the ultra-
sound characteristics of advanced ocular toxocariasis. 
( a ) A solid, highly re fl ective peripheral mass and a vitre-
ous membrane extending between the posterior pole and 

the mass. ( b ) A tractional retinal detachment at the poste-
rior pole from the mass (Courtesy of Guillermo Talevi, 
M.D., and Carina Tallano, M.D.)       

 



56 J.F. Arévalo and J.V. Espinoza

Persistent fetal vasculature is congenital, unilateral, 
and associated with micro-ophthalmia. The charac-
teristic morphology includes that of a  fi brovascular 
stalk from the disk to the posterior lens surface, 
forming a retrolental  fi brovascular mass causing 
ciliary body traction. Coats’ disease is a unilat-
eral condition occurring almost exclusively in 
young males. This is characterized by a white, 
 fi brotic subretinal mass in the posterior pole due 
to chronic subretinal lipid deposition. There are 
typical peripheral vascular telangiectasia and 
lipid exudation with an absence of epiretinal 
membrane formation  [  8  ] .  

   Management 

 Speci fi c treatment varies greatly depending on 
the severity of the disease process. The manage-
ment of the systemic form of toxocariasis 
includes the use of anthelmintic agents, antibi-
otics, or steroids  [  1,   28  ] . In patients with OT, 
the visual potential of the eye, the amount of 
active in fl ammation, and the macular damage 
must be considered. Therapy is directed at the 
in fl ammatory response to prevent in fl ammation-
induced tissue injury and secondary membrane 
formation. The in fl ammation is treated with 
corticosteroids, either topically or periocularly. 
Systemic prednisone administered at a rate of 
0.5–1 mg/kg/day may be added. 

 Anthelmintics have been used to destroy via-
ble nematodes and eliminate further migration 
of the larvae, but the parasites may persist 
despite treatment  [  1  ] . Though numerous anthel-
mintics have been tested in animal models, con-
trolled randomized studies have rarely been 
conducted in humans  [  3  ] . Magnaval and 
Glickman have recommended that all cases of 
VLM should be treated with anthelmintics; they 
showed similar ef fi cacies of mebendazole (57%), 
diethylcarbamazine (57%), albendazole (53%), 
and thiabendazole (47–50%), but moderate 
ef fi cacy of ivermectin for the treatment of human 
toxocariasis  [  3,   12  ] . Thiabendazole shows negli-
gible  larvicidal effects in mice and has a prob-
lem in safety, since adverse effects and liver 

dysfunction occur with a high incidence. In a 
controlled study, Stürchler et al. reported that 
albendazole showed a better ef fi cacy for the 
treatment of OLM when compared to thiabenda-
zole, with milder side effects  [  35  ] . In addition, 
albendazole crosses the blood-brain barrier 
and has a proven potential for destroying larval 
stages of  Toxocara spp . located in the tissues 
of the paratenic and  fi nal host  [  12  ] . Diethyl-
carbamazine, if available, is probably more 
effective than albendazole; however, its associa-
tion with gastrointestinal upset and leukopenia 
(especially in immunocompromised persons) 
must be borne in mind  [  4  ] . 

 Treatment with anthelmintics can lead to 
severe hypersensitivity reactions caused by dying 
larvae  [  36  ] . Signi fi cant allergic or in fl ammatory 
reactions can be suppressed with systemic or 
local corticosteroids. There is no risk of enhanc-
ing the infection, as the larvae cannot multiply 
 [  12  ] . Thiabendazole is recommended to be given 
orally every day in doses of 25–50 mg/kg/day for 
7 days, mebendazole’s best therapeutic schedule 
is 20–25 mg/kg/day for 3 weeks, and albendazole 
is recommended at 10 mg/kg/day for 5 days  [  3  ] . 
Selection of speci fi c drugs depends on several 
factors, including the physician’s previous expe-
rience in treating toxocariasis and whether they 
are locally licensed and available for use. Clearly, 
there is a need to standardize treatment, where 
possible, and to adopt a scoring system to quan-
tify clinical severity so that treatment ef fi cacy 
can be assessed  [  4  ] . 

 Peripheral granulomas may be treated with 
other modalities that include laser photocoagula-
tion; however, any laser procedure may incite an 
extensive in fl ammatory response in a uveitic eye 
 [  3,   19  ] , and for this reason, combination with ste-
roid therapy to reduce the in fl ammatory response 
should be considered. Ocular granulomas can be 
treated with cryotherapy as well  [  3,   37  ] ; in chil-
dren, this procedure is performed under general 
anesthesia associated to peribulbar anesthesia for 
intraoperative and postoperative pain control. 
Cryotherapy is applied directly to the areas of 
exudation at the pars plana using a double freeze-
thaw technique, and periocular steroids should be 
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administered after the procedure. In cases of 
residual activity, cryotherapy may be repeated in 
3–4 months  [  19  ] . 

 Visual loss may result not only from sub-
macular granuloma itself. Intraocular 
in fl ammation may lead to macular detachment 
through either direct vitreomacular traction or 
epiretinal membrane (ERM), creating a macu-
lar pucker that can be demonstrated by OCT 
(see Fig.  4.4 )  [  19,   38  ] . Traction also may lead 
to retinal breaks in atrophic retina, creating a 
combined tractional-rhegmatogenous detach-
ment as previously stated. A pars plana vitrec-
tomy (PPV) may be bene fi cial for patients who 
have not had a satisfactory response to medical 
treatment or for those who have marked vitre-
ous  fi brosis and tractional complications  [  19, 
  39  ] . The  fi brous membranes located between 
the peripheral granuloma and the optic disk 
usually have extensions into the underlying 
retina and need to be carefully lifted off from 
the retinal surface before they can be severed. 
These membranes usually remain tightly adher-
ent to the optic disk and the peripheral granu-
loma. They often need to be circumcised rather 
than delaminated or peeled. Granulomas seem 
to be an intimal part of the retina; therefore, 
attempts to extirpate the retinal granuloma usu-
ally are unsuccessful and may cause undesir-
able complications. Therefore, the granulomas 
are left in place  [  19,   40  ] . 

 The results of modern vitreoretinal surgery, in 
which epiretinal as well as subretinal components 
of the granuloma are removed by PPV and retin-
otomy techniques, are reported to provide 
achievement of macular or complete retinal reat-
tachment in rates up to 100% and 83%, respec-
tively  [  41  ] . Additionally, visual improvement 
after PPV is obtained in 50–66% of cases in some 
reports  [  6,   41–  43  ] . Preoperative VA and the pres-
ence of tractional retinal folds through the macula 
affect visual outcome  [  41,   42  ] . Even in eyes with 
chronic tractional retinal detachment, intense 
anti-in fl ammatory and orthoptic treatment fol-
lowing surgery can provide ambulatory vision. 
Pars plana vitrectomy in some cases can also pro-
vide diagnostic clues  [  41  ] .  

   Controversies and Perspectives 

 It is dif fi cult to establish the diagnosis of OT 
based on clinical manifestations solely because 
ocular symptoms may be diverse and in fl ammatory 
signs such as redness and pain are not always 
present. The diagnosis of OT is often made coin-
cidentally in eyes without in fl ammation, for 
instance, during an evaluation for strabismus, in 
cases of decreased vision, or while undergoing a 
routine examination  [  22  ] . Biopsies are rarely per-
formed, and infection is undetectable in clinically 
asymptomatic cases. Thus, the sensitivity and 
speci fi city of serological tests must be improved. 

 Although  T. canis  is a parasite of dogs, it can 
be dif fi cult to distinguish from  T. cati , a similar 
parasite of cats; therefore, exposure to both dogs 
and cats is considered relevant to the condition, 
and the children are often described to be 
geophagic  [  17  ] . Because  T. canis  is much more 
prevalent in puppies than in adult dogs, the stan-
dardized uveitis questionnaire completed by all 
patients must ask about exposure to puppies (or 
kittens) instead of adult animals  [  17  ] . The possi-
bility that  T. cati  might play a part in causing ocu-
lar lesions has been raised by Petithory et al. who 
reported positive ELISA tests for  T. cati  in the 
vitreous of six out of nine patients with OLM, all 
nine of whom also had positive vitreous  T. canis  
ELISA tests  [  7,   29  ] . However, it has been reported 
that standard ELISA tests use the antigen 
prepared from  T. canis  and show a high cross- 
reactivity between  T. canis  and  T. cati   [  44  ] . 

 The detection of speci fi c anti- Toxocara  IgG 
by ELISA does not appear to be useful for moni-
toring therapy. When ELISA antibody titers were 
compared between treated and untreated chil-
dren, the kinetics of speci fi c anti- Toxocara  IgG 
was not affected by anthelmintic treatment. 
Conversely, the speci fi c anti- Toxocara  IgE serum 
concentration does seem to decrease signi fi cantly 
posttreatment if it is markedly elevated prior to 
therapy, especially in atopic patients  [  3  ] . 
 Toxocara  antibody titers can remain positive in 
the absence of disease, and eosinophilia can take 
more than 2 years to decline to normal values. 
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ELISA has offered the best compromise until 
now with native proteins, but sensitivity and 
speci fi city are dictated by the manufacturer’s 
choice of target antigens and the quality control 
and quality assurance in place  [  4  ] . On the other 
hand, the absence of serum antibodies does not 
rule out the diagnosis  [  17  ] . Therefore, it has been 
suggested that sera should be tested at dilutions 
as low as 1:2 and not 1:8 as much of physician 
use  [  22  ] . Additionally, Magnaval et al. noted that 
eosinophil counts were useful markers in a post-
treatment follow-up study (except for ocular 
patients)  [  3  ] . 

 Testing intraocular  fl uids for antibodies has 
also been shown to be helpful in diagnosing toxo-
cariasis. These samples often contain higher lev-
els of antibody than the serum  [  17  ] . Also, these 
intraocular  fl uids might play a role in the differ-
entiation between RB and  Toxocara  posterior 
pole granuloma in children. However, the deci-
sion to perform paracentesis should be made 
reluctantly, attributable to the risk of spreading 
malignant cells in case of RB  [  22  ] . 

 For the surgical treatment, Werner et al. have 
recommended that the removal of all components 
of a  Toxocara  granuloma can be successful in 
treating OT and is possible with PPV and subreti-
nal surgical techniques  [  39  ] . However, another 
report suggests that the posterior subretinal gran-
uloma should not always be removed in eyes with 
OT  [  38  ] . 

 The role of  Toxocara  infection in asthma is 
unclear. A notable association between asthma 
and recurrent bronchitis and  Toxocara  seroposi-
tivity was found in children aged between 4 and 
12 years in the Netherlands; and in a mouse 
model,  Toxocara  was found to provoke airway 
in fl ammation. However, other human studies in 
the United States failed to corroborate the asso-
ciation between asthma and  Toxocara  seroposi-
tivity  [  4,   26  ] . 

 While the NHANES studies indicate that 
toxocariasis continues to persist and is under-
recognized as a health problem, a full apprecia-
tion of the US and global burden of disease 
caused by toxocariasis demands improved 
serodiagnostic tools. In the United States, the 
enzyme immunoassay testing is not widely 

available because of the limited capacity for 
parasitic  disease diagnosis and the limited 
availability of antigen made from  T. canis  lar-
vae. In addition, the existing assays have a low 
sensitivity for detecting ocular larva migrans; 
therefore, some true cases remain undiagnosed 
and the approximations of national seropreva-
lence are underestimated  [  23  ] . A role for IgE 
antibody detection, particularly for posttreat-
ment follow-up, has already been identi fi ed, 
and the role of other bodily  fl uids, such as ocu-
lar  fl uids, for serology requires further 
investigation. 

 Further studies to improve diagnostic testing, 
treatment strategies, patient management, and 
expand epidemiologic surveillance should be con-
ducted in parallel with control and prevention 
efforts. These include periodic deworming of dogs 
and hand washing to prevent fecal oral contact, 
and case detection and treatment with anthelmintic 
(preferably albendazole). Better communication 
between clinicians and diagnostic laboratories is 
required so that time-course serostudies can be 
performed and investigations into antibody and 
antigen kinetics before, during, and after treatment 
can be undertaken and evaluated. Given the high 
prevalence of toxocariasis in areas of poor urban 
and rural hygiene, improved sanitation and access 
to clean water may also have important roles. 

 Currently, the best serodiagnostic options are 
using the IgG TES-ELISA as a screening test 
(with con fi rmation by IgE TES-ELISA) and 
TES-WB. Increased speci fi city can be achieved 
by using an IgG4 TES-ELISA, and IgG4 TES-WB 
could also be useful because it might provide fur-
ther discrimination after IgG TES-ELISA screen-
ing. Better insight into the signi fi cance of minor 
antibody isotypes can be provided by increasing 
TES coating concentration, although its useful-
ness could be outweighed in regions where poly-
parasitism is endemic  [  4  ] . 

 The differential diagnosis of OT is largely 
based on clinical characteristics, a history of 
prodromal visual and systemic symptoms, signs 
of in fl ammation, size and location of lesions, 
and including the course of the disease process. 
Optical coherence tomography has become a 
valuable ancillary diagnostic tool and can 
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 provide useful information on the morphological 
features associated to the disease. Cross-sectional 
OCT images may increase understanding of 
the pathophysiology of presumed subretinal 
 Toxocara  granulomas and help in the clinical 
management of the retinal complications related 
to this disease  [  13  ] . The  Toxocara  larva com-
monly migrates across the retina, and with the 
actual use of the OCT, Suzuki et al.  [  45  ]  have 
reported that the  Toxocara  larva most likely 
migrate in the nerve  fi ber layer in a case of pos-
terior pole  Toxocara  granuloma, and Higashide 
et al.  [  33  ]  demonstrated by OCT that the granu-
loma was located in the subretinal space and 
resembled choroidal neovascularization. Perhaps 
the pathology of a lesion migrating in the retinal 
surface is quite different from that of a subretinal 
lesion. 

 Pars plana vitrectomy is the choice of treatment 
to manage the in fl ammatory complications of OT 
and also has been considered as a tool of diagno-
sis, including in cases with chronic disease  [  41  ] . 
Recently, Arévalo and Garcia-Amaris  [  19  ]  have 
described a new surgical dissection technique 
called “En bloc per fl uorodissection” that facili-
tates removal of ERMs and the posterior hyaloid. 
It is performed by injecting per fl uorocarbon liquid 
(PCL) between the retina and the posterior hyaloid 
to separate both the posterior hyaloid and epireti-
nal tissues from the subjacent retina. This tech-
nique has demonstrated to be useful during 
vitrectomy in eyes with tractional retinal detach-
ment and severe OT (Figs.  4.8  and  4.9 ). Other 
advantages include retinal stability at the time of 
vitreous removal, better visualization of vitreous 
and intraocular structures, rapid retinal reattachment, 

  Fig. 4.8    Artist’s representation of surgical technique. 
( a ) After a core central vitrectomy, a hole is then made in 
the midperipheral posterior hyaloid. ( b ) Per fl uorocarbon 
liquid (PCL) is injected to mechanically and slowly sepa-
rate the posterior hyaloid from the retina. A viscodissector 
attached to a 5-mL syringe  fi lled with PCL to separate 

membranes from the underlying retina. ( c ) Once all the 
epiretinal tissues have been separated from the retina, vit-
rectomy is completed. ( d ) Endolaser is applied under PCL 
(shown). An air- fl uid and an air-silicone oil exchange are 
performed to  fi nish the case (not shown)       
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less blood in the vitreous cavity, subretinal  fl uid 
resolution, blood con fi nement, and easier dissec-
tion of ERMs.    

   Focal Points 

 Ocular toxocariasis is an uncommon worldwide 
ocular infection that affects mostly children. It is 
found in both rural and metropolitan areas. The 
most common route of infection is the ingestion 
of soil contaminated with  Toxocara  larva. In 
most cases, the course of the disease is mild, but 
the spectrum of clinical manifestations and 
severity is broad, and the potential for uniocular 
blindness due to this entity is well recognized. 
Consequently, to improve the prognosis, visual 

acuity screening in day-care centers and in 
schools may be critical to detect this disease in 
its early stages. 

 The diagnosis of toxocariasis is essentially 
clinical, based on the lesion morphology and sup-
portive laboratory data and imaging studies. 
Differentiation of OT from RB is critical. To 
avoid unnecessary enucleation of eyes with OT, it 
is imperative to establish an adequate correlation 
between the clinical  fi ndings and diagnostic 
methods including serum ELISA titers, radio-
logic evaluation by ultrasound, and CT scan, and 
also OCT could be a useful tool. It is of particular 
importance to perform ELISA  Toxocara  titers on 
aqueous and/or vitreous humor when the clinical 
diagnosis is not clear or when the serum ELISA 
is inconclusive. 

  Fig. 4.9    En bloc per fl uorodissection performed in a case 
of tractional retinal detachment in ocular toxocariasis. 
( a ) After a core central vitrectomy, a hole is then made in 
the midperipheral posterior hyaloid ( arrow ). ( b ) 
Per fl uorocarbon liquid (PCL) is injected to mechanically 
and slowly separate the posterior hyaloid from the retina 
( arrows ). A viscodisector attached to a 5 mL syringe fi lled 

with PCL is used to separate all the epiretinal tissues from 
the retina. ( c ) Once all the epiretinal tissues have been 
separated from the retina, vitrectomy is completed. 
( d ) Endolaser is applied under PCL (shown). An air- fl uid 
and an air-silicone exchange are performed to  fi nish the 
case (not shown)       
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 Treatment is directed at complications arising 
from intraocular in fl ammation and vitreous mem-
brane traction. Early vitrectomy may be of value 
both diagnostically and therapeutically. Early 
therapeutic vitrectomy is recommended based on 
the bene fi cial results obtained in several series of 
patients. If an early vitrectomy is performed, then 
analysis of ELISA titers and cytology of the vit-
reous humor should be performed for diagnostic 
purposes.      
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  Abstract 

 Ocular tuberculosis has been recognized from the nineteenth century 
onward due to the work of Gueneau de Mussy, Jaeger, Fraenkel, and 
Bouchut. Ocular tuberculosis had a high prevalence worldwide in the 
twentieth century, but this prevalence has reduced signi fi cantly in the 
western hemisphere, a decline that has paralleled the decline of tubercu-
losis as a common systemic infection. In recent times, the prevalence 
varies from 18% (Spain) to 1.39% (India). The advent of the human 
immunode fi ciency virus (HIV) epidemic has led to an increase in the prev-
alence of ocular tuberculosis to up to 23.5%. Manifestations vary depending 
upon the ocular tissue involved. The manifestations can either be due to 
direct tissue infection or be hypersensitivity reactions. Rare manifestations 
include the eyelids (lupus vulgaris), the conjunctiva (conjunctivitis), 
cornea (ulcers and phlyctenulosis), and the sclera (scleritis). The most 
common manifestations include uveal involvement in the form of tuber-
cles, tuberculomas, and serpiginous-like choroiditis. Other manifestations 
include orbital apex syndrome and lesions associated with neurotubercu-
losis (disc edema and sixth nerve palsies). The diagnostic workup of 
patients with suspected ocular tuberculosis has both systemic and ocular 
components. The systemic investigations include (1) radiography: (a) 
chest X-rays and computed tomography of the chest and (b) abdominal CT 
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scan or ultrasonography; (2) Mantoux testing; and (3) interferon- g (gamma) 
release assays (IGRA). Ocular investigations of ocular  fl uids or tissue 
biopsies include (1) microscopy, (2) culture, and (3) PCR (polymerase 
chain reaction) techniques. The treatment includes the use of topical, 
periocular, or systemic corticosteroids with a four-drug regimen of antitu-
bercular therapy.  

  Keywords 

 Mycobacterium  •  Tuberculosis  •  Ocular  •  Tubercles  •  Vasculitis  • 
 Choroiditis  •  Antitubercular therapy      

   Introduction 

 Tuberculosis or human infection with mycobac-
terium species has been reported since prehistoric 
times, but it needed the development of modern 
ocular diagnostic tools to identify ocular tubercu-
losis. Uveal tuberculosis in the form of tubercles 
was recognized in 1830 by Gueneau de Mussy 
and by Jaeger, who in 1855 described similar 
 fi ndings. Fraenkel (1867) described the clinical 
appearance of tubercles, and this work was carried 
on by Bouchut, Fraenkel, and Weiss. In the early 
twentieth century, Hoeve (1925), Bollack (1927), 
and Baldenweck (1938) laid the groundwork for 
the continued use of fundus examination in the 
diagnosis of miliary tuberculosis. 

 Treatment for tuberculosis in the pre-antibiotic 
era consisted of admission in sanatoriums, fresh 
air, exercise, and various pneumothorax surgeries, 
and these institutions reported large numbers of 
patients of ocular tuberculosis. Of the 10,524 
patients that Donoghue examined in the period 
1940–1966, he reported that 1.4% of them needed 
treatment for ocular tuberculosis  [  1  ] . Similarly, 
Illingworth, in an early meta-analysis of publica-
tions from 1913 to 1947, noted 206 cases of chor-
oidal tubercles in 737 patients (28%)  [  2  ] . 

 Simultaneously, tuberculosis was also the 
single most common etiological diagnosis in 
ophthalmology outpatient departments. In 1960, 
Woods suggested that at least 21.8% of patients 
presenting with posterior uveitis had ocular 
tuberculosis.  

   Current Epidemiology 

 The advent of improved public health measures 
and antitubercular therapy has led to a marked 
reduction in the rates of tuberculosis over the 
world, and this parallels the reported decline in 
the incidence of ocular tuberculosis. These 
declines are more marked in the developed world 
as compared to the developing world. 

 Data from several studies in recent times have 
documented the prevalence of ocular lesions in 
patients with systemic, largely pulmonary, tuber-
culosis. In a study from Spain, Bouza et al. exam-
ined 100 patients with culture-positive tuberculosis 
and found tubercular choroiditis (commonly), 
papillitis, retinitis, vitritis, and vasculitis in 18 
patients, suggesting a prevalence of as much as 
18%, but 11 of these patients had additional human 
immunode fi ciency virus (HIV) infection  [  3  ] . In 
India, lower prevalence rates were seen in a study 
of 1,005 patients, of whom 1.39% had ocular 
lesions  [  4  ] . Systemic dissemination has been 
reported to signi fi cantly increase the likelihood of 
ocular lesions to as much as up to 60%  [  5  ] . 

 Tuberculosis is also less prevalent as an 
etiologic agent in patients with intraocular 
in fl ammation in developed countries. This may 
result from a reduced prevalence of tuberculosis 
but is also due in part to awareness of other 
etiologies and better diagnostic techniques. 
Tuberculosis was found to be responsible for 
0.2% of cases of posterior uveitis and in no cases 
of anterior uveitis in Southern California  [  6  ] . 
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Schlaegel and O’Connor reported that tubercu-
losis was responsible for 0.28% of uveitis cases 
in the 1970s, which had fallen from an incidence 
of 8.6% in the 1950s. In developing countries 
with a still high prevalence of tuberculosis, it 
remains a relatively common etiologic agent. 
Studies from North India have estimated that it is 
the etiological agent in 7.9% of cases of anterior 
uveitis, 4% of cases of intermediate uveitis, 
8.95% of cases of posterior uveitis, and 26% of 
cases of panuveitis. Overall, 125 patients of 1,233 
(10.1%) cases had a tuberculous etiology  [  7  ] . 
Interestingly, a study from Italy revealed tubercu-
losis as the etiological agent in 3.6% of cases of 
anterior uveitis, 2.5% of cases of posterior uveitis, 
and 0.7% of cases of panuveitis  [  8  ] , suggesting 
that a diagnosis of ocular tuberculosis is becoming 
increasingly common in developed countries. 

 The advent of the HIV epidemic has led to 
an increase in the prevalence of ocular tubercu-
losis in patients with systemic HIV-TB (HIV-
tuberculosis) coinfection, but large studies are 
few. In a study of 307 patients in Malawi, choroi-
dal granulomas were seen in 2.8% of patients 
with mycobacteremia and acquired immuno-
de fi ciency syndrome (AIDS)  [  9  ] . However, 
another study showed no lesions suggestive of 
ocular tuberculosis in 154 patients of AIDS in 
Burundi  [  10  ] . In a prospective study from 
Mumbai, India, 23.5% of AIDS patients with 
systemic tuberculosis had ocular lesions  [  11  ] , but 
a much lower prevalence was seen in a neighboring 
city, where although as many as 66% of 1,268 
patients had systemic tuberculosis, only 1% of 
patients had ocular tuberculosis  [  12  ] .  

   Etiopathogenesis of Ocular 
Tuberculosis 

 Several members of the  Mycobacterium tubercu-
losis  complex, namely,  M. tuberculosis, M. bovis,  
and  M. africanum,  are responsible for the majority 
of systemic and ocular tuberculous disease. The 
most important agent is  M. tuberculosis,  which 
spreads as airborne droplets that are released into 
the air by patients with pulmonary (usually cavi-
tatory) tuberculosis. Inhalation of these droplets 

leads to an initial infection where the bacilli 
multiply and are spread hematogenously to 
several areas that usually include the lung apices, 
skeletal system, and the choroid. In most indi-
viduals, immune responses prevent the establish-
ment of clinical disease, but a small number 
develop clinical (primary) disease at this stage. 
The bacillus in the remaining patients remains in 
a latent state, but a number of triggers, commonly 
HIV infection, cancer, or any other immune 
de fi ciency state, can produce active clinical dis-
ease in 5–10% of patients at some point in their 
lives. This is termed as reactivation or secondary 
tuberculosis. 

 Ocular tuberculosis may occur at both the 
primary and secondary stages of clinical disease; 
thus, patients may range in age from childhood 
to late adulthood. Earlier classi fi cations have 
described ocular tuberculosis as primary (from 
direct inoculation of bacilli) or secondary (as a 
result of hematogenous spread). Current thought 
holds that virtually all ocular and orbital diseases 
are a result of hematogenous spread, and thus, 
this classi fi cation is obsolete.  

   Speci fi c Ocular Manifestations 

 Ocular tuberculosis can have myriad manifesta-
tions and can affect virtually all ocular tissue. 
These are summarized in Table  5.1 .  

   Eyelid Tuberculosis 

 This is commonly seen in childhood and is 
thought to be lupus vulgaris (cutaneous tubercu-
losis). The clinical appearance includes reddish-
brown nodules that exhibit an apple-jelly color 
on pressure or as erosive skin lesions. Eyelid 
tuberculosis also commonly mimics chalazia, 
and unusual or atypical chalazia should be care-
fully investigated, preferably with a histopatho-
logical study. Globe or orbital extensions have 
been reported  [  13,   14  ] . Several authors have 
described abscesses and cellulitis of the eyelids 
resulting from tuberculous infection. Raina et al. 
reported seven children who presented with 
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   Table 5.1    Ocular manifestations of tuberculosis   

 Ocular tissues  Manifestation  Etiopathogenesis 

 Eyelids  Lupus vulgaris, lid abscess  Direct infection 
 Conjunctiva  Conjunctivitis  Direct infection 
 Cornea  Phlyctenulosis, ulcers, interstitial keratitis  Direct infection/hypersensitivity 
 Sclera  Scleritis  Direct infection 
 Uvea  Chronic granulomatous anterior uveitis, tubercles, 

disseminated choroiditis, panuveitis 
 Direct infection 

 Retina  Vasculitis, retinitis  Direct infection/hypersensitivity 
 Orbit  Proptosis, orbital apex syndrome  Direct infection 
 Meninges/brain  Optic atrophy, disc edema, cranial nerve palsies  Direct infection 

preseptal cellulitis and had evidence of systemic 
tuberculosis. Spontaneous  fi stulization was 
common  [  15  ] . Increasingly, atypical mycobacteria 
have been implicated in periocular infections. 
Chang et al. described six patients with 
 Mycobacterium chelonae  or  Mycobacterium for-
tuitum . Immunosuppression, nasolacrimal duct 
obstruction, the presence of a foreign body, and a 
history of recent surgery were identi fi ed as risk 
factors  [  16  ] .  

   Conjunctival Tuberculosis 

 Conjunctival tuberculosis was initially described 
by Arlt. An early meta-analysis (Eyre 1912) 
discussed 177 cases in published literature and 
29 of his own who had histology or animal inocu-
lation proven disease. The disease patterns 
identi fi ed included a propensity to affect young 
adults (<20 years), unilateral disease, and a pre-
dilection for involvement of the upper palpebral 
conjunctiva. Variants identi fi ed included ulcer-
ative, hypertrophic, miliary tubercle, lupus, and 
pedunculated tumor. Only seven of these 160 
patients had evidence of systemic tuberculosis. 

 Recent reviews have described primary tuber-
culous conjunctivitis presenting as a mucopuru-
lent conjunctivitis with lid edema accompanied 
by lymphadenopathy that tends to caseate or 
undergo  fi stula formation. Conjunctival smears 
show the presence of acid-fast bacilli on the 
appropriate stain. Lamba et al. have reported the 
case of a 30-year-old female patient with miliary 
tuberculosis who presented with two reddish 

yellow, soft, nontender conjunctival nodules that 
revealed acid-fast bacilli on Ziehl-Neelsen stain 
with subsequent positive cultures  [  17  ] .  

   Scleral Tuberculosis 

 Verhoeff (1907) identi fi ed tuberculosis as the 
etiological agent in patients with scleritis based 
on histopathological  fi ndings. Only 3 of these 13 
patients had systemic disease, but the authors 
concluded that its presence was necessary. 
Tuberculosis may present as a dark red focal area 
of necrotizing scleritis that shows chronic granu-
lomatous in fl ammation with caseating necrosis 
on histopathology. In rare cases, scleral necrosis 
can occur. This diagnosis, though rare, is a 
differential diagnosis in patients unresponsive 
to traditional methods of treatment. Well-
documented scleral tuberculosis was reported by 
Bloom fi eld et al. in an 82-year-old female patient 
whose tissue sections showed acid-fast bacilli, 
and  M. tuberculosis  was grown on culture. Oral 
isoniazid and rifampicin, along with topical and 
subconjunctival streptomycin, led to a complete 
cure  [  18  ] . In a solitary case, Gupta et al. have pre-
sented the  fi ndings of a 45-year-old female patient 
of posterior scleritis with a clinical presentation 
of optic disc edema and choroidal folds. 
Sclerochoroidal thickening with  fl uid in the 
sub-Tenon’s space was seen on ultrasonography. 
Systemic investigations revealed a positive 
Mantoux test and right upper lobe in fi ltrates. The 
patient responded to systemic corticosteroids 
and antitubercular therapy  [  19  ] .  
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   Phlyctenulosis 

 The presence of an allergen within corneal or 
conjunctival tissue may occasionally produce a 
nonspeci fi c immune reaction termed as phlyc-
tenular keratoconjunctivitis. The association 
between tuberculosis and phlyctenulosis was 
hypothesized in the early twentieth century by 
several researchers, but the  fi rst large series was 
collected by Gibson (1918), who examined and 
investigated 92 such patients with phlyctenular 
keratoconjunctivitis. The overwhelming majority 
(90%) had positive Mantoux tests, but detectable 
systemic disease was found in only 26%. In 
distinction, other large cohorts of 1,073 patients 
and 105 contacts and another of 600 patients, 
phlyctenulosis was found in only two patients in 
either series. However, epidemiological data 
suggest a strong link between phlyctenulosis and 
tuberculoprotein hypersensitivity, particularly in 
areas where tuberculosis is endemic. The com-
mon presentation is in malnourished children 
who display single or multiple grayish limbal 
nodules of 1–3 mm in size. The overlying epithe-
lium occasionally becomes necrotic and may 
ulcerate. These ulcers may migrate toward the 
cornea usually dragging a small leash of 
super fi cial blood vessels along with it producing 
photophobia and watering. Topical steroids are 
recommended for the ocular in fl ammation and 
systemic antitubercular therapy if any systemic 
disease is detected. The disease tends to be 
recurrent throughout the patients childhood.  

   Corneal Tuberculosis 

 Tubercular infection tends to produce both 
immune reactions as well as direct infection. The 
most common immune reaction is interstitial 
keratitis that is usually a unilateral in fi ltrate in the 
peripheral stroma with its accompanying vascu-
larization. The deposition of mycobacterial anti-
gens within corneal tissues is thought to induce a 
hypersensitivity reaction. Topical steroids are 
required to resolve these in fi ltrates as is systemic 
antitubercular therapy for any associated systemic 
disease. Other  fi ndings include in fi ltrations and 

ulcerations. In the recent decades, the growing 
popularity and numbers of refractive surgery 
procedures have led to increasing numbers of 
corneal infections. Patients undergoing laser-
assisted intrastromal keratomileusis (LASIK) 
may be infected with atypical mycobacteria, 
mainly  M. chelonae , and these infections usually 
present as haziness at the  fl ap-corneal interface 
or even as corneal abscesses in severe cases. 
Treatment consists of frequent use of fourth-
generation  fl uoroquinolones or, in severe cases, 
 fl ap excision.  

   Uveal Tuberculosis 

 The hallmark manifestation of ocular tuberculosis 
is infection or in fl ammation of the uveal layer of 
the eye. 

   Anterior Uveitis 
 Tubercular anterior uveitis produces the prototype 
granulomatous in fl ammation along with syphilis 
and leprosy. This term describes the classically 
described large and greasy keratic precipitates 
that appear like “mutton-fat” globules but may be 
 fi ne and white in some instances. The anterior 
uveitis may present in an acute fashion but is 
commonly chronic. Frequently, it may be recur-
rent in nature. The intensity may range from mild 
to severe with broad-based dense posterior syne-
chiae. Translucent nodules may occur at the pupil-
lary margins (Koeppe nodules, that are thought to 
mark the sites of future posterior synechiae) or 
grayish nodules may form on the iris surface or in 
the super fi cial stroma (Busacca nodules). These 
iris nodules probably represent a form of iris 
tubercle. Treatment is with topical or periocular 
steroids and systemic antitubercular drugs (if a 
focus of systemic tuberculosis is present).  

   Intermediate Uveitis 
 Tuberculous infection can also present as a 
smoldering low-grade chronic intermediate 
uveitis. There is generally an associated vitritis, 
snowball opacities (Fig.  5.1 ), pars plana exudates, 
and peripheral vascular sheathing. Treatment is 
with topical or periocular steroids and systemic 
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antitubercular drugs (if a focus of systemic 
tuberculosis is present).   

   Posterior Uveitis (Choroidal Tuberculosis) 
 Choroidal tubercles and tuberculomas (larger-
sized lesions) are the most common manifesta-
tions of ocular tuberculosis (Figs.  5.2  and  5.3 ). 
The prevalence varies from 1.4% in patients with 
isolated pulmonary tuberculosis to 60% in the 
disseminated forms of tuberculosis. Tubercles 
are yellow-white in color and usually have an 
overlying and surrounding serous retinal detach-
ment in the acute phases. They range from ¼ disc 
diameter (DD) to several DDs in size and are 
commonly found in the posterior pole. The num-
ber of tubercles varies from 1 to 50 with  fi ve 
being the average. Histopathology of uveal tissue 
specimens reveals classical caseating granulomas 
that are characterized by stromal destruction with 
swelling of the adjacent choroid and in fi ltration 
with round cells, epithelioid cells, and giant cells. 
Appropriate staining techniques have revealed 
the presence of mycobacteria within the tubercle, 
suggesting a direct tissue infection. Fundus 
 fl uorescein angiography of these tubercles has 
a distinctive appearance with an early hypo-
 fl uorescence or minimal hyper fl uorescence 
within the tubercle that increases in the later 

phases. Signi fi cant peritubercular  fl uorescence is 
seen in all the phases of the angiogram giving a 
“ring of  fi re” picture  [  20  ] , suggesting that the 
in fl ammatory activity may extend beyond the boun-
daries of the visible tubercle. Optical coherence 
tomography studies reveal attachments between 
the retinal pigment epithelial-choriocapillaris 
layer and the overlying neurosensory retina. 
There is an associated surrounding subretinal 

  Fig. 5.1    The right eye of a 40-year-old female patient 
showing multiple  white   fl uffy opacities in the vitreous 
( snowballs ). The patient had associated mediastinal 
tuberculosis       

  Fig. 5.2    The right eye of a 32-year-old female patient 
showing a  yellow-white  tubercle in the inferior retina. The 
patient had associated pulmonary and central nervous 
system tuberculosis       

  Fig. 5.3    The right eye of a 28-year-old female patient 
showing multiple large tuberculomas with a surrounding 
exudative detachment in the posterior pole. The patient 
had associated miliary tuberculosis       
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 fl uid and in fl ammatory in fi ltrates in the deeper 
retinal layers  [  21  ] . The differential diagnosis 
includes sarcoid granulomas, syphilitic gummas, 
and metastases from malignancies.   

 A serpiginous-like choroiditis has now been 
described in patients with systemic tuberculosis 
(Fig.  5.4 ). A series of seven such patients was 
examined and described by Gupta et al. Three 
patterns of disease were identi fi ed: multifocal 
progressive choroiditis showing a wavelike 
progression to con fl uent diffuse choroiditis or 
diffuse plaque-like choroiditis in an amoeboid 
pattern. Mycobacterial DNA was identi fi ed from 
the aqueous and vitreous humor via polymerase 
chain reaction (PCR) studies. A combination of 
systemic/topical steroids and antitubercular 
therapy was prescribed for these patients  [  22  ] .    

   Orbital Tuberculosis 

 Tuberculosis of the orbit may either spread from 
contiguous structures or may spread hematoge-
nously. Orbital lesions are    common in young 
adults (<20 years old), are chronic, slowly pro-
gressive, and unilateral, and patients may com-
plain of varying degrees of pain and discomfort. 
Common signs include proptosis, lid swelling, 
orbital pain and discomfort, decreased visual 

acuity, or visual  fi eld abnormalities. Evidence of 
currently active or healed pulmonary tuberculosis 
is common on radiological studies. Computed 
tomography (CT) studies are the investigation of 
choice and may reveal bony erosions. Orbital  fi ne 
needle aspiration cytology (FNAC) or biopsies 
and subsequent histopathological examination 
frequently reveal the diagnosis. Cultures of 
orbital tissue may be of help in certain cases. 
Treatment consists of standard antitubercular 
therapy along with appropriate surgery. Other 
reported presentation includes patients who have 
developed a  fi stula in an orbital abscess, fungating 
masses  [  23  ]  or lesions surrounding the optic 
nerve  [  24,   25  ] . The hallmark “cold abscess”—
i.e., an infective mass lesion but without the pain, 
redness, or warmth of an acute bacterial abscess—
may be seen in some patients.  

   Retinal Tuberculosis 

 Tuberculosis may involve all the components of 
the retina including the neural tissue (retinitis) 
and the retinal vasculature (vasculitis). 

   Retinal Vascular Disease 
 Two distinct patterns exist. These include (1) Eales’ 
disease and (2) tuberculous retinal vasculitis. 

 Eales’ disease was reported by Henry Eales 
(1880), who described recurrent retinal and 
vitreal hemorrhages associated with constipa-
tion and epistaxis in a cohort of young men. It is 
an immune-mediated peripheral retinal periphle-
bitis that leads to a peripheral retinal ischemia 
and neovascularization. Eales’ disease largely 
affects young men between the ages of 20–40. 
Evidence of previous tuberculous infection in 
the form of positive Mantoux tests is common, 
but active pulmonary tuberculosis is uncommon. 
In a series of 32 patients reported by Renie et al., 
only two had active pulmonary tuberculosis, 
whereas positive Mantoux tests were the only 
signi fi cant  fi nding in eight of the remaining 
 [  26  ] . However, mycobacterial DNA has been 
isolated from the vitreous and surgically excised 

  Fig. 5.4    The right eye of a 44-year-old female patient 
showing multiple con fl uent areas of choroiditis in a 
serpiginous pattern       
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epiretinal tissue  [  27  ] . Classically, there are four 
described stages:
    I.    Mild periphlebitis  
    II.    Widespread periphlebitis involving larger 

vessels and adjacent arterioles  
    III.    Neovascularization with retinal and vitreal 

hemorrhages  
    IV.    Fibrovascular proliferations with recurrent 

vitreous hemorrhages     
 The usual presentation is of unilateral vitre-

ous hemorrhage-induced visual loss. Examination 
of the fellow eye reveals the characteristic 
peripheral retinal periphlebitis. Resolution of the 
vitreous hemorrhage shows hemorrhages and 
exudates along the peripheral vessels. The visual 
loss may be reversible as a result of vitreous 
hemorrhages or may be permanent due to ana-
tomical changes in macular architecture or trac-
tional retinal detachments. A fundus  fl uorescein 
angiographic examination helps to assess the 
severity of vasculitis and study the extent of 
ischemia and neovascularization. Laser photoco-
agulation may be needed in patients with exten-
sive peripheral ischemia or neovascularization. 
Non-clearing vitreous hemorrhages may need a 
core vitrectomy, laser photocoagulation with 
additional management as needed for  fi brous 
proliferations or tractional detachments. The 
medical management includes the use of sys-
temic or periocular corticosteroids for the con-
trol of the vasculitis. There is no consensus on 
the need to use antitubercular therapy in these 
patients. 

 In contrast, tubercular retinal vasculitis is 
associated with active systemic tuberculosis. This 
form of vasculitis is usually a direct result of 
infection with  M. tuberculosis  or may be a 
combination of direct infection with an associ-
ated hypersensitivity. Rosen et al. described a 
series of 12 patients of ocular tuberculosis of 
whom 9 patients had retinal vasculitis. The 
common clinical picture was of an acute retinal 
periphlebitis with a moderate grade of vitreous 
in fi ltrate tending to develop a peripheral ischemia 
and neovascularization. Clinical systemic disease 
was seen in three patients, but all had strongly 
positive Mantoux tests  [  28  ] . PCR techniques are 

increasingly being used to identify tubercular 
retinal vasculitis. In one series, Gupta et al. used 
this technique to arrive at a diagnosis in 13 
patients of retinal vasculitis, and the consistent 
presence of areas of active or healed choroiditis 
in these patients led the authors to suggest that 
presence of these areas may tend to suggest a 
tubercular etiology  [  29  ] . A fundus  fl uorescein 
angiographic examination reveals the presence 
and extent of ischemia and possible neovascu-
larization. Appropriate laser photocoagulation 
may be necessary for areas of extensive periph-
eral ischemia or in cases with established retinal 
neovascularization. The vasculitis may require 
systemic/periocular corticosteroids, and antitu-
bercular therapy is necessary. 

 Tubercular retinitis is rare and may result by a 
process of contiguous spread from the choroid or 
via hematogenous dissemination and is seen as a 
focal or diffuse retinitis often accompanied by 
vitreous opaci fi cation.   

   Tuberculous Panophthalmitis 

 Rarely, a granulomatous in fl ammation may 
affect all the coats of the eye, producing a pano-
phthalmitis. Most case reports describe a pain-
less and progressive disease process with 
defective vision, ophthalmoplegia, corneal haze 
and hypotony. Tubercular panophthalmitis is 
thought to be more common in children, malnour-
ished adults, or in patients with systemic tuber-
cular disease. The histopathological features 
have been described recently by Chawla et al. in 
the case of a 12-year-old girl. She presented with 
a painless and progressive reduction in vision 
and had corneal vascularization, iris nodules, 
and scleral necrosis. The eye was enucleated, 
and examination showed a necrotizing granu-
lomatous in fl ammation consisting of epithelioid 
cell granulomas along with areas of caseous 
necrosis. In the opinion of the authors, the 
absence of pain, eyeball nodules, and a tendency 
to perforation may point to a tubercular infection 
 [  30  ] . Antitubercular therapy may be helpful in 
earlier-stage disease but may be of limited value 
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in end-stage disease, when enucleation may be 
necessary to establish the diagnosis.  

   Neuro-ophthalmological Aspects 

 Neurotuberculosis is a common presentation of 
systemic tubercular disease, and as a result, 
neuro-ophthalmological  fi ndings are common 
and varied. In perspective, 67 (67%) of 100 Indian 
patients with tubercular meningoencephalitis had 
neuro-ophthalmic  fi ndings, commonly optic 
neuritis (32% with about half progressing to optic 
atrophy), gaze palsy (20%), third and sixth nerve 
palsy, conjugate deviation, primary optic atrophy, 
and complete ophthalmoplegia  [  31  ] . 

 The  fi ndings depend in part on the speci fi c 
clinical pattern of neurotuberculosis in the indi-
vidual patient. Tuberculous meningitis is the most 
common pattern and is characterized by the 
formation of thick exudates at the base of the 
brain often extending to the basal cisterns and 
the sylvian  fi ssure. An accompanying vasculitis 
of the adjacent small- and medium-sized vessels 
is the norm as is an in fl ammation of any underlying 
brain parenchyma. This vasculitis is responsible 
for the observed cranial nerve involvement 
including the optic and oculomotor nerves. 

 Involvement of the optic nerve in tubercular 
meningitis is common and is responsible for the 
majority of the ocular morbidity associated with 
this condition. A primary optic atrophy often 
ensues in varying degrees. In patients presenting 
in the acute stages of the disease, an early diag-
nosis is often possible, moreover, if patients 
complain of visual loss, but often diagnosis is 
late as patients who have been critically ill or 
comatose are unable to articulate visual symp-
toms. Simultaneous use of systemic corticoster-
oids along with the antitubercular therapy may 
reduce this complication. In one clinical trial, 27 
patients with tuberculous meningitis were treated 
with ethambutol, isonicotinic acid hydrazide, 
streptomycin, and dexamethasone versus a con-
trol group of 28 who were treated with triple anti-
tuberculous drugs only. Ocular complications 
were seen in two of the combined dexamethasone 

and antitubercular therapy group as compared to 
seven of the group not receiving dexamethasone 
 [  32  ] . However, larger and more controlled double-
blind studies are required. Girgis et al. have 
hypothesized that suggested that the concurrent 
use of dexamethasone in tuberculous meningitis 
may reduce the ocular morbidity but may not 
reverse established damage. 

 A diagnostic rule has been formulated that 
tracks  fi ve variables (optic atrophy, focal neuro-
logical de fi cit, symptoms lasting longer than 
6 days, abnormal movements, and neutrophils con-
stituting less than 50% of CSF neutrophils), and it 
has a diagnostic sensitivity of 98% and a speci fi city 
of 44% when one feature was present and a diag-
nostic sensitivity of 55% and speci fi city of 98% 
when three or more features are present  [  33  ] . 

 Involvement of the oculomotor nerves is also 
well known with the VI being the most com-
monly involved followed by the III and the IV 
 [  34  ] . In a review of tuberculous meningitis, up to 
30–40% of patients had a VI nerve palsy as 
compared to 5–15% with a III nerve palsy  [  35  ] . 
Oculomotor nerve palsies may either recover 
fully or may be a part of permanent neurological 
sequel. 

 Other patterns of neurotuberculosis include 
the avascular spherical granulomatous lesions 
termed as tuberculomas. Tuberculomas may 
directly compress any part of the visual pathway 
(commonly the optic nerve) or any of the oculo-
motor nerves producing either visual loss or 
oculomotor palsies. 

 Intracranial tuberculosis in any pattern can 
cause a raised intracranial pressure that is visible 
clinically as papilledema or unilateral or bilat-
eral VI nerve palsy. This raised pressure is due to 
the exudates associated with tubercular meningi-
tis that tend to block the normal out fl ow chan-
nels of the cerebrospinal  fl uid at the foramen of 
Luschka and Magendie or is due to the space-
occupying lesion effects of large tuberculomas. 
A secondary optic atrophy often supervenes if 
untreated. 

 Intraocular  fi ndings are also frequent including 
chorioretinitis and tubercles, and retinal  vasculitis. 
As part of the hematogenous  dissemination that is 
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the cause of the neurotuberculosis,  choroidal 
tubercles may occur. The prevalence of such 
tubercles depends on the extent and pattern of the 
neurotuberculosis and systemic tuberculosis that 
is present. In a series of 52 patients with tubercu-
lar meningitis, Kennedy et al. detected choroidal 
tubercles in 2% (1 of 52) of patients  [  36  ] . Tubercles 
are virtually pathognomonic of and more preva-
lent in patients with miliary tuberculosis, and their 
presence has been suggested as a diagnostic 
guideline. Up to 10% of patients with miliary 
tuberculosis–induced neurotuberculosis may 
show choroidal tubercles  [  37  ] . In recent studies, 
Mehta et al. have shown that a  fi nding of choroi-
dal tubercles in patients of neurotuberculosis indi-
cates the presence of a concurrent systemic focus 
of tuberculous infection (usually pulmonary) 
 [  38  ] .   

   Ocular Tuberculosis in HIV-Positive 
Patients 

 The epidemic of HIV infection has led to a 
marked resurgence of systemic tuberculosis. In 
hyperendemic areas, mycobacterial infections 
are a common superinfection and may occur due 
to a reactivation of preexisting latent tuberculosis 
or due to fresh infections. The prevalence of 
systemic tuberculosis has increased 20-fold to 
8% from the 0.4% normally seen in immunocom-
petent individuals  [  39  ] . This has been termed 
“the cursed duet”. The occurrence of systemic 
tuberculosis is considered as an AIDS-de fi ning 
disease and occurs at CD4 counts <500 cells/mm 
 [  3  ] . The manifestations are protean and often 
dif fi cult to diagnose due to atypical clinical pre-
sentations or dif fi culties in the interpretation of 
routine investigations such as the Mantoux tests/
X-rays/tomography. 

 Several studies have documented ocular 
lesions in patients with HIV/AIDS. In one 
study, 46 AIDS patients were prospectively 
examined, 17 had systemic tuberculosis, and 
four of these patients (23.5%) had ocular dis-
ease including choroidal tubercles (three 
patients) (Fig.  5.5 ) and chorioretinitis (one 

patient). The mean CD4 count was 250 cells/
mm 3    and disseminated tuberculosis was seen 
in all these patients  [  11  ] . Within a large cohort 
of 766 patients, ocular tuberculosis was seen 
in 19 eyes of 15 patients (1.95%). Observable 
lesions included choroidal granulomas (10 
eyes), subretinal abscess/panophthalmitis 
(seven eyes), and conjunctival abscess/pano-
phthalmitis (one eye each). The mean CD4 
count was 160.85 cells/mm 3  and pulmonary 
tuberculosis was seen in all these patients  [  40  ] . 
The detected ocular tuberculosis largely affects 
the posterior uvea in the form of tubercles and 
is part of a disseminated tubercular disease 
with low CD4 counts (<250 cells/mm  [  3  ] ). 
Other reported presentations include conjunc-
tival lesions such as masses, eyelid lesions that 
mimic chalazia, corneal stromal in fi ltrates 
with or without scleritis, ulcers, granular 
masses or pedunculated polypoid tumors  [  41  ] .  

 The techniques of diagnosis are similar to 
immunocompetent patients, but the interpretation 
of common tests is dif fi cult. The preexisting 
immunosuppression can return false-negative 
Mantoux tests, and chest and abdominal radiog-
raphy often have atypical  fi ndings. The diagnosis 
often needs a high index of suspicion and cultures 
or PCR studies of aqueous/vitreous/ocular tissue 
may be needed to con fi rm a diagnosis. Due care 
needs to be given to rifampicin-protease inhibitor 
interactions to avoid therapeutic failures, and 

  Fig. 5.5    The left eye of a 32-year-old male patient showing 
a large  yellow-white  tuberculoma and an associated 
exudative detachment. The patient had acquired immune 
de fi ciency syndrome and pulmonary tuberculosis       
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some authorities have suggested rifabutin in place 
of rifampicin. 

 Ocular tuberculosis is also a common infec-
tion in patients following renal and other solid 
organ transplants or those on long-term immuno-
suppressive agents. The majority of reports 
describe  Mycobacterium tuberculosis  as the caus-
ative agent.  

   Ocular Tuberculosis Associated 
with  Mycobacterium bovis  

  M. bovis  has been identi fi ed as the causative agent 
in isolated cases. Kurup et al. reported a 33-year-
old female with nodular scleritis and a choroidal 
mass. She had undergone partial treatment for 
abdominal tuberculosis 6 years earlier. Investi-
gations revealed  M. bovis  and intake of bacilli-
contaminated unpasteurized milk was thought to 
be the initiating agent  [  12  ] . 

   Rare Presentations 

 A review of the literature reveals several uncom-
mon presentations. 

   Isolated Macular Edema 
 In a case described by Torres, a 61-year-old 
woman who presented with unilateral defective 
vision underwent a complete ophthalmologic 
evaluation. The only signi fi cant ocular  fi nding 
was cystoid macular edema which was con fi rmed 
on  fl uorescein angiography. Systemic evaluation 
revealed a positive Mantoux test, and tubercle 
bacilli were detected in her sputum. There was a 
positive response in terms of reduction of the 
edema and visual recovery on completion of anti-
tubercular therapy  [  42  ] .  

   Isolated Ocular Tuberculosis 
 Systemic tuberculosis is normally present in 
most cases of ocular tuberculosis that have been 
described in worldwide literature. Only a hand-
ful of patients have been described with isolated 

ocular tuberculosis without evidence of 
 systemic disease. Of these  fi ve patients, four had 
choroidal tuberculomas and one had a vitritis/
retinitis. In the absence of chest pathology as 
determined by normal radiography, a conclusive 
diagnosis was based on Mantoux testing, PCR of 
the aqueous  fl uid, or histopathology of the enu-
cleated globe  [  43  ] .  

   Intraocular Infection with Pigmented 
Hypopyon 
 A 38-year-old female patient undergoing immu-
nosuppressive treatment (cyclophosphamide) for 
membranous glomerulonephropathy noticed 
severe visual loss. Examination revealed acute 
uveitis with a pigmented hypopyon. An aspira-
tion and subsequent pathological examination 
revealed acid-fast bacilli on culture and staining. 
Multiple scleral abscesses developed despite a 
course of antitubercular therapy, and the eye had 
to be enucleated  [  44  ] .  

   Ocular Tuberculosis After Corticosteroid 
Therapy 
 Rosen et al. have described the clinical course of 
a 35-year-old male patient who presented with 
unilateral anterior uveitis along with bilateral vit-
ritis and periphlebitis. He was prescribed sys-
temic corticosteroid therapy—following which 
he improved. After a period of 8 months, he pre-
sented again with miliary tuberculosis and chor-
oidal tubercles. According to the authors, the 
earlier in fl ammation may have been a purely 
hypersensitivity phenomenon that was steroid 
sensitive. The steroid therapy may have led to a 
reactivation of the tuberculosis following which 
he developed miliary tuberculosis and choroidal 
tubercles  [  28  ] .    

   Investigations and Diagnosis 
of Ocular Tuberculosis 

 The diagnostic workup of patients with suspected 
ocular tuberculosis has both systemic and ocular 
components. 
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   Systemic Investigations 

 As the majority of cases of ocular tuberculosis 
are associated with systemic disease, these inves-
tigations are of importance in all patients of 
ocular in fl ammatory disease. Evidence of sys-
temic tuberculosis in the presence of ocular 
in fl ammation suggests ocular tuberculosis but 
does not con fi rm it.
    1.     Radiography —Chest X-rays may reveal active 

pulmonary tuberculosis in the form of 
in fi ltrates and cavitation in apical or posterior 
segments of the upper lobe or occasionally 
lower lobe in fi ltrates. At times, pleural effu-
sions may be seen. Hilar lymphadenopathy as 
the only feature of pulmonary tuberculosis is 
common in patients of South Asian origin, 
and computed tomography may be a better 
chest imaging modality in these patients  [  45  ] . 
Hilar lymphadenopathy is also a common 
feature of patients with coexistent HIV. 
Abdominal CT scan or ultrasonography may 
reveal mesenteric, periportal, or retroperito-
neal lymphadenopathy suggestive of isolated 
abdominal tuberculosis or as a component of 
disseminated tuberculosis.  

    2.     Mantoux Testing —The Mantoux test assesses 
the patient’s response to a stimulus of PPD 
(puri fi ed protein derivative). Three strengths  
available are 1, 5, or 250 tuberculin units, 
and 0.1 cc is injected intradermally into the 
volar forearm to produce a wheal of 6–10 mm 
diameter. After 48–72 h, the induration is 
measured in millimeters at the point of injec-
tion and interpreted according to current 
guidelines. The Mantoux test is a delayed-
type hypersensitivity reaction and merely 
suggests tuberculous infection but not active 
clinical disease. Common false-negatives 
include poor test techniques, miliary tuber-
culosis, sarcoidosis, HIV infection, or active 
malignancies.  

    3.     Interferon- g   (gamma)  Release Assays (IGRA) —
The IGRA tests are the in vitro assays that 
measure interferon- g (gamma). This is secreted 
by previously sensitized T cells after they are 
stimulated by  Mycobacterium tuberculosis  
antigens. The antigens include early secreted 

antigen target (ESAT) 6 and culture  fi ltrate 
protein (CFP)-10 that are speci fi c for  M. tuber-
culosis  and make false-positive readings with 
BCG vaccine strains unlikely. The commonly 
used kits are T-SPOT.TB test (Oxford 
Immunotec Ltd.) and the QuantiFERON-TB 
Gold (Cellestis Ltd., Australia). Positive IGRA 
tests suggest latent tuberculosis.      

   Ocular Investigations 

 Following a detailed clinical examination, the 
isolation of  M. tuberculosis  from ocular tissues is 
often necessary to establish a diagnosis of 
con fi rmed ocular tuberculosis. Samples may be 
obtained from the aqueous humor, vitreous 
humor, subretinal  fl uid, speci fi c tissue biopsies 
(eyelid tissue, conjunctiva, cornea, sclera, retina, 
or uvea) or the enucleated globe. However, these 
are often of small volume and pose a risk of 
ocular morbidity, especially the risks of endo-
phthalmitis and retinal detachment. These samples 
once obtained may undergo the following:
    1.     Microscopy —This is the easiest test but needs 

densities of 5,000–10,000 bacilli per ml for a 
positive result. The success rate may be 
increased by centrifugation of samples. Tissue 
sections may be stained after formalin  fi xation. 
Stains in use include conventional acid-fast 
stains (e.g., Ziehl-Neelsen) or  fl uorescent 
acid-fast stains.  

    2.     Culture —Culturing is more sensitive and is 
reported to be capable of detecting densities of 
10–100 bacilli per ml. Drawbacks include 
prolonged incubation of up to 8 weeks. 
Commonly used culture media includes 
Lowenstein-Jensen.  

    3.     PCR (Polymerase Chain Reaction) 
Techniques —These are becoming the tech-
nique of choice in the diagnosis of ocular 
tuberculosis. They are capable of detecting 
mycobacterial DNA from all samples and are 
ideally suited for ocular diagnostic work 
because they require small volumes and are 
extremely speci fi c. In one case series of 53 
patients, the speci fi city was 100% and the 
sensitivity was 37%  [  46  ] .       
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   Guidelines and Suggested Treatment 
of Ocular Tuberculosis 

 The purpose of the investigations (clinical, radio-
logical, and laboratory) is to permit understanding 
of the speci fi c manifestation in each patient and 
allow the appropriate therapy. Speci fi c points 
that need to be elucidated are as follows:
    1.     Speci fi c Ocular Etiopathogenesis —Whether 

the ocular lesions are a hypersensitivity reac-
tion or a direct infection or both.  

    2.     Speci fi c Systemic Findings —A positive 
Mantoux test or IGRA test indicates previous 
mycobacterial infection and, in the absence of 
evidence of systemic infection, suggests latent 
tuberculosis. In contrast, active systemic 
tuberculosis is diagnosed by radiological or 
laboratory evidence of tubercular infection 
elsewhere in the body.     
 Some authors have suggested that cases of ocu-

lar tuberculosis be classi fi ed as (1) presumed when 
there is only indirect evidence that  M. tuberculosis  
is the causative organism (e.g., suggestive ocular 
disease and evidence of systemic tuberculosis) or 
(2) con fi rmed when  M. tuberculosis  bacilli are iso-
lated from ocular tissue or  fl uids. 

 Regardless of classi fi cation, patients with a 
diagnosis of presumed or proven tubercular infec-
tion in the eye and concomitant systemic or latent 
tuberculosis (positive Mantoux and/or IGRA 
tests) need antitubercular therapy with or without 
corticosteroid therapy. Patients with hypersensi-
tivity reaction alone (e.g., phlyctenulosis), nega-
tive Mantoux/IGRA tests, and negative systemic 
imaging may be treated with corticosteroid 
therapy alone. 

   Corticosteroid Therapy 

 Manifestations that are due to a purely hypersen-
sitivity phenomena such as phlyctenulosis need 
only corticosteroid therapy. Most direct infec-
tions such as anterior or posterior uveitis, retinal 
vasculitis, or panophthalmitis also need adjunct 
corticosteroid therapy due to the in fl ammation 

they induce. Depending on the site of involve-
ment and severity of the in fl ammation, topical, 
periocular, or systemic corticosteroids may be 
used.  

   Antitubercular Therapy 

 Systemic antitubercular therapy must be pre-
scribed in cases of ocular direct infections as 
well as in cases where a systemic focus is 
present. At present, there is no commercially 
available topical antitubercular therapy. Follow-
ing systemic treatment, all ocular tissues, espe-
cially the commonly affected posterior uvea, 
receive adequate drug concentrations. Schlaegel 
 fi rst suggested a therapeutic trial of isoniazid 
in suspect cases of ocular tuberculosis, but this 
has historical value and may actually promote 
drug resistance. As no randomized controlled 
trials have been done speci fi cally for ocular 
tuberculosis, current recommendations rely on the 
guidelines for pulmonary and extrapulmonary 
tuberculosis. 

 All recent consensus statements and insti-
tutional guidelines—the American Thoracic 
Society (ATS), the Centers for Disease Control 
(CDC), and the Infectious Diseases Society of 
America (IDSA)—suggest an initial four-drug 
regime (isoniazid [INH], pyrazinamide [PZA], 
ethambutol [ETB], and rifampicin [RIF]) for an 
initial 8 weeks followed by INH and RIF either 
7 days a week (Regimen 1a) or twice weekly 
(Regimen 1b) for a minimum duration of 
18 weeks. These guidelines also apply to extra-
pulmonary forms of the disease or HIV-infected 
patients, with some data suggesting that similar 
regimens of four drugs for 6–9 months are equally 
effective  [  47  ] . 

 The World Health Organization (WHO) sug-
gests the use of four drugs (INH/RIF/PZA/ETB) 
for an initial 2 months followed by INH/RIF for 
4 months for category I patients (new sputum 
positive patients, new sputum negative patients 
with extensive lung parenchymal disease, and 
those with severe extrapulmonary disease) and 
category III patients (new smear negative patients 
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with lesser lung parenchymal involvement and 
patients with less severe extrapulmonary 
disease)  [  48  ] . 

 Therapeutic failures may occur and may be 
due to primary resistance (infection or reactiva-
tion of bacilli that are resistant to one or more 
drugs at the onset of disease itself) or secondary 
resistance where bacilli develop resistance due to 
faulty compliance or poor drug selection. Reports 
of drug-resistant ocular tuberculosis are rare but 
may be a problem in the future, as the multidrug 
tuberculosis epidemic expands.   

   Ocular Toxicity in Antitubercular 
Therapy 

 Antitubercular therapy–induced ocular toxicity is 
rare, and ethambutol is usually the offending 
drug. The observed toxicity is an optic neurop-
athy that may be seen in up to 2% of patients on 
the current recommended dose of 15 mg/kg. 
Patients present with bilateral visual loss and a 
normal-appearing fundus. Rarely, hyperemic or 
edematous discs have been seen. A primary optic 
atrophy may supervene after 4–6 weeks. Visual 
 fi eld studies may show central, paracentral, or 
peripheral scotomas. Defective color vision is 
common, especially in the red-green axis. Patients 
with acute or chronic renal failure may be at an 
added risk and need close monitoring or reduced 
dosages of ethambutol. The neuropathy is usually 
reversible, but complete recovery may take 
several months.  

   Controversies and Perspectives 

     1.     Use of Antitubercular Drugs —While the use 
of antitubercular drugs is mandatory, until 
recently no large series studied its exact role. 
Bansal et al.  [  49  ]  studied 360 patients with at 
least a 1-year follow-up after starting antitu-
bercular therapy. They studied patients who 
received four-drug antitubercular therapy and 
corticosteroids and those that received corti-
costeroids alone and observed in fl ammatory 
recurrences in each group. Signi fi cantly fewer 

recurrences were seen in the  fi rst group as 
compared to the second. The authors estimate 
that the use of antitubercular therapy reduces 
the chance of recurrence by up to two-thirds.  

    2.     Use of 18 FDG-PET (Fluorodeoxyglucose–
Positron Emission Tomography) Scans in the 
Management of Ocular Tuberculosis —These 
utilize a radioactive tracer (18 FDG) that accu-
mulates in tissues that rapidly utilize glucose, 
such as malignancies as well as in fl ammatory 
foci. Potentially, use of these scans may help 
to detect foci of systemic tubercular 
in fl ammation. Mehta et al.  [  50  ]  recently have 
described the utility of 18 FDG-PET scan in a 
35-year-old female patient with recurrent pos-
terior uveitis in whom chest imaging studies 
of the chest were normal. Increased tracer 
activity was seen in the right paratracheal, pre-
carinal, and bilateral hilar nodes and in the left 
choroid. The authors suggest that a FDG-PET/
CT scan may be a better choice in detecting 
coexisting pulmonary tuberculosis as com-
pared to conventional imaging techniques.  

    3.     Use of an Animal Model —Histopathological 
and immunological studies into ocular tuber-
culosis have been limited by the relative lack 
of intraocular tissue and  fl uids. Recent devel-
opments of an animal model may change this. 
Rao et al.  [  51  ]  have recently used Hartley 
strain guinea pigs that were infected via an 
aerosol route. Some animals were infected 
with low doses of bacteria and were merely 
observed. Another group received a high-dose 
infection and was treated with the standard 
antitubercular regimen. Animal tissues were 
studied via histopathology and PCR tech-
niques. Uveal granulomatous lesions were 
found to have acid-fast bacteria and  M. tuber-
culosis  DNA. The presence of treatment was 
found to have a protective effect to the devel-
opment of tubercular uveitis.      

   Focal Points 

 The prevalence of ocular tuberculosis has reduced 
in the twentieth century worldwide, but it is still a 
common etiological agent in the developing world.
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   Ocular TB (largely choroidal or retinal) may be • 
seen in 1.4–60% of patients with systemic TB.  
  Tuberculosis is the etiological agent in 0.2–• 
7.9% of patients with all types of intraocular 
in fl ammation.  
  The HIV epidemic has led to an increase in • 
ocular TB with between 2.8% and 23.5% of 
HIV/TB coinfections demonstrating ocular 
lesions.  
  The diagnosis of ocular TB is frequently • 
dif fi cult as its manifestations are protean, 
specimen quantities are limited and often 
dif fi cult to obtain.  
  Ocular evaluation includes clinical examina-• 
tion and collection of specimens from aque-
ous humor, vitreous humor, uveal or retinal 
tissue, or subretinal  fl uid. Processing includes 
microscopy, culture, or PCR techniques for 
de fi nitive proof.  
  Systemic evaluation includes chest radiogra-• 
phy (CT preferred), abdominal radiography, 
Mantoux testing, and collection/processing of 
sputum, lymph nodes, and bone marrow as 
necessary.         
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    Abstract 

 Ocular toxoplasmosis is the most prevalent form of infectious posterior 
uveitis worldwide. Although congenital infections have long been consid-
ered to account for most ocular disease, there is now clear evidence that 
the majority of ocular toxoplasmosis infections are acquired after birth. 
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   Introduction 

 Toxoplasmosis is endemic throughout most of 
the world and affects a large proportion of the 
adult population  [  1,   2  ] . However, the seroprev-
alence of anti– Toxoplasma gondii  differs from 
country to country  [  3  ] . It is estimated, for 
example, that at least 10% of adults in northern 
temperate countries and more than half of 
adults in Mediterranean and tropical regions 
have been infected  [  4  ] .  Toxoplasma gondii  is a 
ubiquitous, obligate intracellular protozoan 
and is considered to be the most common cause 
of infective retinitis in immunocompetent 
humans. A number of factors related to regional 
climate, hygiene, and dietary habits have been 
identi fi ed  [  5–  7  ] . 

  Toxoplasma gondii  was discovered indepen-
dently by two investigators in 1908. Alfonso 
Splendore in Brazil identi fi ed the organism in 
laboratory rabbits, while Charles Nicolle and 

Louis Manceaux in Tunis observed the organism 
in the North African rodent  Ctenodactylus gon-
dii.  Nicolle and Manceaux named the parasite 
 Toxoplasma gondii  –  Toxoplasma  from the Greek 
word toxon, meaning arc, describing the small 
crescent shape of the parasites, and  gondii  from 
the animal in which it was found (Fig.  6.1 )  [  8  ] . 
The  fi rst description of congenital toxoplasmosis 
(CT) with ocular involvement is attributed to 
Jankû (Prague 1923), who reported an 11-month-
old infant with hydrocephalus, microphthalmia, 
and a retinal “coloboma” in the macular region; 
 [  8,   9  ]  and the  fi rst photographic documentation 
of ocular toxoplasmosis was made in Brazil by 
Belfort Mattos in 1933  [  8  ] .  

 The course of systemic disease in immuno-
competent adults is usually asymptomatic and 
self-limiting. As soon as infection has occurred, 
the parasite forms latent cysts in many organs, 
including the retina, that can reactivate years 
after the initial infection, giving rise to acute 
retinochoroiditis and, subsequently, the formation 

  Fig. 6.1    ( a ) Gross appearance of a retinal scar in an 
enucleated eye bank eye with toxoplasmic retinochor-
oiditis (TRC). ( b ) Histologic section shows toxoplasmic 
cysts seen in the neural retina. Note the eccentrically 

located tiny nuclei in the cysts. ( c ) Retina cyst in TRC 
visualized with electron microscopy (EM). ( d ) 
Tachyzoites in lower and higher magni fi cation (with 
EM; insert)       
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of new retinochoroidal lesions  [  4  ] . Usually, 
ocular toxoplasmosis (OT) is clinically diag-
nosed through recognition of a focal retinitis or 
retinochoroiditis in the setting of an adjacent or 
nearby retinochoroidal scar. Serum anti– T. gondii  
immunoglobulin G (IgG) antibodies support the 
diagnosis but are not always necessary. In immu-
nocompromised individuals, however, OT lesions 
may be extensive or multifocal, complicating the 
diagnosis  [  10  ] . 

 The laboratory diagnosis of toxoplasmosis is 
based on detection of circulating antibodies 
directed against  T. gondii  and/or the identi fi cation 
of the speci fi c organism or its antigens using 
polymerase chain reaction (PCR). Toxoplasmosis 
therapy includes speci fi c antiparasitic medication 
and corticosteroids. There are several regimens, 
with different drug combinations. Medications 
include pyrimethamine, sulfadiazine, clindamy-
cin, trimethoprim–sulfamethoxazole, spiramycin, 
azithromycin, atovaquone, tetracycline, and 
minocycline. The prognosis of OT is usually 
good in immunocompetent individuals, as long 
as the macula, the optic nerve, and the papillo-
macular bundle are not directly involved  [  11  ] . 

 The objective of this chapter is to describe 
the posterior pole manifestations of ocular toxo-
plasmosis as well as its pathogenesis, epidemi-
ology, clinical  fi ndings, diagnosis, and current 
management.  

   Pathogenesis 

  Toxoplasma gondii  is a ubiquitous protozoan 
parasite that infects up to 50% of the population 
 [  7  ] . While systemic infections are typically 
asymptomatic in immunocompetent patients, 
life-threatening disease may occur in newborns 
and in immunocompromised patients  [  12  ] . The 
parasite can be found in the host’s tissues and 
body  fl uids, such as saliva, milk, semen, urine, 
and peritoneal  fl uid. The morphology of the  T. 
gondii  varies depending on the stage of the life 
cycle and habitat. It can present in three forms, 
the tachyzoite, bradyzoite, and sporozoite, or 
oocyst  [  8  ] , and these forms can be identi fi ed and 
studied histologically (see Fig.  6.1 ). 

 The tachyzoite, also called trophozoite, is the 
infectious form responsible for the acute phase of 
the disease. It is approximately 3–7  m (mu)m    in 
length, 2–4  m m in diameter, and crescent-shaped. 
The tachyzoite encysts at the  fi rst sign of environ-
mental stress, such as the host immune response 
or the presence of antibiotics. The encysted form, 
known as the bradyzoite, begins to appear as soon 
as 1 week following infection. Bradyzoites divide 
slowly inside a cellular vacuole, which eventu-
ally becomes part of the cyst’s capsule. The cysts 
are very resistant and can remain dormant in the 
host for years without reactivation or tissue 
damage. For reasons unknown, the cyst may 
rupture, causing reactivation of the disease and 
intense in fl ammation  [  8  ] . 

 Oocysts of  T. gondii  are 10–12  m m and oval-
shaped. They are found uniquely in the intestinal 
mucosa of cats. Once they are released, they 
can be spread to human beings or other animals 
through a variety of vectors. Although invariably 
thought to be ingested, the organism may also 
enter the host through other mucosal surfaces. 
Humans can also be infected secondarily by meat 
(pork and lamb particularly, as well as chicken 
in endemic areas, but probably not unprocessed 
beef) contaminated with  Toxoplasma  cysts 
(Fig.  6.2 ). The two forms of the organism that 
can be found in humans are bradyzoites, or tissue 
cysts, and tachyzoites (see Fig.  6.1c , d). Tissue 
cysts are up to 200  m m in diameter, contain 
hundreds to thousands of organisms, and have a 
propensity for cardiac tissue, muscle, and neural 
tissue, including the retina (see Fig.  6.1a )  [  13  ] .  

 Humans can be infected by the infectious 
forms of either subcycle, that is, by eating under-
cooked meat containing tissue cysts, or through 
accidental ingestion of oocysts contaminating 
garden vegetables, water, or cat litter boxes. 
Rarely,  T. gondii  can be transmitted by blood 
transfusion, solid organ transplants, or in con-
taminated water or air. The life cycle of  T. gondii  
is unusual in that the organism is capable of 
inde fi nite replication using either sexual or 
asexual subcycles  [  14  ] . After transmission, 
actively dividing tachyzoites disseminate via the 
blood stream and lymphatics (see Fig.  6.2 )  [  15  ] . 
Up to 10% of infected individuals present with 
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retinal lesions  [  15,   16  ] , and these infections 
account for half to one-third of all cases of poste-
rior uveitis  [  15  ] . Most of the ocular cases occur 
months to years after initial infection, which is 
often asymptomatic. 

 The asexual cycle can occur in virtually any 
warm-blooded animal, ranging from chickens 
to sea otters to humans. Transmission occurs 
when an animal ingests bradyzoite-infected 
tissue through carnivorism or scavenging. Trans-
mission can also occur accidentally through 
feed that is contaminated with animal parts. 

Theoretically, this asexual portion of the 
organism’s life cycle could continue inde fi nitely 
via the food chain.  Toxoplasma gondii ’s sexual 
cycle occurs only in cats, where it includes full 
gametogenesis and mating within the intestinal 
epithelium and culminates in the generation of 
oocysts that are shed in the cat’s feces. These 
oocysts are highly infectious and extremely 
stable in the environment. Likewise, the asexual 
cycle can readily  fl ow into the sexual side when 
a cat eats a mouse or bird infected with tissue 
cysts (see Fig.  6.2 )  [  17  ] . 

  Fig. 6.2    ( A ) The only known de fi nitive hosts for 
 Toxoplasma gondii  are members of family Felidae 
(domestic cats and their relatives). Unsporulated oocysts 
are shed in the cat’s feces. ( B ) Although oocysts are usu-
ally only shed for 1–2 weeks, large numbers may be shed. 
( C ) Oocysts take 1–5 days to sporulate in the environment 
and become infective. Intermediate hosts in nature (includ-
ing birds and rodents) become infected after ingesting soil, 
water, or plant material contaminated with oocysts. 
Oocysts transform into tachyzoites shortly after ingestion. 
These tachyzoites localize in neural and muscle tissue and 
develop into tissue cyst bradyzoites. ( D ) Cats become 
infected after consuming intermediate hosts harboring tis-
sue cysts. ( E ) Cats may also become infected directly by 
ingestion of sporulated oocysts. Animals bred for human 
consumption and wild game may also become infected 

with tissue cysts after ingestion of sporulated oocysts in 
the environment. ( F ) Humans can become infected by any 
of several routes: eating undercooked meat of animals har-
boring tissue cysts; ( G ) consuming food or water contami-
nated with cat feces or by contaminated environmental 
samples (such as fecal-contaminated soil or changing the 
litter box of a pet cat); ( H ) blood transfusion or organ 
transplantation; and ( I ) transplacentally from mother to 
fetus. ( J ) In the human host, the parasites form tissue cysts, 
most commonly in skeletal muscle, myocardium, brain, 
and eyes; these cysts may remain throughout the life of the 
host. Diagnosis is usually achieved by serology, although 
tissue cysts may be observed in stained biopsy specimens. 
( K ) Diagnosis of congenital infections can be achieved by 
detecting  T. gondii  DNA in amniotic  fl uid using molecular 
methods such as PCR       
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 Since the 1950s, postnatally acquired infections 
have been attributed correctly either to ingestion 
of tissue cysts in raw or undercooked meat or to 
oocysts on unwashed vegetables that were con-
taminated with soil containing cat feces. Recent 
observations have suggested that these are not the 
only routes of infection, however. Contaminated 
drinking water, for example, may be an impor-
tant source of infection in some situations  [  17  ] . 

 Although  T. gondii  infects any nucleated cell 
in culture, human infections often involve the 
central nervous system (CNS)  [  15  ] .  Toxoplasma 
gondii  disseminates rapidly from the initial site 
of infection to secondary lymphoid tissues and 
then on to other organs. Dendritic cells are 
likely candidates as the “Trojan Horse” that 
 T. gondii  uses to travel to the spleen and draining 
lymph nodes. This hypothesis is supported by 
both in vitro studies and intraperitoneal infec-
tion models used to examine dendritic cell 
migration  [  18  ] . 

 Montoya and Remington offer two explana-
tions for preferential involvement of the CNS in 
toxoplasmosis: (1) ready passage of parasites 
across the blood-brain barrier or (2) poor clear-
ance of parasites from immune-privileged site. It 
has been postulated that  T. gondii  is neurotropic 
because neurological de fi cits, including blind-
ness, tend to make animal hosts easy prey, facili-
tating transmission of the parasite  [  15  ] . 

 Tachyzoites may reach the retina by (1) migra-
tion from the brain via the optic nerve, (2) pas-
sage from the retinal circulation in infected 
monocytes or dendritic cells, or (3) direct infec-
tion of the retinal vascular endothelium by circu-
lating tachyzoites. Different and/or multiple 
routes may account for retinal infection in differ-
ent patients  [  15  ] . Host cell invasion begins with 
attachment of the parasite to the cell membrane 
and is complete when the parasite has actively 
penetrated the membrane, which typically takes 
less than 40 seconds  [  15,   19  ] . Invasion of host 
cells by  T. gondii  tachyzoites is believed to 
involve multiple receptor–ligand interactions, 
and differential expression of host receptors may 
be one mechanism underlying the variable infec-
tivity observed between cell populations. 
Proteoglycans are important host cell receptors, 

and the tachyzoite surface antigens known as 
SAGs are key ligands  [  15  ] . The ability of 
tachyzoites to infect a number of different cell 
lines has been correlated with the surface expres-
sion of sialic acid residues  [  15,   20  ] . 

 Genetic analysis suggests that the majority of 
 T. gondii  strains identi fi ed in Europe and North 
America fall into one of three distinct genotypes 
(types I, II, and III, respectively)  [  14,   21–  23  ] . 
Type I strains are very virulent (LD 

100
  of one 

parasite). In contrast, types II and III strains are 
less virulent (LD 

50
 ~10 3  and ~10 5 , respectively). 

In humans, all three lineages cause disease, but 
they appear to differ in the tissues they affect and 
when they infect people. For example, type I 
strains are more often associated with postnatally 
acquired ocular infections, whereas type II strains 
are more associated with congenital infections 
and toxoplasmic encephalitis  [  18  ] . Some recent 
studies show more atypical (types IV and V) as 
well as mixed infections in many parts of the 
world, including Brazil, where they seem to be 
the rule. The high prevalence of this more viru-
lent strain could also explain the phenomenon 
of reinfection and recent papers con fi rming that 
women may transmit toxoplasmosis to the fetus 
even when they are known to have had circulating 
anti– T. gondii  IgG antibodies for many years. 
Difference in strain prevalence has also been 
suggested to explain varying rates of ocular 
involvement despite similar overall, population-
based seroprevalence rates  [  18  ] . 

 It is well known that host immune function 
plays an important role in toxoplasmosis. 
Immunosuppressed patients, including those 
with acquired immunode fi ciency syndrome 
(AIDS), are susceptible to severe life-threatening 
and vision-threatening  T. gondii  infections. It is 
likely that more subtle changes in immune func-
tion also affect disease presentation  [  24  ] .  

   Clinical Manifestations 

 Ocular toxoplasmosis manifests predominantly 
from the second to the fourth decade of life (prob-
ably because most of the cases arise up to 
10–20 years after the infection), with either  primary 
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OT (isolated retinal lesions not arising from scars) 
(Fig.  6.3 ), or recurrent OT (active retinal lesions 
associated with old inactive scars) (Fig.  6.4 ). 
Necrotizing retinitis associated to vitreous and 
anterior chamber in fl ammation is the hallmark of 
OT. Recent reports have con fi rmed that acquired 
infection can present with vitreitis or anterior 
uveitis in the absence of retinochoroiditis  [  25  ] .   

 Manifestations include retinochoroidal 
in fi ltrates, vitreous humor cells and haze, and 
anterior chamber (AC) cells and  fl are. The 
severity of the in fl ammatory reactions varies 
substantially between patients, for reasons that 
are unknown  [  26  ] . 

 There can be considerable variation in the 
clinical features of disease. A review of the 
literature describing “atypical” cases suggests 
that they do not represent fundamentally different 
forms of the disease, however. Knowledge of 
the various presentations of OT is important for 
the clinician—diagnosis can be dif fi cult in 

some cases, and attention to the characteristics 
of OT may give some insights into disease 
mechanisms  [  27  ] . 

 Friedmann and Knox described three speci fi c 
“forms” of disease that can be related to the speci fi c 

  Fig. 6.3    Toxoplasmic retinochoroiditis (TRC). Visual 
acuity (VA) was 20/70. ( a ) Color fundus photograph of the 
right eye demonstrating an isolated active lesion along the 
inferotemporal vascular arcade. ( b ) Fluorescein angiogra-
phy before intravitreal clindamycin and dexamethasone 
therapy reveals marked hyper fl uorescence resulting from 

leakage of dye from TRC lesion threatening the fovea. 
( c ) A horizontal optical coherence tomography scans 
obtained through the fovea revealed loss of the normal 
foveal contour, diffuse macular thickening with subfoveal 
serous retinal detachment. The retina map analysis indi-
cates a central macular thickness of 421  m m       

  Fig. 6.4    Recurrent ocular toxoplasmosis. Note active 
retinal lesion associated with old inactive scar       
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strain causing the infection: large destructive 
lesions, punctate inner lesions, and punctate deep 
lesions  [  28  ] . Small, partial-thickness lesions 
involving the inner or outer layers of the retina 
have also been described in patients with AIDS; 
these small lesions are presumably the earliest 
manifestations of infection, as most reported 
patients with AIDS and OT have had extensive 
areas of full-thickness retinal necrosis (Figs.  6.5 , 
 6.6a, b,  and  6.7 )  [  27,   29  ] .    

 Immunocompetent patients can develop 
clusters of small, partial-thickness retinal lesions, 

a condition termed “punctate outer retinal 
 toxoplasmosis” by some investigators. Lesions 
are typically <1,000  m m in diameter and found in 
the posterior pole. Although sometimes consid-
ered a distinct form of disease, punctate outer 
retinal toxoplasmosis shares many features with 
more “typical” lesions. Despite the occurrence of 
lesions in clusters in patients with punctate outer 
retinal toxoplasmosis, there is usually only one 
focus of active disease at any given time  [  27  ] . 

 Generally active in fl ammatory disease resolves 
without treatment, leaving hyperpigmented scars, 
and recurrences develop as “satellite” lesions (see 
Fig.  6.4 )  [  27  ] . On the other hand, there are many 
publications that also refer to “typical” scars of 
healed toxoplasmic retinochoroiditis (TRC) 
lesions, but there is a spectrum to the appearance 
of scars as well, with variable amounts of pig-
mentation and loss of choroidal tissue. The area 
of a scar that is seen clinically can be smaller than 
the area of in fl amed retina during the active stage 
of the disease. The degree of pigmentation within 
and around scars may re fl ect the extent to which 
the retinal pigment epithelium is damaged during 
the active stage of disease. In some elderly 
patients, lesions seem to heal with less severe 
scarring than would be expected from the extent 
of infection  [  27  ] . Lesions with little associated 
in fl ammation may heal with minimal scarring 
(Fig.  6.8 )  [  27,   30  ] . Silveira et al. have shown that 
the spectrum of lesions associated with typical 
TRC includes similar tiny, nonspeci fi c foci of 

  Fig. 6.5    Patients with the acquired immune de fi ciency 
syndrome (AIDS) and ocular toxoplasmosis may have 
extensive areas of full-thickness retinal necrosis that 
simulate acute retinal necrosis syndrome       

  Fig. 6.6    ( a ,  b ) Patients with the acquired immune 
de fi ciency syndrome (AIDS) and ocular toxoplasmosis 
may have atypical presentations. This patient improved 
1 week after highly active antiretroviral therapy, pyrime-

thamine and sulfadiazine (Reprinted with permission 
from Smith JR, Cunningham ET Jr. Atypical presenta-
tions of ocular toxoplasmosis. Curr Opin Ophthalmol. 
2002;13:387–92)       
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pigment, and “classic” lesions can also be found 
amid clusters of small retinochoroidal scars in 
any part of the retina  [  27,   31  ] .  

 Ocular toxoplasmosis can also be categorized 
into the congenital (Fig.  6.9a, b ) or acquired 

(Fig.  6.10 ) forms. Congenital and acquired 
 presentations can be divided into neonatal or late 
forms. Every newborn whose mother contracted 
toxoplasmosis during the pregnancy must receive 
treatment during the  fi rst year of life, indepen-
dent of the presence of ocular involvement in the 
time of the birth. Congenital toxoplasmosis is 
most commonly acquired during the last trimester 
of pregnancy, and the infants are usually asymp-
tomatic. Acquired toxoplasmosis (AT) can be 
concomitant when it occurs during systemic 
disease and delayed when there is a variable 
period of time (usually 5–10 years) between 
systemic and ocular disease  [  11  ] .   

 Toxoplasmic retinochoroiditis is unilateral in 
72–86% of cases  [  11  ] . The lesions can be soli-
tary, multiple, or satellite (adjacent to a cicatricial 
lesion).  T. gondii  has a clear preference for the 
posterior pole, this location occurring in more 
than 50% of the cases. Typical congenital retin-
ochoroiditis presents as a macular cicatricial 
lesion, consisting in radial deposition of pigment 

  Fig. 6.8    The retinal lesions in toxoplasmic retinitis in 
patients with acquired immune de fi ciency syndrome 
(AIDS) may be focal or diffuse, active in one or both eyes, 
and can cause visual impairment if left untreated. ( a  and  c ) 
Toxoplasmic retinitis before therapy. ( b  and  d ) 

Toxoplasmic retinitis healed after therapy. Note that in 
patients with the acquired immune de fi ciency syndrome 
(AIDS), lesions with little associated in fl ammation may 
heal with minimal scarring (Courtesy of William R. 
Freeman, M.D.)       

  Fig. 6.7    Patients with the acquired immune de fi ciency 
syndrome and ocular toxoplasmosis may have concomi-
tant extensive areas of full-thickness retinal necrosis of 
cytomegalovirus retinitis       
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around a central necrotic zone. Anterior uveitis is 
almost always a complication of retinochoroiditis. 
In fact, the presence of the parasite in the anterior 
segment without retinal involvement has only 
been demonstrated in immunocompromised 
patients  [  11  ] . 

 Recurrences of retinal disease occur with both 
congenital and postnatally acquired infections. 
Typically, these recurrences manifest as “satellite 
lesions” at the border of a preexisting retinochor-
oidal scar (Figs.  6.4 ,  6.11 , and  6.12 ), although in 
some patients, new “primary retinal lesions” 
(de fi ned as those not arising from retinochoroidal 
scars) can develop far away from the preexisting 
scars, in areas of retina that had appeared clini-
cally to be normal (see Fig.  6.10 ). Recurrences 

  Fig. 6.9    ( a ,  b ) Congenital ocular toxoplasmosis       

  Fig. 6.10    Acquired ocular toxoplasmosis ( arrow )       

  Fig. 6.11    Recurrent satellite lesions of toxoplasmosis. 
Note active retinal lesion associated with old inactive scar       

  Fig. 6.12    Recurrent satellite lesions of toxoplasmosis 
and vitritis. Note active retinal lesion associated with old 
inactive scar       
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are generally assumed to be caused by the release 
of parasites from tissue cysts in the retina  [  17  ] .   

 Symptoms of OT vary according to the age of 
the subject. Signs at birth may include fever, 
maculopapular rash, hepatosplenomegaly, micro-
cephaly, seizures, jaundice, thrombocytopenia, 
and lymphadenopathy. The classic triad of CT is 
retinochoroiditis, hydrocephalus, and cranial 
calci fi cations  [  11  ] . Children usually present with 
reduced visual acuity, strabismus, nystagmus, 
and leukocoria. Teenagers and adults complain of 
decreased vision and  fl oaters. If anterior uveitis is 
present, photophobia, pain, and hyperemia may 
be present  [  11  ] . 

 However, toxoplasmosis can also affect the 
optic nerve in many ways. Atypical presentations 

of ocular toxoplasmosis have been described: 
punctate outer retinitis, neuroretinitis, papillitis 
(Fig.  6.13 ), pseudo-multiple retinochoroiditis, 
intraocular in fl ammation without retinochor-
oiditis, unilateral pigmentary retinopathy, Fuchs-
like anterior uveitis, scleritis, and multifocal or 
diffuse necrotizing retinitis.  

 A variety of complications of TRC have been 
described, including rhegmatogenous retinal 
detachments, glaucoma, vitreous opaci fi cation 
(Figs.  6.12  and  6.14 ) or hemorrhage, retinal 
 hemorrhage (Fig.  6.15 ), optic atrophy, exudative 
 retinal detachments, retinal vessel occlusions, 
subret inal and choroidal revascularization (CNV), 
epiretinal membrane formation (Fig.  6.16a, b ), and 
macular edema  [  11,   17,   32,   33  ] . In general, they 

  Fig. 6.13    ( a ) Color fundus photograph of the right eye 
demonstrating an active papillary lesion secondary to 
toxoplasmic retinochoroiditis (TRC) along the infer-
otemporal vascular arcade. ( b ) Fluorescein angiography 
before intravitreal clindamycin and dexamethasone shows 
remarkable hyper fl uorescence resulting from leakage of 

dye from TRC. ( c ) A horizontal optical coherence 
tomography scan obtained through the papillomacular 
bundle demonstrated mild macular thickening with 
swelling of the optic disc. The retina map analysis indi-
cates a central macular thickness of 256  m m. His visual 
acuity was 20/125       
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occur only in patients with severe ocular  disease. 
Rhegmatogenous retinal detachments, for  example, 
have been related to the severity of in fl ammation. 
Macular edema is believed to be uncommon  [  33  ] , 

for unknown reasons (Fig.  6.17a, b ). Prolonged 
infections, intense in fl ammation, and complica-
tions can occasionally lead to phthisis or enucle-
ation  [  17,   34  ] .     

 In OT visual acuity may range from 20/20 to 
20/400, depending on the extent of macular or 
optic nerve involvement  [  34,   35  ] . Therefore, pre-
dicting future vision in a preverbal child should be 
done with caution. Of the patients followed from 
the newborn period and treated, 29% had bilateral 
visual impairment with the vision in the better eye 
being less than 20/40. Causes for this visual 
impairment in eyes with quiescent lesions included 
macular scars, dragging of the macula secondary 
to a peripheral lesion, retinal detachment, optic 
atrophy, cataract, amblyopia, phthisis, and other 
complications that can be prevented in some cases 
 [  34  ] . Tan et al.  [  35  ]  have concluded that although 
visual impairment was associated with the pres-
ence of posterior pole lesions, just more than half 
of eyes affected by a posterior pole lesion had nor-
mal vision (6/12 or better), compared to 84% of 
those with peripheral lesions alone.    Fig. 6.14    Acquired ocular toxoplasmosis with vitreitis       

  Fig. 6.15    Preretinal hemorrhages in four cases with ocular toxoplasmosis       
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   Epidemiology 

 The factors that affect the epidemiology of OT 
are related to the parasite as well as the host and 
the environment, and include endogenous factors 
such as age, sex, medical history, and immunoge-
netic background, as well as exogenous factors 
such as climate, public health, dietary habits, and 
causative strands. The exogenous factors in partic-
ular may change over time, and periodic imple-
mentation of epidemiological surveys of OT is 
important. 

 Toxoplasmosis is the most frequent cause of 
infectious uveitis in many countries including 
Brazil, where it occurs in approximately 30% of 
patients  [  25,   36,   37  ] . Population-based studies of 
adolescent and adults, most of whom have 

 postnatally acquired infection, report the risk of 
retinochoroiditis to vary from 2% in North 
Eastern Brazil to 25% in Southern Brazil  [  31,   38, 
  39  ] . High  T. gondii  seroprevalence has been 
found in countries (such as France) where under-
cooked meat is commonly eaten and in tropical 
areas of Latin America or sub-Saharan Africa 
where cats are abundant and the climate favors 
both survival of and exposure to oocysts;  [  40  ]  
with antibodies detectable in as many as 65% of 
the population age >60 years  [  41  ] . Table  6.1  
depicts seroprevalence of different populations 
from around the world, speci fi cally from the 
developing world  [  3,   40,   42  ] .  

 Cats often spread oocysts away from their home, 
and feral cats may also be responsible for much of 
the environmental contamination with oocysts. 

  Fig. 6.16    Epiretinal membrane in a case of ocular toxo-
plasmosis. ( a ) Color photograph of epiretinal membrane 
in a case of ocular toxoplasmosis. ( b ) Optical coherence 

tomography horizontal scans demonstrating epiretinal 
membrane in a case of ocular toxoplasmosis       

  Fig. 6.17    Cystoid macular edema in ocular toxoplas-
mosis is uncommon. ( a ) Fluorescein angiogram demon-
strating the classic petalloid pattern. ( b ) Optical coherence 

tomography horizontal scan demonstrating cystoid macu-
lar edema and a pocket of subretinal  fl uid       
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Owning a cat has been associated with  T. gondii  
seropositivity, and was more common among 
 persons in the lower and middle socioeconomic 
groups  [  43  ] . The reports of outbreaks of  T. gondii  
infection in Canada  [  1  ] , Brazil  [  3  ] , and India  [  12  ] , 
after exposure to contaminated water, made this 
form of transmission evident. Drinking tap water 
has been associated with an increase risk of  T. gon-
dii  seropositivity  [  43  ] . In 2001, there was a large 
toxoplasmosis outbreak in a city in the state of 
Parana, in Brazil, and 294 patients were reported to 
the health authorities with fever, headaches, and 
myalgias and positive results for both IgM and 
IgG anti– T. gondii  antibodies. The outbreak has 
been linked to the spread of the oocysts through 
the water  [  17  ] . From the affected patients 4.4% 
showed typical necrotizing retinochoroiditis, and 
95% presented without chorioretinitis but had 
 atypical lesions such as retinal whitening, 
retinal vasculitis, anterior uveitis, and vitreous 
opacities  [  43  ] . 

 Studies linking endemic  T. gondii  infection to 
contaminated water have been performed in both 
the developed and developing world. Water from 

municipal suppliers in urban areas is generally 
treated with  fl occulation/sedimentation and is 
 fi ltered through materials such as anthracite coal 
and silica sand; the combined process will 
remove 99% of particles as small as 4  m m in 
diameter, including  T. gondii  oocysts, which are 
12  m m in diameter. Thus, water treatment is not 
expected to be a routine source of infection in 
these areas, but periodic  fi ltration failures at 
water treatment plants could theoretically result 
in epidemic of  T. gondii  infection, as has occurred 
with other parasitic diseases, such as cryptospo-
ridiosis  [  17  ] . 

 Based on seroprevalence studies in the United 
States, the proportion of  T. gondii -infected indi-
viduals who have ocular involvement has been 
estimated to be approximately 2%. In contrast, 
17.7% of all individuals in southern Brazil have 
retinal  fi ndings consistent with  T. gondii  infec-
tion (21.3% of individuals 13 years of age or 
older). There may be regions in Africa that also 
have high rate of OT, although the disease has 
been studied in less detail on that continent. In 
one study, 40 (43%) of 93 patients with uveitis in 

   Table 6.1    Toxoplasmic seroprevalence in different parts of the world   

 Location  Group of study  Percentage (%) of seroprevalence 

 France  Pregnant woman  71 
 Panama  6 years old 

 60 years old 
 13 
 90 

 Ibadan in Nigeria  Pregnant woman  78 
 Somalia  Persons living in the drier regions  44 
 South Delta in Nigeria  NA  83 
 United States (NHANES 1988–1994)  Different regions of the country  22.5 
 Armenia in Colombia  Between 18 and 45 years old  61 
 Brazil  Adult population  50–80 
 Mexico  NA  19.5–32 
 United States (NHANES 1999–2004)  6–49 years old  10.8 
 Caracas in Venezuela (1964–1965)  NA  47 
 Maracaibo in Venezuela (2001)  8 months–76 years old  36.6 
 Panama  NA  0–42.5 
 Amerindians from Western Venezuela  1–69 years old  49.7 
 Cuba  Pregnant woman  71 
 East Africa  NA  29.6–41.7 
 North Africa  NA  52.2 
 West Africa  NA  20.6 
 Ethiopia  NA  80 

   NA  not available,  NHANES  National Health and Nutrition Examination Survey  
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Sierra Leone were diagnosed with ocular 
 toxoplasmosis  [  17  ] . Several studies have esti-
mated the risk of retinochoroiditis in toxoplasma-
infected individuals. The lowest estimate is given 
by Burnett et al.  [  5  ] , who calculated that between 
2,894 and 7,718 individuals acquired the infec-
tion during the outbreak in greater Victoria, of 
whom 20 developed  T. gondii  retinitis and pre-
sented to the ophthalmologist: a risk of 0.3–0.7% 
in the year after the outbreak. On the other hand, 
a population-based study in southern Brazil  [  8  ]  
showed that approximately 25% of infected 
adults had retinochoroidal lesions, and 10% 
developed lesions within 7 years of infection 
 [  44  ] . In London, the prevalence of symptomatic 
TRC is higher in black individuals born in West 
Africa than in the general population  [  39  ] . 
Patients from West Africa also have a higher 
prevalence of OT than black individuals living in 
London who were born in East Africa, the West 
Indies, or in Britain, suggesting that conditions in 
their geographic regions of origin, rather than 
race per se, in fl uenced the risk of disease. In a 
northern California study, active TRC was more 
common among Hispanic patients (8.64 
cases/100,000 population) than among non-
Hispanics patients (2.56 cases/100,000 popula-
tion)  [  27  ] . The higher prevalence of  T. gondii  
infection seen in some areas and in some racial/
ethnic group may be due to cultural factors that 
cause different exposures in terms of parasitic 
stage, amount of inoculums, or age at infection 
and reinfections. 

 Studies have shown that the majority of  
T. gondii  infections among immunocompromised 
patients in North America and Europe are attrib-
utable to type II parasites, although types I and III 
can also be identi fi ed in a substantial number of 
cases. Type II parasites also predominate among 
congenital infections in North America and 
France. In contrast, a study of chickens in Brazil 
showed that most infected birds had type I para-
sites; some had type III parasites, but none had 
type II parasites  [  45  ] . 

 In vitro studies suggest that strain virulence 
can affect varying degrees of immune activation, 
tissue penetration, and the ability of the organ-
isms to encyst. As treatment is effective only 

during the tachyzoites phase, prior to encystment, 
this raises the possibility that responses to anti-
toxoplasma treatment may differ between strains. 
As compared to children in Europe, children with 
CT in Brazil tend to develop retinochoroiditis 
earlier and are found more often to have either 
multiple lesions or larger lesions that are more 
likely to affect the posterior pole and hence to 
threaten vision. This higher frequency and severity 
of ocular disease in Brazil compared with Europe 
has been suggested to be due to exposure to more 
virulent strains of  T. gondii   [  39  ] . Possible clinical 
and policy implications of these  fi nding could be 
the development of targeted treatment and pre-
ventive strategies depending on the prevailing 
parasite genotype. 

 Lower levels of education have been associ-
ated with an increased risk for toxoplasmosis in 
the overall and race-/ethnicity-speci fi c logistic 
regression models. Since lower levels of educa-
tion are associated with lower socioeconomic 
status, such increased risk may be related to 
employment in jobs with greater soil exposures. 
Other food-related factors that could in fl uence 
trends in  T. gondii  exposure include growth in the 
frozen preprepared meal and frozen meat markets 
(because  T. gondii  cysts are usually inactivated 
by deep freezing) and use of enhancement solu-
tions in commercially prepared pork meat  [  46  ] . 

 Clearly, anti– T. gondii  antibody seropreva-
lence is higher in Latin America than in Europe 
or the USA. The varying seroprevalence between 
African countries might be explained by differ-
ences in socioeconomic status, food habits, and 
even the screening method. To our knowledge, 
France and Austria are the only countries where 
testing for toxoplasmosis is required by law in 
woman of childbearing age. France has the 
most stringent program, but its epidemiologic 
impact on OT has not been assessed recently. 
Toxoplasmosis may be equally important in many 
other developing and developed countries, where 
cultural habits and the lack of adequate sanitary 
conditions expose populations to a variety of 
diseases. Adequate health education of commu-
nities, in general, about the parasites and their 
prevention, as well as the adoption of measures to 
improve conditions of hygiene and basic 



936 Retinal and Choroidal Manifestations of Toxoplasmosis

 sanitation for the people of the world are impor-
tant factors in controlling it and other communi-
cable diseases of public health signi fi cance.  

   Diagnosis 

 Delaying diagnosis may worsen outcome in 
patients with OT. This is more important in chil-
dren, in whom vision is often lost due to retinal 
complications. Patients come to the ophthalmolo-
gist at different stages of the disease and will 
therefore be tested at different stages of anti-
body response. In almost all cases the diagnosis 
is based primarily on dilated fundus examination 
and con fi rmed by the presence of circulating 
speci fi c antibodies against  T. gondii   [  47  ] . 

 Immunocompromised patients are at increased 
risk for developing acute toxoplasmosis, which 
has a poor prognosis and may be rapidly fatal if 
left untreated. Ocular toxoplasmosis may follow 
a severe course in patients with AIDS, having 
atypical features (see Figs.  6.5 ,  6.6 ,  6.7 , and  6.8 ), 
such as bilateral active lesions, large areas of 
active retinal necrosis, lesions arising perivascu-
larly and not from old scars, bilateral in fl ammation, 
and in fl ammation extending into the orbit and 
causing cellulitis and panophthalmitis  [  48  ] . For 
this reason, an early diagnosis is crucial in these 
cases with different tests that will be discussed 
as follows. 

 Multiple laboratory tests, at different time 
points, may be required for a more complete 
assessment. The addition of an anti– T. gondii  IgA 
assay to the detection of IgM and IgG increases 
the sensitivity of identi fi cation of cases with 
recently acquired toxoplasmosis since this class 
of antibodies disappear quicker than IgM  [  47  ] . 
The detection of anti– T. gondii  IgM antibodies is 
not completely reliable for the diagnosis of recent 
OT infection, because IgM antibody titers can 
be naturally occurring or can occasionally even 
persist for more than 2 years after the onset of 
disease in some cases. For the detection of acute 
congenital disease in fetuses and newborns, IgA 
antibodies are often used, because the IgM pro-
duction is still weak and IgG antibodies can be of 
maternal origin. Serum IgA antibodies were only 

found during 6–7 months after primary infection. 
In contrast to IgM antibodies, natural IgA anti-
bodies have not been reported to date, and anti–
 T. gondii  IgA antibodies are not found in chronic 
toxoplasmosis  [  47  ] . Most reports of postnatally 
acquired ocular toxoplasmosis describe ocular 
involvement during the acute phase of infection, 
in which laboratory testing demonstrates a 
distinct serologic pro fi le including the presence 
of high levels of IgG  [  49  ] . 

 There are several serological tests for toxo-
plasmosis diagnosis. Sabin–Feldman dye test is 
the gold standard above all other methods. It is a 
neutralization assay in which live organisms are 
lysed in the presence of complement and IgG 
 T. gondii –speci fi c antibody. It is only used in 
research centers and reference laboratories  [  11  ] . 

 Indirect  fl uorescent antibody test (IFAT) is 
available for IgG and IgM detection. False-
positives can occur in the presence of antinuclear 
antibodies (ANA) for IgG detection and ANA or 
rheumatic factor (RF) for IgM detection  [  11  ] . 

 Demonstration of intraocular antibody pro-
duction determines the diagnosis of active ocular 
toxoplasmosis. Antibody titers are measured in 
aqueous humor and serum, and Goldmann–
Witmer coef fi cient is calculated. Analysis of 
IgG, IgM and IgA increases the sensitivity of 
aqueous humor study  [  11  ] . 

 Polymerase chain reaction (PCR) is a diag-
nostic test with the ability to determine the 
presence of DNA from an infectious agent and 
not the response to the infection assessed by anti-
body response. Therefore, its performance is not 
altered by the immune response of the patient. 
Polymerase chain reaction is highly sensitive and 
speci fi c but should be done under standardized 
conditions. One study showed that the PCR 
sensitivities for  T. gondii  in aqueous and vitreous 
were 75% and 50%, respectively, whereas the 
speci fi cities from these same sources were 100% 
and 93.7%  [  17  ] . The analysis of intraocular  fl uids 
such as aqueous and vitreous as well as chori-
oretinal biopsies is generally reserved for special 
cases, such as in AIDS patients, where the differ-
ential diagnosis with other infections such as 
necrotizing herpetic retinitis (CMV, VZV, HSV) 
may be a problem. 
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 Fluorescein angiography (FA) does not usually 
contribute signi fi cantly to the diagnosis of OT in 
typical cases (Fig.  6.18 ); however, it is helpful in 
demonstrating associated features such as vascu-
litis (Fig.  6.19 ), vascular occlusion, arteriovenous 
shunt within the retina, retinochoroidal shunts, 
macular edema (see Fig.  6.17a ), and CNV, as 
well as optic nerve and neuroretinal involvement 
(see Fig.  6.13a, b )  [  18  ] . Indocyanine green (ICG) 
angiography is useful for the early diagnosis of 
recurrent OT because it can identify an area of 

reactivation not yet detectable by ophthalmo-
scopic examination or FA  [  8  ] . Furthermore, 
future ICG angiography studies might bring new 
information that could result in improved man-
agement of TRC and may give new insights into 
the pathophysiology of the disease (Fig.  6.20 ).    

 Optical coherence tomography (OCT) is a 
diagnostic tool that enables identi fi cation of sub-
tle morphological features not detectable on 
clinical examination (see Figs.  6.3c ,  6.13c , 
 6.16b , and  6.17b )  [  50  ] . Some OCT  fi ndings 
described in acute stages of OT include changes 
with deposits on the vitreoretinal interface with a 
focal area of increased intraretinal backscatter 
and thinning of the retina in this area. Furthermore, 
the lesions may have signi fi cant backscatter 
anterior to the retina indicative of the migration 
of in fl ammatory cells into the vitreous in asso-
ciation with a secondary partially detached 
posterior hyaloid face. In contrast, OCT may 
demonstrate an inactive toxoplasmic lesion with 
a region of enhanced re fl ectivity within the neu-
rosensory retina corresponding to previous 
in fl ammation where there are focal areas of frag-
mentation within this re fl ective band correspond-
ing to retinal pigment epithelium proliferation 
and hyperpigmentation; also, there may be the 
presence of increased backscatter from the chor-
oid consistent with pigmentary atrophy. The 
super fi cial layers of the retina appear to be pref-
erentially involved and thinned, which is consis-
tent with the predilection of toxoplasmosis for 
neural tissue  [  51  ] . Optical coherence tomogra-
phy also helps to identify vitreoretinal traction in 
patients with macular edema. 

 Ocular ultrasound may be helpful in identify-
ing associated retinal pathologies in cases where 
visualization is impaired by media opaci fi cation.  

   Differential Diagnosis 

 Congenital toxoplasmosis of the newborn must be 
differentiated from the other infectious diseases 
of the TORCH group (rubella, cytomegalovirus, 
and herpes simplex virus, as well other congenital 
infectious diseases that may simulate toxoplas-
mosis, such as syphilis and tuberculosis). 

  Fig. 6.18    Fluorescein angiography con fi rmed the pres-
ence of a focal lesion of retinochoroiditis. This lesion 
masked  fl uorescence early during the study and was sur-
rounded by a hyper fl uorescent rim. There was no signi fi cant 
leakage in the late stages of the angiogram. The retinal 
component of the  fl uorescein angiogram was normal       

  Fig. 6.19    Retinal vasculitis in ocular toxoplasmosis       
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Important noninfective ocular entities that may be 
confused with CT include coloboma, persistent 
hyperplasic primary vitreous, and retinoblas-
toma  [  8  ] . 

 Recurrent  Toxoplasma  lesions adjacent to 
retinochoroidal scars may resemble serpiginous 
choroiditis. Other conditions that are important 
in the differential diagnosis of ocular toxoplas-
mosis are necrotizing retinitis caused by herpes 
viruses (CMV, herpes simplex, herpes zoster), 
fungal retinitis (candidiasis, blastomycosis), 
septic retinitis, ocular toxocariasis, sarcoidosis, 
syphilis, and tuberculosis  [  8  ] . 

 The atypical forms of OT, that were described 
above, deserve distinct differential diagnosis 
awareness. In cases of  Toxoplasma  neuroretinitis, 
other causes of neuroretinitis, such as cat scratch 
disease and viral syndromes, must be excluded. 

 Toxoplasma  neuroretinitis should be differenti-
ated from the optic neuritis associated with sarcoi-
dosis and CMV  [  8  ] .  

   Management 

 Antimicrobial therapy is absolutely required for 
systemic toxoplasmosis in newborns, pregnant 
woman, and immunosupressed patients and in 
acute symptomatic disease specially when 
threatening vision due to the anatomic location 
and/or severe in fl ammation. Patients with chronic 
toxoplasmosis do not require treatment when 
the disease is inactive, except in special cases 
where it is used to decrease the chance of recur-
rence as no treatment is effective at eliminating 
the tissue cyst. 

  Fig. 6.20    An indocyanine green angiography con fi rmed the presence of a lesion of Fig.  6.18  that masked  fl uorescence 
throughout the study ( a – d ) and remained hypo fl uorescent in the late frames ( d )       
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 In general, TCR resolves spontaneously within 
6–8 weeks in most patients, although symptoms 
arising from the accompanying intraocular 
in fl ammation (e.g.,  fl oaters from the presence of 
vitreous cells) often take longer. Permanent visual 
impairment occurs when lesions affect the poste-
rior pole (within the macular arcade or adjacent 
to the optic disc) or because of complications of 
in fl ammation (e.g., vitreous opacity, epiretinal 
membranes, retinal detachment) develop  [  4  ] . 

 The lack of effective and early therapy for OT 
is responsible for the loss of eyesight in this 
parasitic disease. The experience in the treatment 
of OT in patients with AIDS has shown that anti-
toxoplasmic therapy is ef fi cient. The problem is 
that recurrences are generally unavoidable, and in 
non-immunosupressed patients, the immune sys-
tem also plays an important role causing destruc-
tive in fl ammation. Treatment has to be started 
before the process causes necrosis and destruction 
of the retina, and often the loss of vision is caused 
by recurrent bouts of the disease. 

 The type and duration of OT treatment should 
be individualized. It is determined by several 
factors such as, the immune status of the patient, 
severity of the in fl ammatory response, and if the 
site of the lesion is close to the macular area or 
optic nerve head. The current drugs are directed 
against active lesions but are unable to eradicate 
tissue cyts. Generally, initial antibiotic treatment 
includes oral pyrimethamine, sulfadiazine, and 
folinic acid. Folinic acid is usually added to 
decrease the risk of leukopenia and thrombocy-
topenia associated with pyrimethamine therapy 
 [  52  ] . However, a very well-tolerated therapy that 
has been used very effectively against OT is the 
combination of oral trimethoprim–sulfamethox-
azole and clindamycin  [  53  ] . More recently, other 
antimicrobials, such as azithromycin and atova-
quone, have been used successfully  [  54–  56  ] . 
There is no controlled evidence showing that one 
treatment is better than the other or that the asso-
ciation of other drugs to sulfadiazine and 
pyrimethamine improves results. All of these 
regimens are associated with the potential for 
signi fi cant side effects; some of which may be 
treatment limiting  [  54,   55  ] . The purpose of 

 treatment is to limit retinal damage by inhibiting 
multiplication of the parasites during the active 
stage of infection. Systemic corticosteroids can 
be added to avoid further damage of the retina by 
the in fl ammation. Classically, the use of intraoc-
ular injection of corticosteroids is contraindi-
cated in OT, but injection of short half-life agents, 
such as dexamethasone, may have a role in 
selected patients when used together with anti-
toxoplasmic agents. 

 We will brie fl y describe the characteristics 
of each of the more commonly used systemic 
antibiotics. 

   Pyrimethamine 

 This antibiotic interrupts the metabolic cycle of 
the parasite by inhibiting the dihydrofolate-
reductase enzyme, thereby preventing the con-
version of folic acid to folinic acid, which is 
essential in both DNA and RNA synthesis. 
Adverse effects of pyrimethamine include dose-
related bone marrow suppression (10%) with 
leukopenia, thrombocytopenia, and megalo-
blastic anemia, simulating folinic acid de fi ciency; 
these effects are reversible by interruption of 
treatment or administration of folinic acid. 
 Dosage : Adults: 100 mg loading dose, followed 
by 25 mg/day for 30–60 days. Children: 4 mg/kg 
loading dose followed by 1 mg/kg/day divided 
in two doses. Newborns should be treated daily 
for the  fi rst 6 months and then three times/week 
for their  fi rst year of life  [  8  ] .  

   Sulfonamides 

 Sulfonamides prevent normal utilization of 
paraminobenzoic acid (PABA) for the synthe-
sis of folic acid by the parasites. Sulfonamides 
and pyrimethamine are synergistic, and the 
concentration of sulfonamides in the eye 
reaches 50–80% of the simultaneous serum 
concentration. Precipitation of sulfonamides in 
the urine may cause crystalluria, hematuria, 
and renal damage. Adequate hydration with 
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oral  fl uids to  maintain a urine output of at least 
1,500 ml/day should avoid the problem; hyper-
sensivity reactions are quite variable and range 
from photosensitivity to a severe Stevens–
Johnson type of reaction involving skin and 
mucous membranes.  Dosage : Adults: 2 g load-
ing dose followed by 1 g every 6 h for 
30–60 days. Children: 100 mg/kg/day divided 
every 6 h. Newborns should be treated daily for 
their  fi rst year of life, with dosage of 100 mg/
kg/day divided into two doses  [  8  ] .  

   Folinic Acid 

 Folinic acid is used as an adjuvant in therapy with 
antifolate agents such as pyrimethamine. Folinic 
acid can be utilized by human cells but not by 
 T. gondii  and prevents bone marrow suppression 
caused by pyrimethamine and other folinic 
acid antagonists.  Dosage : 5 – 20 mg/day during 
pyrimethamine therapy depending on neutrophil 
count  [  8  ] .  

   Clindamycin 

 Clindamycin inhibits ribosomal protein synthesis 
and has good ocular penetration. A skin rash 
occurs in 10% of the patients treated with 
clindamycin and diarrhea in 2–20%. Pseudo-
membranous colitis can develop 0.01–10% of 
patients treated with clindamycin, requiring 
immediate interruption of therapy and adminis-
tration of vancomycin or metronidazole.  Dosage : 
300 mg every 6 h for 30–40 days. Children: 
16–20 mg/kg/day divided every 6 h  [  8  ] .  

   Azithromycin 

 Azithromycin inhibits ribosomal protein synthe-
sis  [  8  ] . Azithromycin is a nontoxic antibiotic that 
penetrates into phagocytic cells and reaches high 
intracellular and tissue concentrations. In vivo 
and in vitro ef fi cacy against  T. gondii  has been 
reported, with an effect on the cystic form if 

administered for longer than 4 weeks. 
Furthermore, it penetrates readily into brain tis-
sue. The concentrations of azithromycin in the 
ocular tissues are not yet known. Azithromycin 
has been considered for the treatment of OT 
because of its availability and limited toxicity 
and because it crosses the blood-brain barrier and 
appears to be widely distributed to brain tissue. 
However, resistant cases and recurrences have 
been reported  [  54  ] .  Dosage : Adult: 1 g in the  fi rst 
day followed by 500 mg once daily for 3 weeks. 
Children  ³ 6 months: 10 mg/kg on  fi rst day (max-
imum: 500 mg/day) followed by 5 mg/kg/day 
once daily (maximum: 250 mg/day)  [  11  ] .  

   Trimethoprim and Sulfamethoxazole 

 The combination of trimethoprim and sulfame-
thoxazole has been evaluated as a potentially 
less-toxic alternative for treatment of toxoplas-
mosis. Grossman et al. were able to demonstrate 
that the combination of trimethoprim and sul-
famethoxazole was synergistic and effective 
against otherwise lethal  T. gondii  infections in 
mice. Nguyen and Stadtsbaeder found a synergis-
tic effect of trimethoprim and sulfamethoxazole 
against intracellular  T. gondii  replication in cell 
cultures. The most common side effects are mild 
gastrointestinal problems (nausea, vomiting, 
cramps, and occasionally diarrhea) and mild skin 
lesions (usually mild, diffuse maculopapular 
rashes) attributable to hypersensitivity to sul-
famethoxazole. More serious skin hypersensitiv-
ity reactions, such as Stevens–Johnson syndrome, 
can occur but are rare  [  57  ] .  Dosage : 160/800 mg 
every 12 h for 30–40 days  [  8  ] .  

   Spiramycin 

 Spiramycin is less effective but also less toxic 
than the combination of pyrimethamine with 
sulfadiazine, so it is the drug of choice during 
pregnancy.  Dosage : Pregnancy: 500 mg every 
6 h for 3 weeks; regimen may be repeated after 
21 days  [  8  ] .  
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   Atovaquone 

 Atovaquone is a hydroxynaphthoquinone that 
has shown promise for the treatment of 
 Pneumocystis carinii  pneumonia in patients 
with acquired immune de fi ciency syndrome. 
Atovaquone, which acts by selective inhibition of 
mitochondria electron transport chain in proto-
zoa, also has been shown to have signi fi cant 
in vitro and in vivo activity against  T. gondii.  In 
animal models, atovaquone has activity against 
the tissue cysts (bradyzoites). Atovaquone is 
associated with very few side effects in healthy 
patients and appears to be well tolerated in immu-
nocompromised individuals  [  55  ] .  Dosage : 
750 mg every 6 h for 4–6 weeks  [  11  ] . 

 Other alternative agents are the tetracyclines, 
but they are contraindicated during pregnancy 
and in childhood because of the resultant brown 
discoloration of the teeth and depression of bone 
growth  [  8  ] . 

 Oral corticosteroids must be initiated at least 
48 h after antiparasitic drugs. The usual initial 
dose in adults is 40 mg per day followed by taper-
ing depending on clinical response. Generally, 
corticosteroids are suspended at least 10 days 
before the speci fi c anti-toxoplasma drugs  [  11  ] . 

 Topical therapy includes corticosteroids and 
mydriatic drugs. Corticosteroid frequency is 
indicated depending on the amount of in fl amm-
ation on the anterior segment. In severe to moder-
ated anterior uveitis, they are initiated every 1 or 
2 h, with a gradual decline in dosage over time. 
Cycloplegic/mydriatic agents are used to prevent 
or reverse the formation of posterior synechiae 
and to relieve the pain caused by spam of the 
ciliary muscle  [  11  ] . 

 Currently, there are three classic combination 
regimens for the treatment of OT: (1) 
pyrimethamine, sulfadiazine, folinic acid, and 
prednisone; (2) pyrimethamine, clindamycin, 
folinic acid, and prednisone; and (3) 
pyrimethamine, sulfadiazine, clindamycin, foli-
nic acid, and prednisone  [  11  ] . However, in a sur-
vey among all members of the American Uveitis 
Society in 2001, the most commonly used drugs 
to treat typical cases of OT were pyrimethamine 
(65%), sulfadiazine (54%), clindamycin (42%), 

and trimethoprim/sulfamethoxazole (28%). The 
remaining  fi ve antiparasitic agents used in cur-
rent regimens of choice are all used by no more 
than 10% of responders; they include atovaquone, 
spiramycin, azithromycin, minocycline, and 
pyrimethamine/sulfadoxine. Only 17% of respon-
dents used an oral corticosteroid drug for all 
immunocompetent patients with OT regardless of 
clinical  fi ndings. For those who do not use corti-
costeroids for all patients, indications for use of 
corticosteroids include severe vitreous humor 
in fl ammatory reactions (71%), decreased vision 
(59%), proximity of lesions to the fovea or optic 
disc or zone 1 (Fig.  6.21 ) (35%), and large lesions 
(5%)  [  58  ] .  

 Some patients are intolerant and allergic or 
have infections resistant to systemic therapy. 
Intraocular drug delivery is one option for these 
patients. Intravitreal injection of clindamycin 
alone or in combination with dexamethasone 
has been reported as an alternative for such 
patients  [  59  ] . We often use intravitreal clin-
damycin and dexamethasone for the treatment of 

  Fig. 6.21    Illustration demonstrates the topographic loca-
tion of the toxoplasmic retinochoroiditis lesion in the ret-
ina. Zone 1: Lesions located in an area between the 
temporal vascular arcades, affecting an area within 
3,000  m m of the center of the fovea or 1,500  m m from the 
edges of the optic disc. Zone 2: Lesions located outside 
the boundaries of the zone 1, up to the anterior margins of 
the vortex veins. Zone 3: Lesions outside the zone 2 up to 
the ora serrata       
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zone 1 TRC in pregnant patients, in patients with 
disease progression despite systemic therapy, or 
in patients with lesions located at or near the 
fovea and/or optic disc. Such combined therapy 
is typically effective at controlling TRC and 
improving both in fl ammation and vision 
(Figs.  6.13  and  6.22 ). Recently, Sobrin et al.  [  59  ]  
reported a case series of six patients who were 
treated with a single intravitreal injection of clin-
damycin alone (1 mg/0.1 mL). Complete resolu-
tion of vitreous in fl ammation was noted within 
6 weeks in  fi ve of six patients.  

 Photocoagulation and cryotherapy have been 
proposed for the treatment of TRC and to 
decrease relapse rates  [  60,   61  ] . These procedures 
cause destruction of the cysts and the tachyzoites 
in the retina. However, photocoagulation and 

cryotherapy of active lesions have been associ-
ated with severe complications, including chor-
oidal neovascularization, vitreous hemorrhages, 
and retinal detachment  [  62  ] . Vitreous surgeries 
should be used if there are vitreal opacities or 
vitreal membranes that obstruct vision or cause 
traction on the retina. Vitrectomy should be 
 performed after the in fl ammatory process is 
 controlled  [  63  ] .   

   Controversies and Perspectives 

 Although serological tests can reliably identify 
individuals with recent  T. gondii  infections, 
there are currently no serological techniques to 
discriminate between patients with congenital 

  Fig. 6.22    Same patient as in Fig.  6.13  after four weekly 
injections of intravitreal clindamycin and dexamethasone. 
( a ) Color fundus photograph demonstrates resolution, and 
a large decrease in both the size of the lesion along the 
inferotemporal vascular arcade and vitreous in fl ammation. 
( b ) Fluorescein angiogram demonstrated a signi fi cant 

decrease of leakage from toxoplasmic retinochoroiditis. 
( c ) Optical coherence tomography scan shows normaliza-
tion of the papillomacular anatomy and a decrease in the 
height of the peripapillary granuloma. The retina map 
analysis indicates a central macular thickness of 240  m m. 
His visual acuity improved to 20/40       
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infections and remote postnatally acquired 
 infections. In addition, clinical characteristics 
do not always reliably distinguish between 
patients with congenital and postnatally acquired 
infections. 

 Ocular  fl uid analysis shows that intraocular 
anti– T. gondii  IgG production is more frequently 
present in patients with recurrent ocular toxo-
plasmosis, whereas  T. gondii  DNA is more fre-
quently present in ocular  fl uid samples from 
patients with primary OT. The presence of DNA 
in patients with primary OT and serologic evi-
dence of acute systemic toxoplasmosis is possibly 
caused by the gradual activation of the intraoc-
ular  T. gondii –speci fi c immune response, which 
is not yet capable of clearing the infectious agent 
in the early stage of the disease. Intraocular anti–
 T. gondii  IgA antibodies could be detected in 
patients with both acute and chronic stages of 
systemic infection and in patients with primary 
OT as well as in patients with recurrent OT. In 
contrast, serum IgA antibodies have been noted 
so far only in the acute phase of primary disease. 
The intraocular presence of IgA is therefore not a 
marker of acute disease, but it could be caused by 
the unique environment of the eye, where the 
cytokine transforming growth factor- b (beta) is 
present in relatively high levels  [  48  ] . We consider 
that the combination of serum anti– T. gondii  IgG, 
IgM, and IgA to be essential for evaluation of 
any TRC case. However, most cases are diag-
nosed clinically. 

 Proliferating parasites are believed to be 
responsible for tissue destruction, whereas hyper-
sensitivity reactions to the parasite are responsi-
ble for associated in fl ammatory signs, including 
retinal vasculitis, anterior uveitis, vitreous 
in fl ammatory reactions, and retinal edema. While 
it has been suggested that intraocular in fl amm-
ation can occur without necrotizing retinochor-
oiditis in patients with acquired  T. gondii  
infections, there has been little data provided to 
support such statements. It is known that retin-
ochoroidal scars can  fi rst develop after birth in 
patients with congenital infections and that tissue 
cyst can exist in normal-appearing retina  [  7  ] . 
Acquired  T. gondii  infection should be consid-
ered in the differential diagnosis of patients with 

the recent onset of nonspeci fi c vitreous humor 
in fl ammation and retinal vasculitis, especially in 
the presence of constitutional symptoms. 

 Clinicians are cautioned against corticosteroid 
injections in patients of acquired  T. gondii  infec-
tions if there is evidence to suggest systemic 
toxoplasmosis because the in fl ammatory reac-
tions may be in response to parasites within the 
eye and treatment may facilitate proliferation of 
organisms, leading to necrosis that would other-
wise have been prevented by host defenses. On 
the other hand, low-dose corticosteroid mono-
therapy has been administered without severe 
side effects in some reports. However, a well-
de fi ned study of the effect of corticosteroid 
monotherapy in OT as well as the additional 
value of corticosteroids as adjuvant therapy has 
not been performed. Thus, the use of corticoster-
oids for the treatment of OT is controversial, and 
the timing and dosages during the course of 
the disease are not well de fi ned  [  64  ] . Basically, 
topical and half-dose (0.5 mg/kg/day) corticos-
teroids are  fi ne with antimicrobial cover. Depot 
corticosteroids, both periocular and intraocular, 
are contraindicated. Intravitreal dexamethasone 
is  fi ne with antimicrobial cover because it only 
lasts a day or two. Ocular toxoplasmosis in immu-
nocompromised patients is often treated without 
the use of corticosteroids, thereby reducing the 
risk of further suppression of host defenses; clin-
ical series have shown that the signs of OT, 
including in fl ammatory signs, can respond rap-
idly to antiparasitic therapy alone in immuno-
compromised patients. 

 A variety of observations suggest that clinical 
features of OT are related to age of the host. The 
distribution of active TRC episodes in relation to 
patient age has been remarkably similar in many 
reports. Ocular involvement during the acute 
phase of postnatal toxoplasmosis occurs predom-
inantly in elderly patients  [  65  ] . In addition, it has 
been described a relationship between older age 
and larger lesions. A relationship between age 
and scar size could be explained by a history of 
progressive enlargement in older patients with 
long-standing disease and multiple reactivations, 
but this explanation would not account for a 
 relationship to the area of the active recurrence. 
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The latter relationship may re fl ect waning 
 immunity with a decreased ability to limit the 
proliferation of parasites among elderly patients. 

 Ocular toxoplasmosis is one of the few forms 
of uveitis in which intraocular pressure (IOP) is 
elevated during the initial phase of in fl ammation; 
others include herpetic anterior uveitis (HSV, 
VZV, CMV), sarcoidosis, Posner–Schlossman 
syndrome, and syphilitic uveitis. The cause of 
elevated IOP in eyes with OT is unknown  [  26  ] . 
Westfall et al. identi fi ed a possible relationship 
between elevated IOP and increased anterior 
chamber cells, but the relationship was not statis-
tically signi fi cant  [  26,   66  ] . 

 The source of the original infection in patients 
with OT has been a subject of debate. For many 
years, it has been widely accepted that nearly all 
scars are the residua of congenital infections 
and that ingestion of undercooked meat is the 
major source of primary, acquired infection in 
pregnant women and others. Recent observa-
tions have challenged these traditional beliefs 
 [  24  ] . A better understanding of the source of 
initial infection in patients with recurrent TRC 
has important implications for prevention of 
disease transmission and possibly for treatment. 
If establishment of retinal infections with 
acquired disease is more common than hereto-
fore believed, it is important to reconsider 
sources of infection. Ingestion of tissue cysts 
has traditionally been assumed to be the major 
route by which infection occurs  [  17,   24  ] . 

 Evidence that strain type does indeed affect 
disease outcome in humans is increasing. We 
need a more detailed understanding of the popu-
lation structure for this ubiquitous parasite. Most 
of the existing information is from a few regions 
(principally Europe, Brazil, and North America) 
and a limited number of animals and people with 
severe disease. Although certain strains appear to 
dominate in these groups, the numbers analyzed 
in detail remain small. The use of SAG2 for geno-
typing  T. gondii  strains is capable of distinguish-
ing all three clonal genotypes at a single locus. 
This approach works well in North America and 
Europe where the three major lineages predomi-
nate because of extreme linkage disequilibrium. 
Current  fi ndings indicate that most strains from 

Brazil as well as many other countries do not  fi t 
the clonal pattern seen in North America. 
Consequently, studies that rely solely on  SAG2  
typing will necessarily under represent the true 
genetic divergence in many regions  [  45  ] . 

 Further research is required to determine 
whether virulence factors are associated with 
prolongation of the tachyzoite phase, which could 
create a longer therapeutic window before tissue 
cyst formation when anti-toxoplasmic treatment 
might be effective  [  40  ] . 

 Finally, the factors that affect the epidemi-
ology of ocular toxoplasmosis include endoge-
nous factors such as age, sex, medical history, 
and immunogenetic background, as well as 
exogenous factors such as climate, public health, 
dietary habits, and causative strands. Primary 
preventive strategies should include children 
and adults at risk of ocular disease as a result of 
postnatal infection and should not be con fi ned to 
pregnant women. Additionally, prophylaxis to 
prevent recurrence of OT in immunocompetent 
individuals has been advocated by some groups 
and is in continual discussion.  

   Focal Points 

 The timing of toxoplasma infection leading to 
ocular disease is rarely known. However, current 
evidence suggests that many more people are 
affected by postnatal than by prenatal toxoplas-
mosis. This has major public health implications. 
Considerable expertise and expense is concen-
trated on screening and health information to 
reduce the risks of toxoplasmosis due to prena-
tally acquired infection, principally to reduce 
the risks of ocular morbidity in the long term. 

 Initial retinal infection may be subclinical, 
with development of retinal lesions months or 
years later. Tissue destruction is probably attrib-
utable both to proliferation of  T. gondii  and to 
in fl ammatory reactions, but the relative impor-
tance of each factor may vary between hosts. In 
some cases, the disease may be predictably self-
limiting, and so no intervention is needed. In 
other instances, aggressive treatment may be 
warranted. These decisions will probably be most 
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important in the treatment of maternal infection, 
in which the developing fetus is especially sensi-
tive to drugs, and so the drugs must be used only 
when absolutely necessary. 

 Patients can periodically have mild, transient 
recurrences of in fl ammation without evidence of 
active retinochoroiditis. Attention to these various 
observations may help to understand disease 
mechanisms, ultimately with implications for 
choice of therapy. Reinfection with  T. gondii  
might explain some clinical observations and 
should be investigated with new techniques that 
can differentiate between parasite types. Disease 
features are probably more diverse than tradition-
ally taught; yet most, if not all, “atypical” forms 
of disease appear to be part of a spectrum of the 
same basic disease process of retinal infection 
with stimulation of a host immune response. 

 Although the general approach to manage-
ment of OT is similar for most uveitis specialists, 
there is currently no consensus regarding a pre-
ferred treatment regimen. 

 Prognosis of OT is generally good in immu-
nocompetent individuals. Immunosuppressed 
patients and the elderly may have more chronic 
disease, and vision loss can occur secondary to 
macular scar formation, optic nerve involvement, 
vascular occlusion, retinal detachment, and other 
potential complications:

   Acquired toxoplasmosis in childhood may • 
lead to severe blinding OT late in life and anti-
toxoplasma drugs may be indicated when the 
infection is diagnosed.  
  Most cases of OT are acquired, not congenital.  • 
  The classic clinical presentation for OT is • 
retinochoroiditis, but rarely only vasculitis or 
small areas of retinal thickening/whitening 
can be seen.  
  Pregnant women can rarely transmit the infec-• 
tion to fetus more than once.  
  Cats and meat are not the only source of infec-• 
tion; both air and water sources have been 
recognized.  
  Anti-toxoplasma drugs should be given • 
according to the clinical picture and not just 
for 4–6 weeks.  
  Prevention of recurrence is possible and • 
should be used in high-risk patients.  

  Recurrences not just related to retinal cysts • 
(persistency of infectious agent).  
  PCR and modern molecular biologic tech-• 
niques still play a minor role in diagnosis.         
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  Abstract 

 Infections with bartonellosis, lyme, and syphilis are not uncommon, 
especially in selected populations of patients who are at risk. Ocular mani-
festations, which include retinal and choroidal diseases, are protean and 
may be initial presentations of the infections or may represent extension 
of the systemic infectious processes. The diagnosis is often established 
clinically, with serologic evaluations performed for con fi rmation. Therapy 
is targeted with speci fi c anti-infectious agents aiming directly at the 
underlying infectious organisms. Systemic corticosteroid may be used 
subsequently to provide complementary control of the in fl ammation. 
Ocular involvements, similar to central nervous system disease, mandate 
intravenous administration of therapeutic agents over suf fi cient treatment 
duration.  
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   Introduction 

 The human eye can offer critical clues to the 
presence of systemic diseases, which may be 
manifested initially as ocular morbidity. In such 
cases, information obtained from careful ocular 
examination may aid in the diagnosis. On the 
other hand, the diagnosis of selected systemic 
diseases warrants detailed ocular examination, as 
the eye is often involved. The index chapter will 
discuss the diverse retinal and choroidal manifes-
tations in ocular Bartonellosis, Lyme disease, and 
syphilis.  

   Bartonellosis 

 The  fi rst manifestations of ocular bartonellosis 
were  fi rst described by Henry Parinaud in 1889. 
Parinaud reported three patients presenting with 
follicular conjunctivitis, regional lymphadenop-
athy, and chronic fever, in addition to a prior 
history of contact with pets  [  1  ] . The newly 
reported manifestations were named Parinaud’s 
oculoglandular syndrome (POGS). Over the 
following years, the association of POGS and 
exposure to pets was con fi rmed in several reports 
 [  2,   3  ] . Several decades later   , an association was 
established between the POGS and cat scratch 
disease (CSD)  [  3  ] , an infectious disease that was 
 fi rst described by Debré et al. in 1950 and char-
acterized by tender and swollen regional lymph 
nodes  [  4  ] . An association between CSD and 
neuroretinitis was  fi rst suggested by Sweeney 
and Dance in 1970  [  5  ]  and con fi rmed 7 years 
later by Donald Gass  [  6  ] . 

 For nearly a century, the etiologic agent of 
POGS and CSD was not identi fi ed; it was not 

until the evolution of biomolecular technology in 
the mid-1990s of the past century that allowed 
the identi fi cation of  Bartonella henselae  as the 
causative agent of CSD  [  7,   8  ] . In 1994, Golnik 
and associates were the  fi rst to report a serologic 
evidence of systemic Bartonella infection in 
patients with neuroretinitis  [  9  ] . Since the early 
1990s,  B. henselae  has been incriminated in an 
increasing list of medical conditions including 
POGS, CSD, neuroretinitis, focal retinochoroiditis, 
and bacillary angiomatosis  [  10,   11  ] . 

  B. henselae  is one of 21, so far identi fi ed, 
Bartonella species. Of these 21, eight species 
have been found to cause human diseases, four of 
which ( B. henselae, B. quintana, B. grahamii, 
and B. elizabethae ) have been linked to ocular 
complications  [  12  ] . In immunocompetent indi-
viduals, Bartonella species are capable of caus-
ing Oroya fever, Trench fever, endocarditis, 
myocarditis, bacteremia, cat scratch disease, and 
neuroretinitis. The list of diseases grows even 
longer in immunocompromised patients to 
include chronic fevers, bacteremia, peliosis hepa-
titis, and bacillary angiomatosis  [  12  ] . 

   Epidemiology 

 The prevalence of CSD has been estimated to be 
9.3 per 100,000 population with an annual inci-
dence rate of about 22,000 cases and approxi-
mately 2,000 annual hospitalizations and with an 
annual cost of health care, estimated in 1993, of 
12 million US dollars  [  13  ] . 

 Over 90% of patients report a history of hav-
ing been scratched by a cat, often a kitten. 
Children younger than 10 years of age are par-
ticularly susceptible to Bartonellosis, constituting 
nearly 80% of cases  [  10  ] . 
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 Cat-to-cat transmission of  B. henselae  is 
mediated by the cat  fl ea  (Ctenocephalides felis) . 
The role of  fl eas, however, in transmission of 
infection to humans, is unknown, although  fl ea 
feces remain infectious for long periods and 
could transmit  B. henselae  through direct inocu-
lation of open wounds or mucous membranes, 
such as the conjunctiva  [  14  ] . Cat-to-human trans-
mission may occur from trauma (scratch), inhal-
ing materials infected by cats, being licked by 
infected animals, or rubbing one’s eye after 
contact. Human-to-human transmission has not 
been reported. 

 It is estimated that the total population of 
cats in United States is around 60 million with 
nearly one-third of all homes having a cat. It is 
also estimated that 10–40% of domestic cats 
have asymptomatic bacteremia  [  15  ] . Kittens in 
particular are susceptible to infection with 
 B. henselae  and may have asymptomatic bacte-
remia for several weeks, whereas some adult 
cats have been shown to be chronic carriers. 
Multiple infections within the same family have 
been reported  [  16  ] . However, removal of the cat 
from the house is considered unnecessary as the 
overall rate of human transmission is generally 
low  [  17  ] . 

 Typical manifestations of CSD include con-
junctival injection, watery discharge, and for-
eign body sensation. A granulomatous nodule, 
usually unilateral, develops in the palpebral 
conjunctiva, surrounded by follicles, intense 
chemosis, and injection. The nodule may be 
single,  fl at, and large, or multiple and raised. 
The fornices and bulbar conjunctiva may also be 
involved. Corneal involvement usually consists 
of super fi cial punctate keratitis but rarely causes 
signi fi cant keratitis  [  18  ] . The outcome of CSD 
is usually benign with recurrences uncommon 
possibly because of lasting immunity  [  19  ] . 

 POGS is classi fi ed as an atypical manifesta-
tion of CSD and occurs in approximately 3–7% 
of all CSD infections with clinical manifestations 
occurring, typically, 1–2 weeks post infection 
 [  20  ] . A primary inoculation lesion in the con-
junctiva, skin, or mucous membrane has been 
identi fi ed in about 76% of patients  [  21  ] .  

   Microbiology 

 Bartonella, formerly known as Rochalimaea, are 
a genus of Gram-negative facultative intracellular 
bacteria. Bartonella belong to the phylum 
Proteobacteria, to the order Rhizobiales, which 
makes Bartonella a close relative to the Brucella 
species  [  22–  24  ] . Bartonella carried its name after 
the Peruvian microbiologist Alberto Barton who, 
in 1905, discovered the etiologic agent of Oroya 
fever: the  Bartonella bacilliforms . 

 Bartonella are fastidious and highly resilient 
rods requiring long incubation of up to 4 weeks 
in enriched media. Within their host, Bartonella 
reside inside erythrocytes or endothelial cells, 
which can lead to bacteremia, hemolytic anemia, 
endocarditis, or even an angioproliferative 
response  [  25,   26  ] . Bartonella cannot oxidize glu-
cose; however, they use glutamate and succinate 
as their sources of carbon. Whereas  B. henselae  
colonies tend to be rough and produce pitting of 
the agar,  B. quintana  colonies are usually smooth, 
with little or no pitting  [  27  ] . 

 Bartonella can cause a necrotizing or focally 
suppurative response, such as that observed in 
CSD, in immunocompetent patients. In immuno-
compromised patients, however, the response 
typically will be vasoproliferative as seen in bacil-
lary angiomatosis  [  28  ] . Analysis of primary skin 
lesions and affected lymph nodes shows a granu-
lomatous in fl ammation with a center of necrotic 
material surrounded by concentric layers of 
in fl ammatory cells, most commonly histiocytes, 
lymphocytes, and nucleated giant cells  [  29  ] . 

 The ability of Bartonella to induce a vasopro-
liferative response (bacillary angiomatosis) in 
immunocompromised hosts could be partially 
explained by their ability to parasitize endothelial 
cells  [  30,   31  ] . At the same time, the ability of 
some Bartonella species, such as the  fl agellated 
 B. bacilliformis , to cause hemolysis and some-
times life-threatening anemia (as in acute infec-
tions of Oroya fever) could be explained by their 
ability to invade the red blood cells.  B. henselae  
has also been observed to penetrate human red 
blood cells in a fashion similar, yet slower, to that 
observed in cats  [  32  ] .  
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   Clinical Findings in Cat Scratch Disease 

   Systemic Manifestations 
 Cat scratch disease follows, in most cases, a 
benign course and usually resolute without com-
plications. A lesion at the primary inoculation 
site, in the form of macule, papule, or pustule, is 
usually the  fi rst manifestation of CSD. The pri-
mary lesion is sometimes accompanied by mild 
to moderately severe  fl u-like symptoms includ-
ing headache, anorexia, nausea, vomiting, and 
sore throat. The  fl u-like symptoms are usually 
associated with regional lymphadenopathy, 
which slowly resolves over the ensuing weeks 
or months. The affected nodes are frequently 
tender and may even be suppurative. The lesion 
at the primary inoculation site occurs in 25–60% 
of patients, usually 3–10 days following the 
injury and 1–2 weeks before the onset of consti-
tutional symptoms. Ocular involvement has 
been estimated to occur in 5–10% of patients 
with CSD  [  33  ] . 

 Other less common systemic manifestations 
of CSD include encephalitis (1–2%), osteomyeli-
tis (less than 1%), and hepatosplenic disease (less 
than 1%)  [  27  ] .  

   Ocular Manifestations 
 The eye is the most commonly affected non-lym-
phatic organ in CSD  [  33  ] ; however, not all 
patients experience obvious systemic manifesta-
tions, and some patients with systemic  B. hense-
lae  infection fail to provide a history of recent cat 
or  fl ea exposure. In this sense, recognition of sug-
gestive ocular  fi ndings often leads to speci fi c 
serologic testing and the correct diagnosis 
(Table  7.1 )  [  27  ] .  

   Parinaud’s Oculoglandular Syndrome (POGS) 
 In his overview    of 1,200 patients with CSD, 
Carithers, in 1985, found that approximately 4% 
of patients (n = 48) with symptomatic cat scratch 
disease suffered from the oculoglandular syn-
drome of Parinaud (POGS), making it the most 
commonly encountered ocular complication of 
cat scratch disease  [  33  ] . The typical presentation 
of POGS includes conjunctival irritation, eye red-
ness, and foreign body sensation. Discharge is 

usually serous; nevertheless, purulent conjuncti-
vitis with abscess formation may occur. On 
examination, POGS typically presents with gran-
ulomatous conjunctivitis associated with regional 
lymphadenitis. Lesions may involve the palpe-
bral conjunctiva in the form of either a single  fl at 
nodule or multiple raised vegetations with sur-
rounding erythema; necrosis of the overlying con-
junctival epithelium and ulceration may ensue. 
Regional lymphadenitis typically involves preau-
ricular lymph nodes; submandibular and cervical 
lymph nodes may also be affected  [  18,   34,   35  ] . 
The granuloma disappears over period of weeks, 
leaving no scar. Lymphadenopathy regresses over 
weeks or months, depending on the severity of the 
infection; however, in many cases, the lymphade-
nopathy progresses to suppuration  [  33  ] . 

   Table 7.1    Ocular manifestations of bartonellosis, Lyme, 
and syphilis   

 Funduscopic  fi ndings  Bartonellosis  Lyme  Syphilis 

 Retinal vasculitis  +  +  + 
 Vascular occlusion  +  +  + 
 Macular edema  +  +  + 
 Macular pucker  −  +  + 
 Multifocal retinitis  +  −  − 
 Diffuse or focal 
retinochoroiditis 

 +  +  + 

 Serous retinal 
detachment 

 +  +  − 

 Retinal pigment 
epithelial detachment 

 −  +  − 

 Ciliochoroidal 
detachment 

 −  +  − 

 Cotton-wool spots 
only 

 −  +  − 

 Retinal bacillary 
angiomatosis 

 +  −  − 

 Optic neuritis  +  +  + 
 Neuroretinitis  +  −  − 
 Macular star  +  −  − 
 Optic atrophy  −  −  + 
 Choroidal neovascu-
lar membrane 

 −  +  + 

 Retinal tear  −  +  − 
 Pseudoretinitis 
pigmentosa 

 −  +  + 

 Mimicking white dot 
syndrome 

 +  +  − 
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 The differential diagnosis of unilateral gran-
ulomatous conjunctivitis includes, in addition 
to cat scratch disease, other infections like tula-
remia, tuberculosis, syphilis, sporotrichosis, 
and acute Chlamydia trachomatis  [  36  ] . At the 
same time, not all cases of POGS seem to be 
caused by  B. henselae ; positive serology for  B. 
quintana  was detected in one patient with 
POGS, and herpes simplex virus type 1 was 
detected by culture and PCR testing in another 
patient  [  37,   38  ] .  

   Retinal and Choroidal Manifestations 
and Complications 
 Retinal and choroidal manifestations and compli-
cations of CSD include neuroretinitis, focal 
retinitis, focal choroiditis, multifocal retinitis, 
multifocal choroiditis, intermediate uveitis, vas-
culitis, vascular occlusions, and bacillary angiom-
atosis  [  9,   36,   39–  46  ] . Panuveitis, acute unilateral 
maculopathy, macular hole, secondary unilateral 
glaucoma, and serous retinal detachments have 
also been reported  [  47–  52  ] .  

   Neuroretinitis (Leber’s Neuroretinitis) 
 Neuroretinitis is a unique form of optic neuropa-
thy characterized by optic disk swelling in the 
presence of a partial or complete macular star 
 [  53  ] . Leber  fi rst described neuroretinitis in 1916 
as acute unilateral visual loss associated with 
optic disk swelling and a macular star  [  54  ] . Gass 
later observed that neuroretinitis was simply a 
unique form of exudative optic neuropathy with 
transudation into the macula  [  6  ] . Despite being 
originally described as a unilateral disease, neu-
roretinitis has been reported to manifest as 
bilateral optic disk swelling with macular star 
formation  [  55,   56  ] . 

 Among    14 patients with neuroretinitis, Suhler 
et al., in 2000, found nine patients (64%) to have 
elevated IgM or IgG for  B. henselae   [  44  ] , making 
CSD the most common cause of neuroretinitis 
 [  12  ] . Despite this high percentage of  B. henselae  
seropositivity in patients with neuroretinitis, the 
true prevalence of neuroretinitis in patients with 
systemic  B. henselae  infection is unknown. It 
was proposed, nevertheless, to occur in 1–2% of 
patients  [  12  ] .  B. elizabethae ,  B. grahamii , and  B. 

quintana  have also been reported by serology and 
PCR testing to be associated with neuroretinitis 
 [  57–  59  ] . 

 Although uncommon, simultaneous or con-
secutive retinitis or neuroretinitis in patients with 
POGS or CSD has been reported  [  55  ] . Some 
cases of neuroretinitis have been accompanied by 
localized serous retinal detachment  [  60  ] . Macular 
star typically develops 2–4 weeks later; some 
patients, however, never develop macular star 
 [  61  ] . It has been proposed that the combination 
of neuroretinitis and serous retinal detachment 
can be an early indicator of systemic  B. henselae  
infection  [  61  ] . 

 The optic nerve swelling usually resolves 
spontaneously in 2–8 weeks, either leaving a nor-
mal disk appearance or a mild residual pallor. 
Macular exudates remain stable for several 
weeks, after which a gradual regression begins; 
the most extensive macular exudates may take up 
to 12 months to resolve  [  10  ] . Patients regain most 
of their visual function; however, some patients 
sustain functional damage in the form of 
decreased contrast sensitivity, dyschromatopsia, 
and reduced optic nerve functions  [  42  ] . 

 Other patients developed massive angioma-
tous in fl ammatory disk mass associated with sub-
retinal and intraretinal exudates  [  39,   62  ] . Cases 
of neuroretinitis of similar or more severe picture 
have been reported in HIV patients with CSD 
 [  45,   63,   64  ] . 

 The differential diagnosis of neuroretinitis 
includes, in addition to cat scratch disease, Lyme 
disease, syphilis, leptospirosis, sarcoidosis, 
malignant hypertension, diabetic retinopathy, 
pseudotumor cerebri, toxoplasmosis, and toxo-
cara  [  53  ] .  

   Multifocal Retinitis and Choroiditis 
 Several forms of choroiditis and retinitis have 
been reported in CSD, some of which may mimic 
other retino-choroidal conditions  [  40,   65–  67  ] . 
Diffuse choroiditis associated with CSD has 
been reported to cause multiple pinpoint leaks on 
 fl uorescein angiography (FA) mimicking Vogt-
Koyanagi-Harada disease  [  67  ] . A case of multi-
focal choroiditis, associated with positive 
serology for  B. henselae  in a 12-year-old boy, 



110 M. Ibrahim et al.

has been reported mimicking the picture of mul-
tiple choroidal metastases  [  66  ] . 

 Multifocal retinitis in cat scratch disease may 
also present as bilateral, multiple, intraretinal 
white in fi ltrates, 100–300  m m in size, resem-
bling one of the white dot syndromes, typically 

multiple evanescent white dot syndrome or 
acute posterior multifocal placoid pigment epi-
theliopathy  [  9,   40,   65  ] . It may also represent 
mimicking birdshot choroidopathy (Fig.  7.1 ) 
 [  68  ] . The white dots usually clear after 
2–3 weeks without a trace. CSD-associated 

  Fig. 7.1    A case of bilateral chorioretinitis mimicking 
birdshot chorioretinopathy in an immunocompromised 
patient with  Bartonella henselae  infection. Color fun-
dus photographs from the right ( a ) and left ( b ) eyes 
showing multiple  creamy yellow  chorioretinal lesions in 

the macular region. Mid-frames of  FA  of the right 
( c ) showing hyper fl uorescent ring inferotemporal to the 
macula with diffuse leakage in the late frames ( e ). Early 
frames of  FA  from the left eye ( d ) showing abnormal 
hypo fl uorescent ring with late leakage ( f )       
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multifocal retinitis/choroiditis should be 
included in the differential diagnosis of white 
dot syndrome  [  40  ] .  

 Foci of retinochoroiditis have also been 
observed in the absence of neuroretinitis or mac-
ular exudates  [  40–  43,   60  ] . The presence of mul-
tifocal retinitis and/or choroiditis can be a clue 
to the diagnosis of  B. henselae  infection in cases 
of optic disk edema when associated with peri-
papillary serous retinal detachment, especially 
when subretinal or intraretinal exudates are 
absent  [  61  ] .    

   Vasculitis and Vascular Occlusion 
 Ocular complications associated with retinochor-
oiditis in CSD may include vasculitis  [  46  ]  with 
arterial  [  40,   43,   65  ]  and/or venous  [  10,   65  ]  occlu-
sions causing severe visual loss.  

   Peripapillary Bacillary Angiomatosis 
 Bacillary angiomatosis is a dermatological dis-
order that had been observed in severely immu-
nocompromised AIDS patients and characterized 
cutaneous vascular proliferations that clinically 
and pathologically resemble Kaposi’s sarcoma 
 [  69  ] . LeBoit and associates have suggested a 
similarity between the organisms found in CSD 
and those found in bacillary angiomatosis  [  70  ] . 
That association has been con fi rmed in subse-
quent studies  [  11,   71  ] .  A fi pia felis,  once thought 
to be the causative agent for CSD, was initially 
suspected to be the etiologic agent for bacillary 
angiomatosis  [  72,   73  ] . However, several subse-
quent studies  [  7,   74–  76  ]  have identi fi ed  B. 
henselae  as the more likely causative agent of 
both cat scratch disease and bacillary 
angiomatosis. 

 In 1998, Warren et al. reported a case of an 
HIV-positive patient presenting with a focal 
area of hemorrhagic retinal necrosis in one eye 
and multiple midperipheral intraretinal hemor-
rhages and several cotton-wool spots in the 
other eye. Retinal biopsy from the retinal lesion 
revealed  fi ndings similar to those seen in bacil-
lary angiomatosis, with multiple tufts of prolif-
erating vascular endothelial cells with  fi broblasts 
and fusiform-appearing cells. Steiner variation 

of the Warthin-Starry stain revealed clusters of 
 B. henselae . The diagnosis was con fi rmed using 
PCR ampli fi cation of 16S rRNA of  B. henselae  
 [  64  ] . Matsuo and colleagues characterized the 
FA  fi ndings in cat scratch disease presenting in 
four patients with granuloma and abnormal vas-
cular network. In three patients, the granuloma 
and vascular network arose from the optic disk. 
They considered this  fi nding a hallmark of fun-
dus manifestation of cat scratch disease  [  77  ] . 
Curi et al. have reported in 2006 similar retinal 
 fi nding in three HIV-positive patients with peri-
papillary abnormal vascular networks (tufts). 
All three patients were seropositive for  B. hense-
lae   [  78  ] . 

   Uveitis    
 Both intermediate uveitis and panuveitis have 
been reported in several cases with CSD  [  79–  81  ] . 
It has also been presumed that most patients with 
focal retinochoroiditis or neuroretinitis associ-
ated with CSD have a mild to moderate vitritis 
and sometimes signi fi cant non-granulomatous 
anterior uveitis  [  10,   62,   82,   83  ] . 

 In their study on 19 patients with unex-
plained unilateral uveitis and high positive IgG 
and/or IgM titers, Kerkhoff and Rothova found 
six patients to be positive for HLA-B27 (32%). 
Of these six patients,  fi ve patients had severe 
posterior segment involvement with papillitis, 
macular edema, and vitritis, with duration of 
active intraocular in fl ammation of 6 months or 
more. Their observation led them to suggest 
that  B. henselae  infection may be either a trig-
ger or risk factor for anterior uveitis in HLA-
B27-positive patients as evidenced by the 
higher seroprevalence rate for  B. henselae  and 
by the more severe and chronic course of the 
posterior segment complications in those 
patients  [  84  ] . In 2004, a vitreous biopsy 
acquired from a patient with HLA-B27 bilat-
eral panuveitis tested positive for  B. henselae  
using enzyme-linked immunosorbent assay and 
PCR-based testing  [  85  ] . Bilateral anterior 
uveitis has also been reported in HLA-B27-
negative 9-year-old girl that was serologically 
positive for  B. henselae   [  86  ] .   
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   Diagnosis 

 Historically, a skin test for cat scratch disease, 
Hanger-Rose test, was one of the original diag-
nostic criteria for CSD. The antigen was 
obtained from a suppurative lymph node and 
used as a skin-test antigen. A dose of 0.1 ml of 
the antigen is inoculated intradermally with a 
positive reaction creating a central papule or 
erythema measuring 0.5–1 cm in diameter after 
48–72 h. The size of the skin reaction, however, 
did not correlate with the severity of the 
illness. 

 Currently, with the advent of other serological 
and PCR tests, the risk of using foreign human 
lymphoid tissue outweighed its bene fi ts  [  87  ] . The 
new diagnostic criteria for cat scratch disease 
include the following:
    1.    History of contact with a cat or kitten with 

presence of a scratch.  
    2.    Primary inoculation site either cutaneous or 

ocular.  
    3.    Serological tests – Two serologic tests are 

available for the con fi rmation of  B. henselae  
exposure: indirect immuno fl uorescence test 
(IFA) and enzyme-linked immunoassays 
(ELISA). The sensitivity and speci fi city of 
both tests are variable, depending on the labo-
ratory performing the tests; however, the CDC-
processed tests yield above 90% for both  [  88  ] .
   (a)    IFA is developed by the Centers for Disease 

Control and Prevention. In 1992, Regnery 
et al. described the IFA test for detection of 
the anti  B. henselae  IgG. The test was 
reported to have a sensitivity between 88% 
and a speci fi city of 97%  [  75,   88,   89  ] , with 
titers greater than 1:64 being considered 
positive.  

   (b)    ELISA test for  B. henselae  is commer-
cially available from several laboratories. 
Sensitivity and speci fi city are variable, 
depending on the laboratory, which results 
in greater false-negative results  [  89  ] .         

 Both IFA and ELISA tests depend on the 
robust immune response from the host. Because 
of that, the accuracy of both tests in immunocom-
promised patients is signi fi cantly lower  [  27  ] ; the 
sensitivity and speci fi city of IFA test may drop 

below 70% in patients infected with HIV  [  27, 
  90  ] . A single positive IFA or ELISA titer for IgG 
or IgM antibodies is generally suf fi cient to 
con fi rm CSD. IgG levels rise during the  fi rst 
2 months after disease onset, followed by a grad-
ual decline  [  88  ] . IgM titers provide greater pre-
dictability than IgG with the ELISA method; 
however, in order to achieve high speci fi city and 
sensitivity, the results need to be combined with 
other diagnostic criteria. Moreover, cross-reac-
tivity with other Bartonella species, especially 
 B. quintana,  is possible and may result in false-
positive results  [  89,   91,   92  ] .  

   Biopsy and Testing 

 The specimen can be obtained from the granuloma-
tous conjunctival lesion or the in fl amed lymph 
node. Testing of the specimen may include:
    1.    Staining 

 Direct detection of bacteria in tissue speci-
mens by Warthin-Starry silver stain has tradi-
tionally been used  [  93,   94  ] ; however, this stain 
is unreliable and lacks species speci fi city.    

    2.    PCR testing 
 PCR ampli fi cation of 16S rRNA has been 
developed by Relman and associates using the 
 B. henselae  16S ribosomal RNA gene  [  95  ] . 
PCR testing for  B. henselae  was successfully 
used to identify  B. henselae  infection in 
specimens from conjunctiva and from lymph 
node biopsies and aspirates  [  96–  99  ] . PCR 
ampli fi cation of 16S rRNA is highly sensitive 
and speci fi c in detecting Bartonella species; 
however, PCR-based tests are not yet com-
mercially available  [  12  ] .    

    3.    Culture 
 Bartonella species can be cultured from biopsy 
specimen by using enriched agar at 35–37°C 
with 5% CO 

2
 . Different Bartonella species tend, 

however, to grow better on different culture 
media; for example,  B. henselae  is cultured 
more effectively on heart infusion agar with 5% 
de fi brinated rabbit blood  [  100,   101  ] . Tissue or 
blood specimens can take up to 4 weeks before 
growth is detected on the culture media. 
Specimens from blood yield better results when 



1137 Retinal and Choroidal Manifestations in Bartonellosis, Lyme Disease, and Syphilis

a lysis centrifugation system, in which the 
blood specimen is lysed before it is inoculated 
onto the enriched media, is used  [  22  ] .     
 With the advent of new biomolecular labora-

tory techniques over the past few decades, the 
diagnosis of cat scratch disease now relies heav-
ily on serologic testing and, to a lesser extent, on 
culture or PCR-based analysis of tissue and/or 
 fl uid samples  [  12  ] . 

 The diagnosis of CSD can be made when the 
clinical manifestations of the disease are combined 
with a serologic or a pathologic con fi rmation. 
However, other serious infections such as Lyme 
disease, syphilis, leptospirosis, toxoplasmosis, 
and toxocara should be considered and excluded 
in addition to the noninfectious causes such as 
sarcoidosis, malignant hypertension, diabetic 
retinopathy, pseudotumor cerebri, and malignan-
cies, especially lymphoma and tumor metastasis. 
If diagnosis could not be made using the above 
mentioned guidelines, a biopsy may be warranted 
to con fi rm the diagnosis.  

   Therapy 

 With only few publications reporting permanent 
ocular damage, the overall prognosis of cat 
scratch disease in immunocompetent patients is 
generally good. Immunocompetent patients with 
cat scratch disease tend to have self-limited dis-
ease that resolves completely with in 2–4 months 
in majority of cases, even without treatment. The 
benign nature of CSD makes the necessity of 
antibiotic treatment doubtful, and because of that, 
de fi nitive treatment recommendations for CSD 
and its ocular complications have not yet been 
established. 

 In 1992, before  B. henselae  was recognized as 
the causative agent in CSD, Margileth presented 
the therapeutic outcomes of 18 different thera-
peutic agents in 268 patients with cat scratch 
disease. Margileth concluded that rifampin, 
cipro fl oxacin, gentamicin, and trimethoprim/sul-
famethoxazole have the most reasonable proba-
bility of ef fi cacy, with rifampin 10–20 mg/kg/day 
every 12–24 h being the most effective in the 
group  [  21  ] . 

 In 1998, however, Bass et al. reported, based 
on the results of a prospective, randomized 
study of therapy of CSD, that a single 500-mg 
dose of azithromycin followed by four daily 
doses of 250 mg resulted in faster resolution of 
lymphadenopathy when compared to placebo at 
1 month  [  102  ] . 

 Due to the risks associated with CSD in HIV-
positive patients, antibiotics are often required to 
control the infection  [  90  ] . In 1999, Koehler and 
Relman reported a dramatic response to treat-
ment either with doxycycline or erythromycin in 
immunocompromised patients with CSD  [  90  ] . 
Such dramatic success of erythromycin and 
doxycycline in treating CSD in patients with 
HIV encouraged the use of antibiotics in treat-
ment of immunocompetent patients with severe 
ocular or systemic complications of  B. henselae  
infection. 

 Doxycycline is usually given in an oral dose 
of 100 mg twice daily. Doxycycline has better 
intraocular and central nervous system penetra-
tion than erythromycin and is often preferred to 
erythromycin in treatment of ocular complica-
tions of CSD. Erythromycin, on the other hand, 
is preferred in children younger than 12 in order 
to avoid the possibility of tooth discoloration 
that often occurs with doxycycline treatment. 
An intravenous combination of doxycycline 
and erythromycin can be helpful in severe 
infections  [  90  ] . Rifampin, in an oral dose of 
300 mg twice daily, can also be added to the 
combination. 

 Immunocompromised individuals    with CSD 
can also be treated using azithromycin in a single 
dose of 500 mg, followed by four daily doses of 
250 mg or by doxycycline in a dose of 100 mg 
three times daily  [  27,   102  ] . 

 Antibiotic treatment and observation should 
continue for several months because of the pos-
sibility of recurrence. The duration of treatment 
is usually 2–4 weeks in immunocompetent 
patients and up to 4 months for immunocompro-
mised patients  [  90  ] . Recurrences in HIV-positive 
patients have been reported even after prolonged 
treatment  [  100  ] . Long-term use of doxycycline or 
erythromycin may be useful for preventing recur-
rences in HIV-positive patients  [  101  ] . 
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 Oral corticosteroids have been effective in 
reducing the in fl ammation and improving the 
visual function in cases with systemic and poste-
rior ocular manifestations. However, the neces-
sity of corticosteroids therapy in isolated POGS 
has not been established  [  103,   104  ] . 

 Management of pain caused by suppurative 
lymphadenopathy may include NSAIDs. Although 
aspiration of the lymph node can be done, it is not 
recommended because a  fi stulous tract may 
develop, and discharge may persist for several 
months resulting in permanent scarring. Children 
with CSD should be managed in association with 
a pediatrician specializing in infectious disease.   

   Controversies and Perspectives 

 The method of transmission of Bartonella infec-
tion to humans is still unknown. It is controver-
sial whether the cat  fl ea or  fl ea feces is responsible 
for some cases of cat-to-human transmission. It is 
controversial whether  B. henselae  is the only 
causative agent of CSD or some other Bartonella 
species, as well as other bacteria, are responsible 
for some cases. Both the safety and the value of 
the use of foreign human lymphoid tissue to diag-
nose CSD, through the Hanger-Rose skin test 
remains controversial, especially after the advent 
of other serological and PCR tests that make the 
risk of its use outweigh its bene fi ts. The necessity 
of treatment with antibiotics in immunocompe-
tent patients with ocular involvement is also con-
troversial given the benign nature of the disease.    

  Ocular involvement occurs in only • 
5–10% of all cases of CSD.  
  Ocular involvement in CSD is usually in • 
the form of unilateral granulomatous 
conjunctivitis with watery discharge and 
foreign body sensation. The presence of 
a single, large, and  fl at nodule in the bul-
bar or palpebral conjunctiva associated 
with regional lymphadenopathy helps 
with the diagnosis of CSD, especially 
when the primary inoculation site can 
be identi fi ed.  
  Retinal and choroidal manifestations of • 
CSD include neuroretinitis, multifocal 
retinitis and choroiditis, vasculitis and 
vascular occlusion, intermediate and 
diffuse uveitis, and retinal bacillary 
angiomatosis.  
  Neuroretinitis may be associated with • 
optic disk swelling, focal serous retinal 
detachment, and macular star.  
  The outcome of the disease is generally • 
benign; however, in some cases, a resid-
ual damage, in the form of optic disk 
pallor, decreased contrast sensitivity, 
dyschromatopsia, and abnormal visu-
ally evoked potentials, may happen.  
  The diagnosis of CSD can be made • 
when the clinical manifestations of 
the disease are combined with a sero-
logic or a pathologic con fi rmation.  
  Biopsy is only required when the clin-• 
ical manifestations and laboratory 
con fi rmations are inconclusive.  
  Antibiotic treatment ideally should be • 
reserved for immunocompromised 
patients and for immunocompetent 
patients with severe sight-threatening 
ocular involvement.  
  Recurrence of disease is not uncom-• 
mon in immunocompromised patients 
due to the lack of long-lasting immu-
nity. Longer courses of antibiotics 
treatment may be required in such 
patients.    

  Clinical Pearls 

     • B. henselae  seropositivity has been 
associated with nearly two-thirds of all 
cases of neuroretinitis.  
  The infection is transmitted to humans • 
from infected domestic cats, especially 
kittens.  
  Children and adolescents make up 80% • 
of cases of CSD.  
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   Lyme Disease 

 Lyme disease, or borreliosis,  fi rst described by 
Steere in 1977 as an epidemic of oligoarticular 
arthritis in several Connecticut communities, is a 
multisystem disease that also involves the eye 
and its adnexa  [  105  ] . Lyme disease is caused by a 
spirochete belonging to the genus  Borrelia  and is 
transmitted to humans by the bite of certain 
infected  Ixodes  ticks in temperate climate zones 
 [  106  ] . Three  Borrelia  species frequently cause 
Lyme disease in humans:  Borrelia burgdorferi 
sensu stricto ,  Borrelia garinii , and  Borrelia 
afzelii   [  107,   108  ] .  B. burgdorferi sensu stricto  is 
found primarily in North America and Europe, 
while  B. garinii  and  B. afzelii  are found through-
out Eurasia  [  107–  110  ] . 

 Lyme disease presents in three stages: local-
ized early, disseminated early, and persistent late. 
In the  fi rst stage (3–30 days following the tick bite, 
which includes the incubation period), clinical 
 fi ndings include erythema chronicum migrans 
rash (classic annular skin lesion, target rash) and 
 fl u-like symptoms. Clinical  fi ndings in the second 
stage (weeks to months) include signs and symp-
toms of serious organ involvement, including neu-
rological and cardiac systems and joints. In the 
third stage (months to years), the skin, joints, 
heart, and nervous systems are involved; however, 
the most common disorder is chronic severe 
relapsing Lyme arthritis, which in some patients 
may lead to permanent joint disability. The symp-
toms in all stages can overlap, and many patients 
do not manifest all stages  [  111  ] . 

   Diagnosis 

 There are two ways to diagnose Lyme disease: 
one is considered a clinical diagnosis and the 
other is made as a de fi nitive diagnosis. Clinical 
diagnosis is based on  fi nding the pathognomonic 
skin rash (erythema chronicum migrans) in a 
patient with either a history of tick bite or who 
has recently been in regions in which Lyme dis-
ease is common. In patients who are unaware of 

tick bite or in a non-endemic area, presence of 
erythema chronicum migrans and the involvement 
of two organ systems are enough for diagnosis. 
For a de fi nitive diagnosis, cultures from the 
plasma, skin lesions, synovial  fl uid, and cerebro-
spinal  fl uid in Barbour-Stoenner-Kelly medium 
must be conducted. The probability of diagnosis 
is high in the early stages of the disease  [  112  ] . 

 In the chronic stages, polymerase chain reac-
tion can be used  [  113  ] . The enzyme-linked immu-
nosorbent assay (ELISA) and an indirect 
immuno fl uorescence antibody test (which is less 
accurate but may be used when ELISA is not 
available) are used to detect the presence of 
speci fi c antibodies to  B. burgdorferi . The disad-
vantages of these tests are limited sensitivity 
and long latency to become positive, decreased 
response after antibiotic treatment, and cross-
reactivity with other spirochetes  [  114,   115  ] . 
Because of these issues, serological testing must 
be reserved for patients who have uveitis of 
unknown cause and at least one other manifesta-
tion of the disease; if any of these tests are posi-
tive or uncertain, they should be followed by the 
Western immunoblot, which is more accurate and 
very helpful in con fi rming the diagnosis. 

 Other diagnostic tests include antibody cap-
ture enzyme immunoassay, lymphocyte antigen 
stimulation, and detection of antibodies in urine. 
Studies are underway to create more accurate 
serological tests for Lyme disease. 

 The Centers for Disease Control and Prevention 
made Lyme a reportable disease in 1982, and the 
current de fi nition of a case of Lyme disease 
includes any one of the following  [  116  ] :
    1.    Development of erythema chronicum migrans 

within 30 days of exposure in an endemic 
area; size of lesion should be  ³ 5 cm  

    2.    Without erythema    chronicum migrans, history of 
exposure to endemic area, with signs involving 
one organ system, and a positive laboratory test  

    3.    No history of exposure to endemic area but 
presence of erythema chronicum migrans as 
well as involvement of two organ systems  

    4.    No history of exposure to endemic area but 
with erythema chronicum migrans and a posi-
tive serology      
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   Ocular Manifestations 

 Because many ophthalmologists and general 
practitioners may not be aware of the clinical 
ocular features of Lyme disease, ocular Lyme 
borreliosis is often underdiagnosed. Ocular man-
ifestations can involve any of the ocular struc-
tures, and, while generally occurring in stage 2, 
they can occur at any stage either in the presence 
or absence of other organ involvement (Table  7.1 ). 
Ocular involvement, including conjunctivitis, 
periorbital edema, and mild photophobia, may be 
noted in as many as 11% of patients during the 
 fi rst stage of the disease  [  111  ] . Severe ophthalmic 
manifestations and intraocular in fl ammation  fi rst 
occur during stage 2. A number of conditions    
have been observed in later periods of stages 2 
and 3, including stromal keratitis, granulomatous 
iridocyclitis with or without uveitis, intermediate 
uveitis, vitritis, panuveitis, retinitis, retinal vascu-
litis, choroiditis with or without serous retinal 
detachment, optic disk edema, optic neuritis, 
ischemic optic neuropathy, optic atrophy, ocular 
motor cranial neuropathies, Bell’s palsy, Argyll 
Robertson pupil, Horner’s syndrome, temporal 
arteritis, orbital myositis, and cortical blindness. 
In this chapter, we will evaluate retinal and chor-
oidal changes in Lyme disease under the follow-
ing headings:
    1.    Intermediate uveitis  
    2.    Retinal vasculitis, branch retinal artery occlu-

sion, and cotton-wool spots  
    3.    Neuroretinitis  
    4.    Choroiditis, chorioretinitis with or without 

serous retinal detachment  
    5.    Miscellaneous: Cystoid macular edema and 

macular pucker, retinal pigment epithelial 
detachment, retinitis pigmentosa-like clinical 
presentation, choroidal neovascular mem-
brane, acute posterior multifocal placoid pig-
ment epitheliopathy (APMPPE)-like clinical 
presentation, retinal tear, and ciliochoroidal 
detachment     

   Intermediate Uveitis 
 Intermediate uveitis refers to in fl ammation 
localized to the anterior vitreous, pars plana, and 
peripheral retina. Infectious causes of intermedi-

ate uveitis are Epstein-Barr virus (EBV) infec-
tion, human T cell lymphotrophic virus type1 
(HTLV-1) infection, cat scratch disease, hepatitis 
C, tuberculosis, and Lyme disease  [  117  ] . Lyme 
disease is a causative factor in 0.6% of all inter-
mediate uveitis cases. Patients with intermediate 
uveitis due to Lyme disease typically present with 
complaints of  fl oaters, blurred vision, or a 
vague, ill-de fi ned disturbance of vision  [  118  ] . 
Involvement is usually bilateral, although asym-
metric  [  117,   119  ] . Symptoms may often wax and 
wane over many months. The clinical picture 
most frequently seen is that of a syndrome resem-
bling pars planitis complicated by posterior and 
granulomatous anterior chamber in fl ammation, 
which is inconsistent with classic intermediate 
uveitis, in which anterior chamber symptoms are 
not regularly encountered  [  120  ] . However, in 
some cases, the patient may present with mild 
anterior chamber reactions  [  121  ] . The hallmark 
of the disease is vitritis, which consists of vitre-
ous cells that form aggregates, commonly referred 
to as snowballs, which are quite common and, 
although often noted in the inferior vitreous 
peripherally, may be found throughout the vit-
reous cavity. In fl ammation of the pars plana may 
progress to form organized exudates called 
snowbanks. In fl ammation-induced  fi brovascular 
proliferation within the vitreous, vitreous base, 
and pars plana may result in retinal tears and 
rhegmatogenous retinal detachment  [  120  ] . 
However, intermediate uveitis in Lyme borreliosis 
can be seen even in the absence of severe ocular 
complaints  [  122  ] .  

   Retinal Vasculitis, Branch Retinal 
Artery, Retinal Vein Occlusion, 
and Cotton-Wool Spots 
 Retinal vasculitis is a sight-threatening 
in fl ammatory disease that involves the retinal 
vessels. Retinal vasculitis may be either symp-
tomatic or asymptomatic. If the retinal vascular 
changes occur in the periphery of the fundus 
without vitreous involvement, patients may have 
minimal or no symptoms. The condition results 
in sheathing and angiospasm, as well as arterial 
and/or venous occlusion. In fl ammation of macu-
lar blood vessels can cause macular edema. 
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Retinal vasculitis due to Lyme disease was  fi rst 
presented in 1990 by Dr. U. Schonherr and asso-
ciates at the International Conference on 
Borreliosis in Stockholm, Sweden, based on 
observing two individuals with this condition in a 
case series of ten patients. In 1991, Smith et al. 
published three cases of retinal vasculitis that 
were found to be seroreactive for Lyme borrelio-
sis  [  123  ] . In the same year, Lang et al. reported a 
43-year-old man admitted because of recurrent 
vitreous hemorrhage, who was diagnosed as 
bilateral occlusive retinal vasculitis with prolif-
erative retinopathy due to Lyme disease with 
positive IgM and IgG serology for  Borrelia burg-
dorferi   [  124  ] . In 1995, Leys et al. reported seven 
patients with retinal vasculitis due to Lyme dis-
ease with clinical and serologic evidence of 
 Borrelia burgdorferi  infection  [  125  ] . Three 
patients presented with abrupt loss of vision due 
to acute retinal vasculitis, and all demonstrated 
engorged veins, hemorrhages, perivenous 
in fi ltrates, and retinal white spots. Arterial occlu-
sions were observed in two patients, and leakage 
was present from the veins, white spots, and the 
optic disk on  fl uorescein angiography. Four 
patients    had signs of chronic uveitis with vitritis, 
cystoid macular edema, and retinal vasculitis, 
which were associated with neovascularization 
and vitreous hemorrhage in one patient and with 
optic neuritis in another patient  [  125  ] . Karma 
et al. reported a case series of ten ocular Lyme 
borreliosis patients in 1995  [  126  ] . In this study, 
six of seven patients with uveitis had retinal vas-
culitis  [  126  ] . They extended this series to include 
an additional ten ocular Lyme borreliosis patients 
and published the series in 2000  [  127  ] . Among 
the new patients in this extended series, two 
patients had evidence of retinal vascular involve-
ment: one had peripheral multifocal chorioretini-
tis with panuveitis and the other had a branch 
retinal vein occlusion, possibly caused by a vas-
culitic mechanism as well  [  127  ] . Based on these 
results, they concluded that retinal vascular 
involvement in ocular Lyme borreliosis may be 
more common than previously thought  [  127  ] . 

 Lightman et al. reported a branch retinal 
artery occlusion due to Lyme disease in a 
37-year-old Caucasian woman  [  128  ] . The patient 

presented with a scotoma above  fi xation in her 
left eye upon awakening. There was no known 
history of a tick bite or skin rash. The anterior 
segments were normal, and there was mild bilat-
eral vitritis. The right optic nerve was slightly 
swollen, the retinal arterioles were irregular in 
caliber, and a cotton-wool spot was present above 
the disk. The left posterior segment had an infer-
otemporal branch retinal artery occlusion, isch-
emic whitening of the inferior macula, multiple 
cotton-wool spots, mild disk edema, and focal 
irregularity of some arterioles. FA demonstrated 
a branch retinal artery occlusion in the left eye 
and bilateral disk edema. Positive serological 
tests and clinical response to antibiotics made 
the diagnosis of ocular borreliosis  [  128  ] . The 
author proposed that an immunologic response 
to  Borrelia burgdorferi  causes vasculitis and 
obliteration of small vessels, as seen in connec-
tive tissue diseases, which are known to cause 
retinal arterial obstruction  [  128  ] . 

 The pathogenesis of CWS is an occlusion of a 
feeder arteriole and capillaries, leading to vacu-
oles of various sizes and representing accumu-
lated axoplasm in the nerve  fi ber layer due to 
ischemia. CWS in uveitis is often found not only 
in HIV infection but also in cytomegalovirus, 
tuberculosis, cryptococcal infection, Behcet’s 
disease, leptospirosis, and human T-lymphotropic 
virus type I. Klaeger et al. observed a 54-year-
old woman who presented with recurrent iritis in 
her right eye and was diagnosed with ocular bor-
reliosis and treated with doxycycline 100 mg bid 
for 3 weeks. After multiple recurrences of uveitis 
in her right eye, she presented with CWS in her 
left fundus (Fig.  7.2 ) and was treated with pen-
toxifylline 400 mg three times a day and sali-
cylic acid 100 mg a day. The CWS gradually 
resolved but without proof that the resolution 
had been in fl uenced by the therapy  [  129  ] . The 
patient Klaeger et al. presented differs from the 
Lightman et al. case in the absence of retinal 
whitening and focal irregularity of arterioles. 
Therefore, the only fundus  fi nding of the Klaeger 
et al. case was CWS  [  129  ] . As a conclusion, 
Klaeger et al. advised ruling out ocular borrelio-
sis in patients presenting with otherwise unex-
plained CWS  [  129  ] .   
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   Neuroretinitis 
 Neuroretinitis typically presents in the form of 
white retinal lesions that may vary in size and 
topography. An associated mild or moderate 
vitreous in fl ammation is commonly observed. 
FA shows early hypo fl uorescence and late stain-
ing of large acute white retinal lesions and 
iso fl uorescence or moderate hypo fl uorescence 
of small active retinal lesions. 

 The  fi rst case of neuroretinitis due to Lyme 
disease was reported in a 13-year-old girl by 
Lesser and colleagues in 1990  [  130  ] . Winterkorn 
et al. published another case of neuroretinitis 
due to Lyme in a 21-year-old girl in the same 
year  [  131  ] . Schönherr et al. reported a 22-year-
old white female with bilateral Leber’s stellate 
neuroretinitis after a viral-like illness  [  132  ] . 
Seroconversion for  Borrelia burgdorferi  and 
resolution of symptoms and signs during ther-
apy with 200 mg doxycycline resulted in a diag-
nosis of Lyme disease  [  132  ] . In a case series 
including ten patients, Karma et al. reported 

four cases of neuroretinitis, three of which were 
bilateral and all accompanied by retinal vasculi-
tis  [  126  ] . One year later, the same author reported 
a long-term follow-up of a chronic Lyme neu-
roretinitis that was unresponsive to systemic 
antibiotic therapy  [  133  ] . In 2001, Lochhead 
et al. reported a case of neuroretinitis due to 
Lyme disease in a 7-year-old girl that developed 
after bilateral papilledema and diagnosed by a 
positive Lyme IgG/M serology and cerebrospinal 
 fl uid PCR  [  134  ] .  

   Choroiditis and Chorioretinitis with 
or Without Serous Retinal Detachment 
 Choroiditis is the in fl ammation of the choroid. 
In fl ammation may be diffuse, called multifocal 
choroiditis, or in patches, known as focal choroiditis. 
If the in fl ammation involves both the choroid and 
retina, it is named chorioretinitis. Typically, the 
only symptom is blurred vision. 

 The  fi rst case of bilateral multifocal choroidi-
tis due to Lyme disease with exudative retinal 
detachment was reported by Bialasiewicz et al. 
in 1988  [  135  ] . This case was a 32-year-old 
woman who was diagnosed with Vogt-Koyanagi-
Harada disease and treated with oral corticoster-
oids by the referring ophthalmologist. At the 
presentation, bilateral in fl ammatory cells in the 
anterior chamber and vitreous, diffuse choroidal 
in fi ltration with exudative retinal detachment that 
extended peripherally between 4 o’clock and 8 
o’clock, cystoid maculopathy, and choroidal 
thickening on B-scan ultrasonography were 
noted. However, diagnosis of bilateral diffuse 
choroiditis with exudative retinal detachment due 
to Lyme disease was made via demonstration of 
Lyme IgM antibodies in sera  [  135  ] . Wilk et al. 
also reported two cases of bilateral disseminated 
choroiditis with exudative retinal detachments in 
 Borrelia burgdorferi  infection  [  136  ] . In a survey 
of 84 Lyme arthritis patients, Huppertz et al. 
reported ocular in fl ammation in three of them 
 [  137  ] . One of the patients, a 13-year-old girl, pre-
sented with bilateral intermediate uveitis and 
right retinal detachment. A diagnosis of Lyme 
borreliosis was made when antibodies to  Borrelia 
burgdorferi  were detected in the patient’s serum; 
she was then treated with systemic tetracyclines. 

  Fig. 7.2    Fundus photograph from a patient with positive 
serology for Lyme disease showing multiple cotton-wool 
spots (CWS) in the left eye. All CWS are nearly equidis-
tant from the optic disk, some are con fl uent, while some 
overlie major vessels (Reprinted with permission from 
Klaeger AJ, Herbort CP. Cotton wool spots as possible 
indicators of retinal vascular pathology in ocular lyme 
borreliosis. Int Ophthalmol. 2010 Oct;30(5):599–602. 
Epub 2008 Oct 15)       
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Since arthritis recurred and vision deteriorated 
further, she was also treated with ceftriaxone and 
underwent bilateral pars plana vitrectomy. 
Arthritis disappeared and uveitis abated with per-
manently reduced visual acuity  [  137  ] . 

 In 1993, Niutta et al. reported a unilateral mul-
tifocal chorioretinitis due to Lyme disease in a 
22-year-old myopic man  [  138  ] . Although both 
anterior segments were normal, multiple foci of 
chorioretinitis con fi ned to the posterior pole were 
observed in his right retina while the left fundus 
was normal. The diagnosis of unilateral multifocal 
chorioretinitis due to Lyme disease was con fi rmed 
via demonstration of Lyme IgM antibodies in sera 
 [  138  ] . A case series reported by Karma et al. in 
1995 included a 70-year-old female patient with 
chorioretinitis in both eyes  [  126  ] .  

   Other Ocular Manifestations 
   Cystoid Macular Edema and Macular Pucker 
 Cystoid macular edema (CME) associated with 
Lyme disease is occasionally reported. Breeveld 
et al. reported a 29-year-old man with bilateral 
intermediate uveitis with mild anterior cham-
ber reaction without posterior synechiae  [  121  ] . 
The patient had bilateral CME con fi rmed by FA 
that responded subsequently to antibiotic ther-
apy  [  121  ] . A patient with retinitis pigmentosa-
like clinical presentation reported by Karma 
et al. in 1993 also had CME  [  139  ] . Preac-
Mursic et al. reported a 24-year-old panuveitis-
iridocyclitis patient whose  fi rst isolation of 
 Borrelia burgdorferi  was accomplished with an 
iris biopsy  [  140  ] . In that patient, they reported 
CME, macular pucker, and an exudative infe-
rior retinal detachment  [  140  ] . Guex-Crosier 
et al. presented a case with CME due to recur-
rent pars planitis with two episodes of acute 
pericarditis  [  141  ] . Karma et al. reported a 5.5-
year follow-up of a Lyme neuroretinitis patient 
in 1996  [  133  ] . The 29-year-old women had 
intense hyper fl uorescence of cystoid pattern at 
the juxtapapillary area in both eyes, which 
extended to the foveola in the left eye at pre-
sentation  [  133  ] . The patient received oral pred-
nisone, which has no effect either on vision or 
fundus changes with the diagnosis of idiopathic 
uveitis. Two years later, the patient was admitted 

with retinal edema of the same magnitude, but 
cystoid degeneration was also noted in both 
maculae. Additionally, a lamellar hole with 
macular pucker developed in the left macula 
 [  133  ] . Reibaldi et al. treated a case of CME due 
to Lyme disease that did not respond to antibi-
otic therapy with intravitreal triamcinolone 
acetonide injection. One month following the 
injection, visual acuity was 1.0 and the CME 
had completely resolved  [  142  ] .  

   Retinal Pigment Epithelial Detachment 
 Koch et al. reported a 41-year-old man who, 
6 months following a tick bite, was admitted with 
the complaint of headache and blurred vision in 
both eyes due to clover-shaped parapapillary reti-
nal pigment epithelial detachment (PED) in both 
eyes, which involved the macula in the left eye 
 [  143  ] . Although there was only moderately 
increased immunoglobulin in the aqueous humor 
and serum, they initiated 4 g/day ceftriaxone 
disodium for 14 days; the PEDs disappeared 
within a few days and visual acuity returned to 
normal. Although the immunoglobulin values 
remained unchanged, diagnosis of neuroborrelio-
sis with retinal PEDs was made after considering 
the history of a tick bite and response to treat-
ment. The author assumed that the tissue around 
the optic nerve head, which does not have an 
effective blood–brain barrier, allowed the spiro-
chetes to spread from the central nervous system 
into the sub-pigment epithelial space, thus caus-
ing the observed peripapillary pattern of PED 
 [  143  ] . Wu et al. reported a 7-year-old child who 
developed bilateral pigment epithelial mottling at 
the fovea 1 year after resolution of papilledema 
due to Lyme disease  [  144  ] .  

   Retinitis Pigmentosa-Like Retinopathy 
 Zierhut et al. reported an extensive depigmented 
choroidal atrophy in the entire anterior retina, 
accompanied by pigment clumping similar to 
retinitis pigmentosa, in a patient who had positive 
serological tests for syphilis and Lyme disease 
 [  145  ] . In 1993, Karma et al. reported a 15-year-old 
girl who presented with atrophic RPE, attenuated 
arterioles, equatorial corpuscular pigmentation in 
the left fundus, and bilateral pale disks  [  139  ] . 
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Biomicroscopy revealed opacity of the posterior 
capsule and posterior vitritis in the left eye. 
A  fl uorescein angiogram of the left fundus 
revealed exaggerated choroidal  fl uorescence in 
the initial phases, delayed retinal circulation, 
incomplete  fi lling of the venules, and cystoid 
macular edema in the late phases. A diagnosis of 
Lyme disease was made with the aid of CSF and 
vitreous  fl uid specimens PCR  [  139  ] .  

   Choroidal Neovascular Membrane 
 Amer et al. described the occurrence of 
in fl ammatory choroidal neovascular membrane 
(CNVM) in two patients with Lyme disease 
 [  146  ] . Both cases had a history of tick bite and 
responded to IV ceftriaxone treatment; however, 
because both were seronegative, their diagnosis 
was clinically based  [  146  ] . The  fi rst patient, a 
16-year-old male, had an elevated gray-yellow 
lesion in the center of the macula surrounded by 
subretinal  fl uid and  fi ne retinal hemorrhages on 
its surface as well as temporal to it (Fig.  7.3 ). 
There were circinate hard exudates surrounding 
it and similar exudates nasal, superior, and infe-
rior to the optic disk. In the second patient, a 

38-year-old healthy female, fundus examination 
revealed a subretinal yellow macular lesion with 
marked overlying retinal  fi brosis and retinal striae 
extending nasally (Fig.  7.4 ). Small deep retinal 
hemorrhages were noted on its inferotemporal 
edge  [  146  ] .    

   Acute Posterior Multifocal Placoid Pigment 
Epitheliopathy-Like Picture 
 Bodine et al. reported a 32-year-old man who 
had multifocal choroiditis without vitreous 
involvement  [  147  ] . At presentation, the patient 
had multiple white lesions at the level of the 
choroid in both eyes. In FA, patches of 
hyper fl uorescence and hypo fl uorescence in the 
macula, with staining in the late transit of the 
left eye, and patches of hypo fl uorescence in 
the inferior retina of the right eye were detected. 
The other lesions had a central area of staining 
surrounded by a hypo fl uorescence halo. During 
the follow-up, additional white choroidal lesions 
were noticed in the midperipheral fundus in both 
eyes, and older lesions had begun to atrophy and 
become lightly pigmented. Using the serial 
ELISA of the patient’s serum and cerebrospinal 
 fl uid specimen, the author suggested the diagno-
sis of Lyme disease and treated the patient with 

  Fig. 7.3    A fundus photograph from the right eye of a 
patient with persumed ocular Lyme borrelieosis marked 
optic disk swelling with a  gray-yellow  lesion in the center 
of the macula surrounded by hard exudates. Similar exu-
dation is also seen around the optic disk (Reprinted with 
permission from Amer R, Brannan S, Forrester JV. 
In fl ammatory choroidal neovascular membrane in pre-
sumed ocular Lyme borreliosis. Acta Ophthalmol. 
2009;87:346–348)       

  Fig. 7.4    Fundus photograph from a patient with negative 
serology for Lyme disease showing a  yellow  subfoveal 
lesion with marked  fi brosis of the overlying retina and 
retinal striae radiating between the lesion and the optic 
disk. Flat subretinal hemorrhage is noted at the inferotem-
poral margin of the lesion (Reprinted with permission 
from Amer R, Brannan S, Forrester JV. In fl ammatory 
choroidal neovascular membrane in presumed ocular 
Lyme borreliosis. Acta Ophthalmol. 2009;87:346–348)       
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intravenous ceftriaxone. Following that treat-
ment and during the follow-up, no new choroi-
dal lesions appeared and the old lesions became 
moderately pigmented; the retinal lesions were 
unchanged. Bodine et al. concluded that some of 
the cases of APMPPE may actually have been 
Lyme disease  [  147  ] . Wolf et al. screened the sera 
of 18 patients who possessed all of the charac-
teristic fundus and  fl uorescein angiographic 
appearances of APMPPE for  burgdorferi -
speci fi c antibodies. They could not demonstrate 
any serologic immune response  to burgdorferi  
to support an association between these two dis-
orders  [  148  ] .  

   Retinal Tear 
 In 1991, Smith et al. published three cases of reti-
nal vasculitis who were found to be seroreactive 
for Lyme borreliosis  [  123  ] . In one of the cases, a 
25-year-old patient presented with a whitish 
deposit in the preretinal space and a retinal tear in 
the left eye at 1:30 with whitish exudative mate-
rial on an attached fl ap and vitritis  [  123  ] .  

   Ciliochoroidal Detachment 
 We have recently evaluated a 74-year-old man 
(Fig.  7.5 ) who presented with bilateral cilio-
choroidal detachments and macular edema in 
the right eye. Slit-lamp examination revealed 

  Fig. 7.5    Case of recurrent ciliochoroidal detachment in a 
patient with positive serology to  Borrelia burgdorferi . 
Transverse B-scan ultrasonography ( a ) directed toward the 
ciliary body nasally in the right eye, showing extensive, 
shallow elevation of the ciliary body ( arrow ). 
Auto fl uorescence ( b ) and mid-phase FA ( c ) images from 
the same eye showing leopard skin pattern of alternating 

hypo- and hyper fl uorescence, indicating the recurrent and 
long-standing nature of the detachment. Horizontal section 
of spectral domain optical coherence tomography across 
the fovea of the same eye ( d ) showing damage to the reti-
nal pigment epithelium and photoreceptor layers ( arrows ) 
with attenuation of the outer nuclear and outer plexiform 
layers of the retina ( asterisks )       
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no cells or  fl are in the anterior chambers. 
Funduscopic examination revealed multiple, 
bilateral, and symmetrical hypo- and hyperpig-
mentations resembling a leopard-spot pattern. 
FA showed patchy areas of hyper fl uorescence 
corresponding to the areas of RPE hypopigmen-
tation, with no leakage or staining. B-scan showed 
diffuse choroidal thickening and mild vitreous 
opacities in both eyes, with ciliochoroidal detach-
ment in the right eye. Optical coherence tomog-
raphy showed macular edema in the right eye and 
epiretinal membrane in the left. Lyme disease 
serology was positive for IgG and negative for 
IgM. Subsequently, the patient was started on IV 
ceftriaxone (2 g/day) for 28 days. The improve-
ment continued over the following months with 
complete resolution of the ciliochoroidal detach-
ments in 2 months.     

   Therapy 

 In case of acute disease in adults, treatment 
involves oral 100 mg doxycycline twice daily or 
500 mg amoxicillin three times for 14–21 days. 
In case of doxycycline and amoxicillin allergy, 
oral cefuroxime 500 mg twice daily or erythro-
mycin 250 mg four times daily for 14–21 days is 
recommended. In children, treatment of acute 
disease involves oral amoxicillin 50 mg/kg/day 
in three divided doses for 14–21 days. In case of 
penicillin allergy, oral cefuroxime 30 mg/kg/day 
in two divided doses for 14–21 days is recom-
mended  [  149,   150  ] . 

 In case of neurological and/or ocular involve-
ment in adults, treatment involves intravenous 
(IV) ceftriaxone 2 g once a day or cefotaxime 2 g 
every 8 h for 14–28 days. In case of ceftriaxone 
or penicillin allergy, doxycycline 100 mg orally 
three times a day for 30 days is recommended. In 
children, treatment involves IV ceftriaxone 
75–100 mg/kg/day (maximum 2 g) once a day for 
14–28 days or IV cefotaxime 150 mg/kg/day 
(maximum 6 g) in 3–4 divided doses for 
14–28 days  [  149,   150  ] . 

 In a case of tick bite, a single dose of 200 mg 
doxycycline should be given within 72 h for pro-
phylaxis  [  150,   151  ] .   

   Controversies and Perspectives 

 The diagnosis of Lyme disease can be controver-
sial and dif fi cult. The presence of positive titer to 
 Borrelia burgdorferi  does not necessarily establish 
a diagnosis of Lyme disease. Appropriate clinical 
 fi ndings and symptoms should also exist at pre-
sentation. Most clinicians would agree that once 
the infection is treated completely (e.g., ocular 
Lyme disease should be treated with intravenous 
antibiotics), the infection is eradicated. Unless the 
patient is re-infected, repeated anti-microbial ther-
apy is not required after initial treatment.    

   Syphilis 

 Syphilis is an infectious disease caused by the 
bacterium,  Treponema pallidum   [  152  ] . Trepone-
mas are motile, spiral-shaped bacteria belonging 
to the Spirochaeta family. Many  Treponema  spe-
cies are harmless members of the normal  fl ora in 
humans. However, pallidum, endemicum, and 
pertenue are some of the pathogenic subspecies 
causing venereal syphilis, endemic syphilis, and 
yaws, respectively  [  153  ] . Syphilis is a sexually 

  Clinical Pearls 

    Lyme disease is a clinical diagnosis. • 
Ancillary tests are performed to con fi rm 
the diagnosis.  
  Erythema chronicum migrans rash • 
might not always be annular and may 
occur as a more homogenous pink or red 
lesion.  
  Serological tests are not needed for • 
diagnosis of early Lyme disease. Four or 
six weeks are needed to develop anti-
body response.  
  During the diagnostic workup, IgM and • 
IgG tests must be ordered  fi rst. Western 
blot testing is ordered as a follow-up test 
when the  initial  tests are positive or inde-
terminate. Do not skip IgM and IgG tests.    
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transmitted disease, most commonly acquired via 
direct contact with a syphilitic sore  [  154–  156  ] . It 
is conventionally divided into three stages: pri-
mary, secondary, and tertiary. A chancre is con-
sidered de fi nitive for primary syphilis. A rash, 
with or without constitutional symptoms, indi-
cates secondary syphilis. Cardiovascular disease, 
gummatous lesions, or neurologic manifestations 
such as tabes dorsalis, general paresis, seizures, 
or hemiparesis indicate tertiary syphilis  [  155  ] . 

   Ocular Manifestations 

 Ocular manifestations usually occur in the sec-
ondary and tertiary stages of the disease  [  156  ]  
but can potentially occur at any stage (Table  7.1 ) 
 [  157,   158  ] . A review by Aldave and colleagues 
categorized ocular manifestations according to 
the stage of syphilis  [  156  ] . Retinal vasculitis and 
pigmentary mottling in “salt-and-pepper” pattern 
were seen in congenital syphilis cases. In cases 
of secondary syphilis, eyes were usually involved 
after other systemic manifestations had resolved. 
Retinal manifestations were similar in second-
ary and tertiary syphilis with necrotizing retini-
tis, neuroretinitis, retinochoroiditis, and serous 
retinal detachment, with cystoid macular edema 
being seen in both  [  156  ] . Optic nerve  fi ndings 
were slightly different between the two stages: 
disk edema was seen in both and optic atrophy 
and gumma were mainly seen in tertiary 
syphilis. 

 After a period of low incidence, there has been 
a resurgence of syphilis reported across the world 
 [  159–  165  ] . In the United States, a decline in 
syphilis cases was reported between the years 
1990 and 2000  [  166–  168  ] . However, between 
2001 and 2007, the number of cases of primary 
and secondary syphilis increased from 3.0 to 6.6 
per 100,000 of the population. In San Francisco, 
the number of syphilis cases increased from 44 in 
the year 1999 to 522 in the year 2003, while in 
the UK, a 15-fold increase in incidence was noted 
during the same period. Ocular syphilis is seen 
most commonly among African-American men 
 [  157  ] , with high incidence among men who have 

sex with men (MSM) and are co-infected with 
HIV  [  165,   167–  169  ] . 

 Ocular syphilis can affect any layer of the eye, 
with uveitis being the most common overall clin-
ical manifestation  [  170  ] . Uveitis at times can also 
be the sole manifestation of the disease and may 
be seen within 6 weeks of the primary syphilis 
infection  [  171  ] . Chorioretinitis, vitritis, and vas-
cular sheathing have been reported as common 
posterior segment manifestations of ocular syphi-
lis, with chorioretinitis usually being the most 
common  [  156,   157,   172  ] . 

 There are no pathognomonic ocular clinical 
presentations of syphilis; therefore, it is impor-
tant to have a high index of suspicion among the 
high-risk populations described above, including 
African-American MSMs who are HIV-positive, 
and to be vigilant for the presence of systemic 
signs and symptoms of the disease. 

   Retina and Choroid 
 Retinal and choroidal involvement in syphilis 
usually occurs together. If the neurosensory ret-
ina is involved  fi rst and choroid and RPE are 
involved later, the  fi nding is described as retin-
ochoroiditis; if the choroid and RPE are involved 
 fi rst and the neurosensory retinal later, it is known 
as chorioretinitis  [  172  ] . 

 Chorioretinitis has been described as large 
areas of atrophic scarring bordered by prolifera-
tion of the RPE. Choroidal vessels, RPE, and 
outer retinal layers may be absent within the 
scarred areas  [  173,   174  ] . Two patterns of chori-
oretinitis have been described in literature: dif-
fuse and localized. The diffuse form usually 
occurs in secondary syphilis and is characterized 
by multiple grayish-yellow chorioretinal lesions 
that may or may not be associated with vitritis, 
vasculitis, retinal edema, and retinal detachment. 
The lesions may fuse to give the appearance of 
general retinal whitening similar to that seen in 
herpetic retinitis  [  159  ] . A localized form usually 
occurs in the later stages and is characterized by 
focal pale yellow subretinal lesions at the level 
of the RPE that typically occur around the optic 
disk and macula and may be associated with vit-
ritis, shallow retinal detachment, papillitis, or 
retinal vasculitis  [  175,   176  ] . Such presentation 
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was initially described by Gass as syphilitic 
lesions mainly involving the RPE and given the 
name acute syphilitic posterior placoid choriore-
tinitis (ASPPC)  [  176  ] . Gass et al. described six 
patients who had large, placoid, yellowish lesions 
with pale centers at the level of the pigment epi-
thelium in the macula and juxtapapillary areas. 
All eyes had associated vitritis, and FA showed a 
leopard skin pattern with early hypo fl uorescence 
and late staining  [  176  ] . The pathogenesis of this 
clinical lesion is believed to be due to the spread 
of spirochetes into the RPE. Another hypothesis 
is that immune complex deposition in the retina 
leads to this clinical picture  [  177  ] . Multiple sim-
ilar cases have been reported in the literature 
since then  [  167,   178–  186  ] . This lesion is thought 
to be more common among patients with 
decreased immunity, for example, HIV-positive 
patients with syphilis and following steroid treat-
ment  [  179,   181,   182  ] . However, it has recently 
been reported in immunocompetent patients as 
well  [  178,   183–  185  ] . Menon and colleagues 
reported “Ganzfeld” electroretinogram (ERG) 
and multifocal ERG  fi ndings in their patient with 
ASPPC  [  185  ] . The readings were markedly 
reduced and undetectable, respectively; treat-
ment with penicillin led to complete resolution 
of these functional defects, suggesting reversible 
loss of function in their patient with ASPPC. 
Bellamann and colleagues reported increased 
fundus auto fl uorescence in the area correspond-
ing to the lesions of posterior placoid chori-
oretinopathy  [  186  ] . Although characteristic of 
syphilis in the appropriate clinical setting, these 
placoid lesions are not unique to syphilis; they 
may also be seen in serpiginous choroiditis, viral 
retinitis, and acute posterior placoid pigment 
epitheliopathy. 

 Morgan and colleagues described two cases of 
acute syphilitic chorioretinitis  [  175  ] . The  fi rst 
patient was a young woman with a history of 
positive serology for syphilis, who presented 
with decreased vision in one eye. Examination 
revealed active in fl ammation in the anterior 
chamber and scattered foci of chorioretinal 
involvement throughout the posterior pole. The 
second patient also presented with acute unilat-
eral loss of vision. In this case, there were no 

obvious signs of in fl ammation in the anterior 
chamber. Funduscopic examination revealed 
venous sheathing, shallow macular detachment, 
and in fi ltrates in the macula at the level of the 
RPE. This patient’s   FA showed staining and 
leakage of the affected retinal veins and choroidi-
tis localized to the macula. Both patients showed 
prompt response to IV penicillin with resolution 
of the lesions and improvement of vision. These 
cases described two different forms of syphilitic 
chorioretinitis: one had a diffuse chorioretinitis 
associated with anterior chamber in fl ammation, 
while the other had a more localized chorioreti-
nal involvement with evidence of vasculitis. 

 Blodi and colleagues studied the histological 
appearance of four eyes with syphilitic choriore-
tinitis  [  173  ] . In two eyes, there was proliferation 
of the RPE cells into the choroid through a break 
in the Bruch’s membrane, while in the other two 
there was proliferation of glial tissue through 
similar breaks in the Bruch’s membrane. The 
fundus examination of one eye with glial prolif-
eration showed multiple atrophic partly hyper-
pigmented patches and attenuated and sheathed 
vessels, while the other case showed macular 
scarring. Of the two eyes with RPE prolifera-
tion, one was a case of congenital syphilis and 
had inactive chorioretinitis with extensive scar-
ring, while the other eye showed chorioretinal 
adhesions. 

 Focal or multifocal chorioretinitis can occur in 
the secondary or tertiary stages of syphilis. 
Features more speci fi c to secondary syphilis 
include isolated vitritis and vascularized iris nod-
ules; gummas are seen in tertiary syphilis  [  156  ] . 

 Browning and colleagues described a patient 
who developed a lesion morphologically and 
angiographically very similar to that seen in 
birdshot chorioretinopathy  [  157  ] . They reported 
it as a broad band of pale in fl ammatory change 
in the choroid and retina in the absence of vas-
culitis; vitritis was concomitantly present; FA 
showed delayed venous return from the site of 
the lesion. After treatment with penicillin, the 
in fl amed area of choroid became depigmented 
and FA fi ndings remained the same at 1-month 
follow-up. Villaneuva and colleagues reviewed 
the clinical  fi ndings of 20 patients diagnosed 
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with posterior uveitis secondary to syphilis 
 [  172  ] . They categorized the patients as having 
acute or chronic disease based on whether it had 
been less than or more than 3 months since dis-
ease onset. Diffuse chorioretinitis was found to 
be the most common manifestation in 11 of the 
12 patients with chronic disease; one patient 
had chronic retinal vasculitis. Among the eight 
patients with acute disease, multifocal choriore-
tinitis was seen in four, and one patient had 
acute retinal vasculitis. Chorioretinitis may be 
associated with retinal vasculitis, edema of the 
optic disk, serous retinal detachment  [  171  ] , or 
tractional retinal detachment  [  169  ] . Lesions are 
most commonly located in the posterior pole 
and  mid-periphery and may increase in size 
with time  [  175  ] . 

 Ocular syphilis can occur with isolated 
involvement of the retina in the form of focal reti-
nal edema, vasculitis, or papillitis with minimal 
to absent involvement of the anterior chamber 
 [  155,   171  ] . 

 Jumper and colleagues described three cases 
of exudative retinal detachment occurring in 
association with uveitis and periphlebitis; 
although vision did not normalize, the detach-
ments resolved completely following antibiotic 
treatment  [  187  ] . The authors suggest that earlier 
treatment may lead to a better visual outcome. 
In another case of retinal detachment secondary 
to syphilis, Treponemas were identi fi ed in the 
subretinal  fl uid; however, despite aggressive 
treatment that included penicillin, the patient 
had a poor visual outcome with recurrence of 
detachment  [  188  ] . 

 In 2003, Anand and colleagues reported a case 
of multifocal central serous retinopathy occur-
ring bilaterally in a patient with neurosyphilis in 
the absence of any other signs of ocular 
in fl ammation  [  189  ] . The RPE detachment 
resolved slowly over the course of 2 years, and 
the patient maintained good vision. However, it 
could not be established with certainty whether 
these detachments were secondary to syphilis. 

 Necrotizing retinitis can be caused by a num-
ber of etiological agents such as toxoplasma, 
HSV, and CMV, including  Treponema pallidum . 
In HIV-positive MSMs, any of these agents, 

including  Treponema pallidum , might be the 
causative agent, and it may be impossible to dis-
tinguish them from each other clinically. However, 
accurate identi fi cation of the etiological agent is 
important to ensure correct treatment, which in 
the case of syphilis is associated with an excel-
lent visual outcome. Mendelsohn and colleagues 
discuss the case of a 32-year-old man who pre-
sented with blurred vision, redness, and pain in 
his right eye  [  190  ] . The patient did not  fi t into the 
“typical” demographic pattern of a syphilitic 
patient; the patient revealed a monogamous 
sexual relationship only with his wife. On exami-
nation, there was evidence of anterior uveitis; 
funduscopy showed a pale optic disk with ill-
de fi ned borders, and yellowish-white patches of 
retinitis were scattered over the posterior pole 
with evidence of vascular sheathing and some 
vascular occlusion. There was no evidence of any 
skin lesions. The presentation was typical of 
acute retinal necrosis; only a positive VDRL and 
FTA-ABS directed the authors towards a diagno-
sis of syphilis. The patient later admitted to 
homosexual contact and was subsequently treated 
with penicillin. Apart from a transient worsening 
of symptoms due to the Jarisch-Herxheimer reac-
tion, the patient had an uneventful clinical course 
and vision was restored to normal over the course 
of several weeks. The authors discuss that it may 
not always be possible to distinguish syphilitic 
retinitis from CMV retinitis, herpes retinitis, or 
ARN. In another case series of 20 eyes with ocu-
lar syphilis, four patients presented with panu-
veitis and necrotizing retinitis. These were 
mistakenly treated initially with acyclovir, which 
was later switched to penicillin when laboratory 
testing identi fi ed syphilis infection  [  167  ] . 

 We recently published a diagnostic challenge 
that discussed the case of an HIV-positive patient 
with unknown immune status who presented with 
a severe anterior uveitis with hypopyon (Fig.  7.6 ), 
vitritis, vasculitis, and optic disk edema  [  191  ] . 
The consultants discussed the possible etiolo-
gies: agents, acute retinal necrosis, syphilis, as 
well as noninfectious causes such as sarcoid and 
malignancy were possible differentials. However, 
iritis and hypopyon in a patient with retinitis are 
less likely to be present in a case of acute retinal 
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necrosis versus a case of syphilis. In cases when 
a patient’s CD4 cell count is known, the differen-
tial can be narrowed down further. For example, 
CMV retinitis occurs in patients with very low 
CD4 counts, while ocular syphilis occurs in 
patients with comparatively higher CD4 counts. 
None of the cases of ocular syphilis reported by 
Shalaby and colleagues had CD4 cell counts less 
than 70 cells/mm 3 ; in the case series by Balba, 
CD4 counts ranged between 388 and 594 cells/
mm 3   [  169,   192  ] .  

 There are a few cases reported where mor-
phology may help over serology for the diagnosis 
of ocular syphilis  [  159  ] . Wickremasinghe and 
colleagues reported a case series of  fi ve patients 
with ocular syphilis who had very similar patterns 
of involvement; each had areas of inner retinitis 
with several preretinal/inner retinal dots and reti-
nal arteriolitis. They treated two of their patients 
empirically with penicillin based on the above 
described fundus appearance despite negative 
serology. One of the patients treated empirically 
was later found to have a positive serology for 
syphilis. 

 Retinal involvement may rarely present with a 
picture very similar in appearance to retinitis pig-
mentosa (RP). Morgan and colleagues describe a 
case in which a patient was initially given the 
diagnosis of RP before being identi fi ed as having 
syphilitic retinopathy  [  175  ] . Villanueva described 
this  fi nding in a case of chronic chorioretinitis 

causing signi fi cant RPE damage  [  172  ] . Skalka 
and colleagues discuss that presence of vitritis, 
areas of chorioretinal atrophy, and perivasculitis 
are more likely to be seen in patients with syphilis 
than in those with RP  [  193  ] . The blood vessels in 
syphilis are less stenosed, and the disease is more 
likely to be unilateral. In both RP and syphilis, 
electroretinogram shows reduction in amplitude 
of the waves depending on the extent of retinal 
damage. However, in syphilis, A and B wave 
latencies remain normal, while in RP they are 
prolonged.  

   Retinal Vasculature 
 Retinal arterioles and venules may both be 
involved, or there may be isolated involvement 
of either one  [  175,   194,   195  ] . Vascular involve-
ment may be limited to staining of vessels only 
visible on   FA, or it may be seen as tortuous 
vessels with extensive exudation  [  159  ] . 
Vascular involvement may be followed by neo-
vascularization or stenosis of the retinal vessels 
 [  159,   175  ] . 

 Yokoi and colleagues report a case of irrevers-
ible damage of retinal vessels due to syphilitic 
vasculitis occurring in the secondary stage of the 
disease  [  196  ] . They describe a patient who pre-
sented with severe loss of vision in his left eye for 
3 weeks before presentation. Examination showed 
minimal presence of uveitis or vitritis. Funduscopic 
examination showed hemorrhages, white exudates, 

  Fig. 7.6    Slit-lamp photograph of the anterior segment of the left eye, illustrating conjunctival injection, posterior syn-
echiae, and hypopyon ( a ) and mutton fat keratic precipitates ( b )       
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and severe edema in the posterior pole with 
 vascular sheathing at the mid-periphery. FA 
showed delay in  fi lling and hyperpermeability of 
the vessels; some vessels were completely 
occluded and showed no  fi lling with dye. Six-
month follow-up after treatment demonstrated 
resolution of the edema, hemorrhages, and exu-
dates. However, the peripheral capillary non-per-
fusion and occlusion of the sheathed vessels 
persisted. 

 Morgan and colleagues described a patient 
who presented to them with complaint of a sco-
toma, the presence of which was veri fi ed on 
Amsler grid  [  175  ] . Funduscopy revealed multiple 
cotton-wool spots and one particularly large cot-
ton-wool spot corresponding to the scotoma in 
his visual  fi eld. FA revealed the presence of cap-
illary non-perfusion at that point. No other evi-
dence of in fl ammation was described in their 
case. The patient was treated with IV penicillin 
for 10 days, but no further follow-up was avail-
able regarding the resolution of the scotoma.  

   Optic Disk 
 The optic nerve may be affected unilaterally or 
bilaterally, and involvement can occur as perineu-
ritis, optic neuritis, retrobulbar neuritis, or papille-
dema (Fig.  7.7 )  [  197  ] . Involvement of the optic 

disk may manifest as  fi eld defects or rapid vision 
loss, while morphologically it does not appear to 
be different from any other disease entity involv-
ing the optic nerve. In fl ammation of the optic 
nerve may occur in isolation, or there may be con-
comitant in fl ammation of the vitreous and aque-
ous humor  [  197  ] . Other syphilitic manifestations 
include a well-demarcated opaci fi ed area of RPE 
around the disk  [  157  ]  and a bilateral presence of 
optic disk edema with surrounding splinter hem-
orrhages  [  157,   197  ]  that may even be present at 
the macula, leading to very poor vision  [  197  ] .  

 Prokosch and colleagues compared the visual 
outcomes of 60 cases of syphilitic optic neuritis 
reported in literature  [  197  ] . They reported better 
outcomes in HIV-negative patients and in patients 
who received treatment with corticosteroids in 
addition to penicillin and probenecid. The bene fi t 
of additional steroid treatment did not seem to 
apply to the HIV-positive population. 

 Corticosteroids, however, should be used with 
caution in patients with syphilis. Zamani and col-
leagues cite a case of a 38-year-old Caucasian 
male who presented with decreased vision and 
color sensitivity  [  179  ] . Three weeks after treat-
ment with oral prednisone only, his vision wors-
ened and yellow placoid lesions developed around 
his macula. Discontinuation of steroid treatment 

  Fig. 7.7    Fundus photograph of the left eye showing 
optic disk swelling, peripapillary  fl ame hemorrhage, 
and venous distension; the patient did not have vitritis 
at presentation ( a ). Twenty-four days after initiation of 
treatment with intravenous penicillin, there is remark-
able resolution of the fundus abnormalities ( b ) (Adapted 

with permission from Browning D. Posterior segment 
manifestations of active ocular syphilis, their response 
to a neurosyphilis regimen of penicillin therapy, and the 
in fl uence of human immunode fi ciency virus status on 
response. Ophthalmology. 2000;107:2015–2023)       
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was followed by resolution of the lesions and 
improvement of vision by the next follow-up visit 
5 days later. At this time, the patient was found to 
be positive for RPR and VDRL and was treated 
successfully with ampicillin. This case highlights 
the importance of correctly identifying syphilis at 
the outset as steroid treatment alone, without 
antibiotics, can lead to adverse outcomes.   

   Indocyanine Green Angiography 
in Ocular Syphilis 

 Mora and colleagues described the indocyanine 
green (ICG)  fi ndings in 16 eyes with ocular 
syphilis. Their review of late frames in 11 eyes 
showed multiple scattered hyper fl uorescent areas 
in the mid-periphery  [  198  ] , which were later 
con fi rmed in another case report  [  183  ] ; late 
hyper fl uorescence around retinal vessels was 
identi fi ed in one patient in their series [  198  ] ; and 
two eyes in their series showed ICG abnormali-
ties in the absence of  fi ndings on clinical exami-
nation and FA. These  fi ndings suggest the 
possibility of using ICG as a diagnostic tool 
when suspicion is high, but funduscopy and FA 
do not reveal any abnormalities.  

   Association Between HIV and Syphilis 

 Before the advent of penicillin, syphilis was 
identi fi ed as one of the most common causes of 
eye infection  [  172  ] . In recent years, there has 
been a resurgence of ocular syphilis among HIV-
infected individuals, with syphilis being identi fi ed 
as the most common bacterial cause of uveitis 
 [  169  ] . HIV co-infection leads to a rapid progres-
sion of ocular syphilis  [  199  ]  with more severe 
manifestations  [  168,   200  ] , which are frequently 
bilateral and involve the posterior segment  [  169, 
  176,   197,   201,   202  ] . In a review of literature of 
syphilitic optic nerve manifestations, Prokosch 
and colleagues reported a lower rate of improve-
ment in the HIV-positive versus the HIV-negative 
population  [  197  ] . Historically, CMV retinitis has 
been the most commonly reported ocular infec-
tion associated with HIV  [  203  ] ; however, ocular 

syphilis is becoming increasingly common 
among HIV patients and must be kept in mind as 
a differential when considering etiological agents 
of retinitis in this population  [  192  ] . Ocular syphi-
lis does not seem to occur only in the immuno-
compromised state of HIV infection; clinical 
manifestations have been reported in literature 
irrespective of CD4 cell count and whether or not 
the individuals are receiving antiretroviral treat-
ment  [  167,   169,   192  ] . Shalaby and colleagues 
reported that HIV-positive patients who were not 
receiving antiretroviral treatment experienced 
severe involvement of the eye with syphilis. Over 
a 12-year period, ocular syphilis was identi fi ed 
in 0.6% of 2,085 HIV-positive patients  [  169  ] . 
Most of their patients had a CD4 count less than 
200 cells/mm 3 , but none had a CD4 count lower 
than 70 cells/mm 3 . Later, in 2006, Balba and col-
leagues compared the occurrence of ocular syph-
ilis before and after the era of HAART  [  192  ] . In a 
retrospective chart review of 453 patients screened 
for syphilis between 1997 and 2001, 16 cases 
were identi fi ed to have syphilis, but none had 
ocular manifestations; however, between 2001 
and 2002, they identi fi ed three cases of ocular 
syphilis. All three cases were MSMs, and their 
CD4 counts ranged between 388 and 594 cells/
mm 3 . They discussed that restoration of the 
immune system did not protect HIV-positive 
individuals from ocular involvement with syphi-
lis but instead made it more likely to experience 
the in fl ammatory manifestations of the disease 
 [  192  ] . They reported blurred vision to be the most 
common presenting complaint; bilateral posterior 
uveitis was observed in all three patients, while 
one patient also had retinal detachment  [  192  ] . 
Ocular syphilis, in patients who are HIV-positive, 
has been reported to cause papillitis, optic neuri-
tis, branch retinal vein occlusion, necrotizing 
retinitis, periphlebitis, and serous and exudative 
retinal detachment among other manifestations 
 [  168,   201,   202,   204  ] .  

   Clinical Importance of Ocular Syphilis 

 Ocular syphilis can be the  fi rst manifestation of 
syphilis and HIV status of a patient. In the case 
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series published by Browning and colleagues, 
ocular syphilis was the  fi rst manifestation of 
HIV status in three of the  fi ve patients who were 
HIV positive  [  157  ] . In another case series of 12 
patients (20 eyes), ocular manifestations of 
syphilis were the  fi rst signs of a positive HIV 
status in three patients  [  167  ] . In the retrospective 
case series reported by Shalaby and colleagues, 
ocular complaints were the  fi rst manifestations 
of syphilis in half of their patients, some of 
whom were later identi fi ed to have a concomi-
tant rash  [  169  ] . 

 Ocular syphilis may go unrecognized, espe-
cially in the private practice setting. According to 
a retrospective chart review of 14 patients by 
Browning and colleagues, six patients were seen 
by ophthalmologists prior to presenting to them; 
syphilis was not identi fi ed as the etiological agent 
in any of the six patients, who were instead treated 
with different formulations of steroids  [  157  ] .  

   Therapy 

 Ocular manifestations of syphilis are usually 
associated with neurological involvement and 
therefore should be treated according to the rec-
ommendations for neurosyphilis. The Centers for 
Disease Control (CDC) recommends aqueous 
crystalline penicillin G 18–24 million units 
administered as 3–4 million units IV every 4 h or 
as a continuous infusion for a total of 10–14 days. 
If patient compliance is certain, an alternative 
regimen is procaine penicillin 2.4 million units 
intramuscular (IM) once daily, plus probenecid 
500 mg orally four times a day, both taken for a 
total of 10–14 days  [  205  ] . 

 For penicillin-allergic patients, ceftriaxone 
2 g daily IM or IV for 10–14 days can be used. 
However, there is a possibility of cross-reactivity 
between cephalosporins and penicillins. In 
such cases, one may consider skin testing to 
con fi rm allergy; if positive, follow with desensi-
tization  [  205  ] . 

 Also, if ocular syphilis is suspected or diag-
nosed, one needs to perform a cerebrospinal  fl uid 
(CSF) examination to complete the evaluation. If 
pleocytosis is detected, one needs to repeat CSF 

examination every 6 months until the cell count 
becomes normal. If the cell counts do not decrease 
after 6 months or remain abnormal after 2 years, 
consider re-treatment and closely follow the 
patient  [  205  ] . 

 Corticosteroids play an important role in the 
treatment of ocular syphilis. However, steroid 
treatment should be initiated at the appropriate 
time. If continued for long without appropriate 
antibiotics, it can lead to worsening of the dis-
ease with increased treponemal load and devel-
opment of new lesions. However, initiating 
steroid treatment in association with antibiotics 
plays an additive role in combating the infection 
and also helps to avoid the Jarisch-Herxheimer 
reaction  [  156,   178,   179  ] . 

 Jarisch-Herxheimer reaction is a febrile reaction 
usually occurring within the  fi rst 24 h of initiat-
ing treatment for syphilis. It has been reported to 
cause transient worsening of symptoms  [  190  ] , 
but some cases may experience a very severe 
reaction  [  206,   207  ] . Pournaras and colleagues 
report a case of bilateral giant tears and retinal 
detachment developing in an emmetropic 45-year-
old man 2 weeks after starting penicillin treat-
ment for syphilitic uveitis  [  207  ] . The in fl ammation 
associated with severe vitritis may have been 
exacerbated by the in fl ammatory changes asso-
ciated with the Jarisch-Herxheimer reaction, 
leading to giant retinal tears in this patient. 
Danesh-Meyer and colleagues recommend pre-
treatment with corticosteroids a few hours before 
commencing penicillin treatment to avoid having 
a severe Jarisch-Herxheimer reaction  [  208  ] . 

 The Center for Disease Control (CDC) guide-
lines state that antibody titers of the non-trepone-
mal tests, for example, VDRL or RPR, are 
re fl ective of disease activity  [  152  ] . However, 
cases have been reported in the literature that 
have severe eye disease despite having low titers 
 [  209  ] . Manifestation of ocular symptoms occur-
ring after previous treatment for syphilis may 
account for the low antibody titers in some 
patients with ocular involvement of the disease 
 [  172  ] . Also, VDRL and FTA-ABS should both 
be performed for accurate diagnosis as VDRL 
alone without an FTA-ABS test may cause one to 
miss many cases of ocular syphilis  [  209  ] .   
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   Controversies and Perspectives 

 The incidence of ocular syphilis is increasing and 
the disease can present in many different ways. 
Morphology of the lesions is generally not 
believed to be helpful in the diagnosis of the dis-
ease; however, as mentioned in the text, cases 
where morphology rather than serology pointed 
to the diagnosis have been reported in literature. 
We have discussed most of the retinal and choroi-
dal manifestations reported in the literature. 
However, there may be newer ways in which 
syphilis may present. As co-infection with HIV 
continues to modify the progression of this dis-
ease, it is important to be vigilant for the presence 
of syphilis when patients from high-risk popula-
tions present with ocular in fl ammation. However, 
in some cases, patients simply may not give 
history of high-risk behavior. Therefore, demo-
graphics, history, examination, laboratory tests, 
including treponemal and non-treponemal anti-
body tests, imaging modalities, and in some cases 
retinal function tests should all be used effec-
tively to allow one to make the correct diagnosis. 
Posterior segment involvement should not be 
looked at in isolation as a concomitant anterior 
chamber in fl ammation as well as systemic signs 
and symptoms may direct one toward the diagno-
sis. Prompt identi fi cation and treatment can lead 
to rapid and full recovery in most cases. 

 There are debates regarding the signi fi cance 
and the correct timing of performing the CSF 
examination in patients with syphilis. The CSF-
VDRL test is not very sensitive for detection of 
antibodies, and in HIV-positive patients, CSF 
protein levels and cell counts are usually abnor-
mal without actual invasion of the CNS by the 
Treponemas. Also, CSF pleocytosis persists for 
long periods of time in patients who are co-
infected with HIV. Therefore, the presence of 
cells on follow-up CSF examination is not neces-
sarily an evidence of treatment failure. Close 
clinical correlation is required. CSF examination 
is recommended for cases of ocular syphilis. 
However, for infection limited to the anterior 

chamber, its signi fi cance is debatable. Although 
the CDC does not recommend a different treat-
ment regimen for HIV-positive versus HIV-
negative patients with syphilis, it is likely that 
HIV-positive patients may have higher rates of 
treatment failure and complications, and in some 
cases, a more aggressive treatment approach may 
be needed.        
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  Clinical Pearls 

    Ocular syphilis is frequently associated • 
with neurosyphilis; CDC recommends 
CSF examination in these patients.  
  For diagnosis of ocular syphilis, both • 
the non-treponemal (i.e., VDRL, RPR) 
and treponemal tests (i.e., FTA-ABS) 
should be performed to avoid missing 
the diagnosis.  
  CDC recommends testing for HIV infec-• 
tion in patients diagnosed with neuro-
syphilis; strongly consider HIV testing 
in any patient presenting with ocular 
syphilis.  
  Ocular infection with  • Treponema pal-
lidum  is considered tertiary syphilis and 
requires complete therapeutic course of 
10–14 days with intravenous therapy; 
treatment with intramuscular antibiotics 
is often not suf fi cient.  
  Syphilis has no pathognomonic mani-• 
festations; one needs to consider the 
diagnosis in patients who have risk fac-
tors for acquiring the infection.  
  One needs to rule out infectious causes • 
of in fl ammation before initiating treat-
ment with steroids; appropriate treat-
ment of ocular syphilis with intravenous 
penicillin often yields excellent visual 
outcome.    
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   Introduction 

 Several viral infections may involve the retina 
and choroid. These viruses include herpes viruses, 
rubella, rubeola, in fl uenza, Epstein-Barr virus, 
human immunode fi ciency virus (HIV), and West 
Nile virus. The predominant causes of viral retin-
itis and choroiditis are viruses of the Herpesviridae 
family. Classic  fi ndings of infection include vitritis, 

periarteritis, necrotizing retinitis, and optic neu-
ropathy. The central questions regarding the diag-
nosis and management of viral infections of the 
retina include identi fi cation of the best method of 
rapid and speci fi c treatment, the optimal surgical 
approach for repair of secondary retinal detach-
ment, and the primary etiology of ocular infec-
tion and reactivation especially in the case of 
latent virus within the central nervous system.  

   Acute Retinal Necrosis 

 In Japan, in 1971, Urayama et al. reported six 
cases of a novel form of uveitis and named the 
disease Kirisawa’s uveitis. Later, Willerson 
reported a necrotizing vaso-occlusive retinitis 
and named this syndrome acute retinal necrosis 
(ARN)  [  1  ] . In 1982, Culbertson identi fi ed the 
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causative organism of ARN as herpesvirus,  fi rst 
by demonstrating the presence of intraocular her-
pesvirus particles by electron microscopy and 
later by culturing varicella-zoster virus (VZV) 
from an affected eye  [  2  ] . 

 ARN is an ocular emergency as it rapidly leads 
to blindness if not promptly recognized and 
treated. It is characterized by peripheral necrotiz-
ing retinitis, retinal arteritis, and intraocular 
in fl ammation. ARN syndrome is caused by a pri-
mary infection with  [  3  ]  or reactivation of a latent 
herpes simplex virus (HSV-1 or HSV-2) or vari-
cella-zoster virus (VZV). While advances have 
been made in the diagnosis of ARN syndrome, 
speci fi cally with the detection of viral DNA in 
intraocular  fl uids using polymerase chain reac-
tion (PCR), recognition of the disease remains 
based on clinical appearance. 

 In 1994, the American Uveitis Society pub-
lished a set of diagnostic criteria for ARN 
(Fig.  8.1 ): (1) one or more foci of retinal necro-
sis with discrete borders in the peripheral retina, 
(2) rapid progression in the absence of antiviral 
therapy, (3) circumferential spread, (4) occlu-
sive vasculopathy with arteriolar involvement, 
(5) prominent vitritis and anterior chamber 
in fl ammation, and (6) optic neuropathy or atro-
phy, scleritis, and pain (supportive but not 

required). It should be noted that this de fi nition 
does not depend on the extent of necrosis, viral 
etiology, or immune status of the host. When 
these criteria are not met in the setting of necro-
tizing retinitis that additionally does not resemble 
cytomegalovirus (CMV) retinitis or progressive 
outer retinal necrosis (PORN), the term “necro-
tizing herpetic retinopathy” is suggested. 
Necrotizing herpetic retinopathy can occur early 
after the initial infection. However, in this cir-
cumstance, the retinal lesion is usually localized 
and slowly progressive, whereas in ARN the 
lesions are rapidly progressive  [  4  ] .  

   Causative Virus 

 The causative agents in ARN are the alpha herpes 
viruses HSV-1, HSV-2, VZV, and rarely CMV 
 [  5  ] . These viruses have been isolated from the 
choroid  [  6  ] , retina  [  6  ] , lens, and vitreous body 
 [  6–  8  ] . Antigen for HSV-1 had been detected in 
the in fl ammatory in fi ltrate and also in the retina 
and vitreous body  [  9,   10  ] . Antigen for HSV-2 has 
been detected in the vitreous  [  11  ]  and also in the 
spinal  fl uid and serum  [  12,   13  ] . DNA for HSV-1 
and HSV-2 has been ampli fi ed by PCR in several 
ocular biopsies  [  14–  18  ] . Interestingly, a study 
measuring the serum anti-HSV antibody titers by 
enzyme-linked immunosorbent assay (ELISA) 
revealed a positive anti-HSV-2 antibody and neg-
ative anti-HSV-1 antibody in the sera of a group 
of Japanese patients with HSV-2 DNA–positive 
ARN syndrome  [  12  ] . This  fi nding that patients 
who are positive for HSV-2 ARN only possess 
anti-HSV-2 antibodies suggests that the absence 
of preexisting HSV-1 infection may play an 
important role in the development of HSV-2 ARN 
syndrome.  

   Epidemiology 

 ARN is a rare condition. A study from the United 
Kingdom demonstrated an incidence of 1 in every 
1.6–2 million people per year  [  19  ] . Additionally, 
a 2002 study revealed that only 41 (1.3%) of 
3,060 Japanese uveitis patients had ARN  [  20  ] . 

  Fig. 8.1    Acute retinal necrosis. Photograph demonstrates 
retinal necrosis, vitritis, and perivascular in fi ltrates       
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There is controversy regarding the discrepancy 
of sex with the development of ARN. One study 
reports no sex difference for all types of ARN 
and the prevalence of ARN is nearly equal between 
the sexes  [  16  ] . HSV-2-associated ARN tends to 
occur at a younger age than HSV-1- and VZV-
associated ARN. In one report, the mean age of 
onset was 20 years (6 cases) for HSV-2–ARN, 
47 years (7 cases) for HSV-1–ARN, and 57 years 
(13 cases) for VZV–ARN syndrome  [  16  ] .  

   Virological Diagnosis 

 Virological analysis of the aqueous humor or 
vitreous is required for diagnostic con fi rmation 
and for identi fi cation of the speci fi c herpes virus. 
The highest sensitivity and speci fi city are 
obtained through the detection of viral DNA by 
PCR. Real-time quantitative PCR has allowed 
monitoring of viral titer and treatment response 
throughout the clinical course of ARN. There 
have been reports of patients with ARN in whom 
real-time PCR documented a decrease in the 
HSV DNA copy number in aqueous humor fol-
lowing the initiation of treatment  [  21,   22  ] . 

 Since most adults have a history of infection 
by herpes virus, the presence of viral antibodies 
in the peripheral blood is not a speci fi c  fi nding. 
Additionally, the serum antibody level does not 
necessarily correlate with clinical activity of the 
virus, speci fi cally with ARN  [  23  ] . However, com-
parison between the antibody load in serum and 
intraocular  fl uids may be measured and compared 
to monitor intraocular viral infection. The ratio of 
speci fi c antibody (aqueous or vitreous)/total IgG 
(aqueous or vitreous) to speci fi c antibody (serum)/
total IgG (serum) makes up the Goldmann-Witmer 
coef fi cient. If the coef fi cient is 1 or greater, theo-
retically, there is intraocular production of anti-
body, indicating an intraocular propagation of 
the virus. In practice, a coef fi cient of 4 or above is 
interpreted as intraocular infection, whereas a 
coef fi cient between 1 and 4 is suspected infection 
and any coef fi cient below 1 is regarded as nega-
tive. In general, these strategies are mired by 
complexities in the course of antibody produc-
tion, which is weak in early infection and therefore 

calculations must be normalized against IgG 
production. PCR should be chosen as the initial 
test for suspected cases, and antibody titers should 
be reserved for cases with a time lapse from onset. 
It is important to note, though, that treatment 
should never await diagnostic con fi rmation when 
there is strong suspicion based on clinical 
examination.  

   Clinical Course 

 ARN is predominantly unilateral, but the contral-
ateral eye occasionally becomes involved, usu-
ally within 1–6 weeks following onset in 9–36% 
of patients. A national population-based study 
from the United Kingdom revealed that 9.7% of 
subjects had progression to the contralateral eye 
 [  19  ] . While Palay et al. reported that prolonged 
acyclovir treatment decreases the involvement of 
the contralateral eye, another study reported that 
9 of 80 patients (11.3%) had contralateral involve-
ment despite adequate antiviral therapy  [  24,   25  ] . 

 The cardinal symptoms of ARN include acute 
onset of ocular pain, external vasodilatation, uni-
lateral loss of vision, photophobia, and  fl oaters. 
The classic triad of symptoms includes vitritis, 
multifocal yellow-white peripheral retinitis, and 
retinal arteriolitis. In some cases, early manifes-
tations of choroiditis can be observed as 
opaci fi cation of the choroid/retinal pigment epi-
thelium (RPE) with hypoperfusion then late 
staining of the choroid followed by the classic 
 fi ndings  [  26  ] . Heavy anterior chamber and vitre-
ous in fl ammation is frequently observed during 
the acute phase. Vitreous in fl ammation soon 
resolves following treatment initiation, but opac-
ity can recur 3–4 weeks after onset due to  fi brous 
organization of the vitreous. This can lead to 
incomplete posterior vitreous detachments, pro-
liferative vitreoretinopathy, and persistent vitre-
ous traction of vitritis, periarteritis, necrotizing 
retinitis, and optic neuropathy. 

 Multifocal, small, white-yellow granular lesions 
develop in the peripheral retina, considered to be a 
result of active viral proliferation and excessive 
recruitment of immune response in outer retinal 
layers. These lesions are usually discontinuous 
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with scalloped edges. As the  disease progresses, 
these lesions enlarge and coalesce to become 
con fl uent, dense, creamy opaque lesions which 
eventually spread toward the posterior pole. 
Periarteritis and occlusive retinal vasculitis are also 
commonly observed, sometimes associated with 
the development of ghost vessels and club-shaped 
hemorrhages along the vasculature  [  27  ] . As the dis-
ease advances, full-thickness retinal necrosis devel-
ops. Circulatory impairment in the retinal tissue 
surrounding the early granular lesions likely occurs 
early in the clinical course. Even with the initiation 
of treatment, these lesions may expand, leading to 
a several-day lag time between treatment initiation 
and disease regression. As the vitreous contracts 
from chronic in fl ammation, even weak traction on 
the retina can create breaks where necrosis has 
occurred. In the  fi nal stages and even after regres-
sion, retinal detachment occurs at rate of 50–75% 
secondary to breaks in these areas of retinal 
 necrosis. Margolis et al. reported herpetic retinitis 
presenting as a rapidly progressive multifocal pos-
terior necrotizing retinitis caused mostly by 

 varicella-zoster virus. Patients with this clinical 
presentation had a 100%  incidence of rhegmatog-
enous retinal detachment (Fig.  8.2 )  [  28  ] .   

   Treatment 

 Treatment of ARN has three general principles: 
rapid administration of antiviral therapy, protec-
tion of the uninvolved eye, and surveillance/repair 
of retinal detachment. The most important action 
is immediate initiation of intravenous (IV) acyclo-
vir (10 mg/kg body weight every 8 h), usually with 
the assistance of infectious disease consultation. 
This medication may lead to reversible elevations 
in serum creatinine and liver function tests, and 
dosage should be reduced in the presence of renal 
insuf fi ciency. Additional therapy with intravitreal 
injection of ganciclovir (0.2–2.0 mg/0.1 mL) or 
foscarnet (1.2–2.4 mg/0.1 mL) is recommended at 
presentation. This should immediately follow vit-
reous aspirate for PCR studies but should not await 
laboratory con fi rmation. These drugs have a short 

  Fig. 8.2    Multifocal posterior necrotizing retinitis. Montage demonstrates punctate multifocal lesions that will coalesce 
to con fl uent areas of retinitis. This variant of ARN is often associated with varicella zoster       
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half-life and intravitreal injection may need to be 
repeated twice weekly until adequate control has 
been obtained. With the advent of intravitreal 
injections, initial combination therapy with the 
oral prodrug, valacyclovir (1–2 g orally three times 
daily), has been used as  fi rst-line therapy or in 
patients who fail to respond to IV acyclovir. There 
is currently no randomized trial that compares IV 
to oral therapy, and presently, the cost of the oral 
prodrug is 10–100 times the cost of generic acy-
clovir. Hence, 2 weeks of outpatient IV therapy 
followed by oral acyclovir may be more cost effec-
tive. Following 24–48 h of systemic antiviral ther-
apy, systemic corticosteroid, predominantly 
prednisone (1 mg/kg/day), is initiated to treat the 
associated in fl ammation. 

 The second area of controversy is the optimal 
timing for conversion to oral therapy when IV 
therapy is used and the general time period for 
maintenance therapy. Usually following a 10–14-
day course of IV acyclovir with or without weekly 
intravitreal antiviral injections, treatment may be 
changed to oral therapy if adequate regression of 
retinitis is observed. Oral acyclovir is rarely used 
secondary to its poor bioavailability. Instead, vala-
cyclovir (1 g three times daily for VZV; 500 mg 

daily for HSV) or famciclovir (500 mg three 
times daily for VZV; 250 mg three times daily for 
HSV) is initiated for at least 3 months following 
infection. If central nervous system manifestations 
are noted that are consistent with viral meningitis 
or encephalitis, management requires a longer 
course of IV therapy and perhaps even long-term 
viral suppression with oral antiviral therapy. 

 Even following “resolution” of ARN, there is 
nearly a 75% risk of retinal detachment. Prophylactic 
barrier laser photocoagulation should be applied to 
areas of healthy retina posterior to necrosis as soon 
as vitreous in fl ammation clearance permits an 
adequate view. Additionally, early pars plana vit-
rectomy along with endolaser treatment has been 
postulated to have better response secondary to 
removal of contributing vitreous traction. 
Generally, in the presence of multiple retinal 
breaks with or without detachments, reattachment 
by vitrectomy with either C3F8 or silicone oil 
injection is usually necessary. Although the rate of 
reattachment approaches 98%, by either gas or 
silicone, a visually limiting complication of ARN 
is cystoid macular edema (CME) (Fig.  8.3a, b ), 
which can be dif fi cult to treat secondary to the 
threat of viral reactivation with intensive steroid 

  Fig. 8.3    Optical coherence tomography ( a ) shows massive cystoid macular edema in a patient with acute retinal necrosis ( b ). 
At presentation, the patient had received 2 weeks of intravenous acyclovir for herpes simplex encephalitis       
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treatment. In severe circumstances, one may 
 consider the placement of a sustained-release gan-
ciclovir implant (Vitrasert®, Bausch & Lomb, 
Madison, NJ, USA) with continued oral antiviral 
treatment if intravitreal triamcinolone acetonide is 
necessary to resolve the CME or if a retinal detach-
ment repair is necessary. The Vitrasert® implant 
can be used in conjunction with either silicone oil 
or C3F8.  

 The prognosis for ARN is generally poor. The 
majority of patients have less than 20/200 vision 
in the affected eye. However, the prognosis may 
signi fi cantly improve with early recognition, 
aggressive antiviral therapy, and laser photoco-
agulation. In severe cases, especially with retinal 
detachment, hypotony is an infrequent but seri-
ous complication.   

   Cytomegalovirus 

 Cytomegalovirus (CMV) is a herpes virus con-
taining double-stranded DNA. Systemic infec-
tion is common and causes an antibody-negative 
mononucleosis syndrome. CMV retinitis is the 

most common ophthalmic manifestation of CMV, 
occurring as a congenital infection in infants or 
as an opportunistic infection in the immunocom-
promised host. Adults commonly affected include 
those individuals with acquired immunode fi ciency 
syndrome (AIDS), oncology patients, and patients 
on immunosuppressive/immunomodulatory ther-
apy post-organ transplantation or for autoimmune 
disorders. Speci fi cally, AIDS patients with a 
CD4+ count lower than 50 cells/ m (mu)L are con-
sidered at highest risk and make up the most 
commonly affected population of patients. Ocular 
CMV infection is an especially rare cause of ARN 
in immunocompetent adults. The advent of highly 
active antiretroviral therapy (HAART), though, 
has signi fi cantly reduced incidence of CMV 
retinitis and its complications in AIDS patients. 

   Diagnosis 

 The diagnosis of CMV retinitis is primarily based 
on clinical  fi ndings in the immunocompromised 
host, with observation of characteristic hemor-
rhagic, full-thickness retinitis (Fig.  8.4a, b, c ). 

  Fig. 8.4    Cytomegalovirus can present as a pattern of ( a ) frosted branch angiitis, ( b ) hemorrhagic retinitis, or ( c ) granular 
in fi ltrate       
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Early CMV may appear as a small white retinal 
in fi ltrate mistaken for a cotton-wool spot of 
HIV-related microvasculopathy. However, this 
focal edema quickly expands without treatment. 
The healthy retina becomes sharply demarcated 
from spreading infected retinal cells. Histopathology 
of infected retina reveals pathognomonic large 
eosinophilic intranuclear inclusions and small 
basophilic cytoplasmic inclusions and few sur-
rounding in fl ammatory cells. Active retinitis has 
a faint granular border of intraretinal in fi ltrates 
that represent foci of viral activity in the normal 
retina. Infected cells lyse, leaving an area of full-
thickness necrosis with underlying choroiditis. 
Released virus particles and cell-to-cell transmis-
sion allow infection of adjacent retinal cells. A 
diminished in fl ammatory response is observed 
secondary to the immunocompromised state of 
the host.  

 The identi fi cation of these clinical features 
relies on fundus photography,  fl uorescein angiog-
raphy, optical coherence tomography, and elec-
trophysiological testing. Fundus auto fl uorescence 
imaging can be helpful in highlighting areas of 
active CMV retinitis. A hyperauto fl uorescent 
signal has been correlated with  fl agrant advanc-
ing CMV retinitis, and a hyperauto fl uorescent 
border is helpful in the detection and localization 
of subtle CMV reactivation. In one of nine 
patients in a recent study, diffuse, punctate 
hyperauto fl uorescence after intravitreal ganci-
clovir and foscarnet was associated with medica-
tion-related toxicity  [  29  ] . 

 Congenital CMV retinitis has a similar clinical 
appearance on ophthalmoscopic exam. However, 
it is additionally associated with systemic  fi ndings 
of jaundice, hepatosplenomegaly, ventriculomeg-
aly with periventricular calci fi cations, petechial 
rash, seizures, microcephaly, fever, thrombocy-
topenia, anemia, and pneumonitis.  

   Staging and Progression 

 CMV retinitis staging is tied closely with the 
nature of CMV retinitis progression. The broad-
est staging classi fi cation focuses on the differen-
tiation of active infectious retinitis from necrosis. 

There are three distinct variants of CMV retinitis: 
(1) classic or fulminant retinitis with large areas 
of retinal hemorrhage along a whitened, edema-
tous, or necrotic retina, usually in the posterior 
pole in the distribution of the nerve  fi ber layer 
along the vascular arcades; (2) granular or indo-
lent retinitis without retinal edema, hemorrhage, 
or vascular sheathing, progressing along active 
borders in the retinal periphery; and (3) perivas-
cular CMV or frosted branch angiitis with retinal 
perivasculitis. Active CMV retinitis progresses in 
two modes. First, new discontinuous hemorrhagic 
skip lesions can appear, presumably through 
hematogenous spread. Second, and more com-
monly, lesions may expand and coalesce with 
nearby lesions via cell lysis and cell-to-cell 
transmission. 

 CMV retinitis may also be described by the 
zone of involvement. Zone 1 lies within 
1,500  m (mu)m of the optic nerve or 3,000  m m of 
the fovea, zone 2 extends from the edge of zone 1 
to the vortex veins ampullae, and zone 3 extends 
from the edge of zone 2 to the ora serrata. Zones 
2 and 3 are the most common sites of initial reti-
nal involvement. 

 CMV retinitis lesions expand relatively slowly 
at 250–350  m m/week, and therefore, the center of 
the lesions will have time to progress from hem-
orrhagic to fully necrotic while the border remains 
active. This is an important contrast to ARN 
lesions which expand more rapidly usually with-
out an identi fi able atrophic center. When the cen-
tral area progresses to necrotic tissue, the lesion 
evolves from an edematous hemorrhagic appear-
ance to a glial scar with underlying retinal pig-
mented epithelium apparent. Therefore, special 
attention should be given to the edges of the 
lesions, inspecting for advancing retinitis, rather 
than central areas of atrophic and inactive infec-
tion, when monitoring for progression of 
infection. 

 Although this disease is destructive, prompt 
recognition and treatment of this slowly progres-
sive infection can allow for visual preservation. 
The progression of CMV retinitis may be moni-
tored by repeated clinical examinations or by 
serial fundus photography  [  30,   31  ] . Peripheral 
and/or central vision loss occurs predominantly 
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secondary to the development of an absolute 
scotoma due to retinal necrosis. It is common for 
patients to be asymptomatic until there is macu-
lar involvement with central vision loss. This 
may be secondary to necrosis involving the mac-
ula or to macular edema associated with nearby 
lesions. Additionally, if the optic nerve is 
involved, visual loss can be severe even with a 
minimal degree of retinitis. 

 Retinal detachment occurs in 5–29% of eyes 
in various case series, predominantly secondary 
to vitreous traction  [  32  ] . In those patients with 
retinal detachment in one eye, 50% will develop 
a detachment in the contralateral eye if involved 
in the disease course. The probability of retinal 
detachment increases, in a nonlinear manner, 
with the extent of retinal involvement. There is a 
 fi vefold increase in detachment incidence when 
the retinitis involves 25% of the retina compared 
to 10% involvement  [  33  ] . The risk of detachment 
is substantially less among patients receiving 
HAART, with an associated 60% reduction in 
retinal detachment rate (P < .001)  [  34  ] . The great-
est bene fi t was observed among patients who 
developed an immunologic response with the ini-
tiation of this therapy. This is attributed to better 
control of infection, resulting in smaller, inactive 
lesions and therefore better healed and more 
adherent scars  [  35,   36  ] . In one study, a signi fi cant 
difference in the rate of retinal detachment was 
additionally found between eyes treated with sys-
temic therapy only and those treated with implants, 
whether used as primary therapy or subsequent to 
using systemic anti-CMV therapy  [  37  ] .  

   Laboratory Findings 

 The most important risk factor for CMV retinitis 
is immune dysfunction. The CD4+ count is used 
as a marker of immune dysfunction in patients 
infected with HIV, and patients are deemed at 
highest risk when CD4 count falls below 50 cells/
uL. Because these patients may be asymptomatic 
with regard to CMV retinitis, scheduled ophthal-
mic screening, with frequency of dilated fundus 
exams (Table  8.1 ) based on CD4 count, should be 
performed.  

 The presence of atypical features can some-
times make clinical diagnosis more dif fi cult. As 
noted above, initial signs of CMV retinitis may 
resemble cotton-wool spots commonly observed 
in HIV retinopathy. Additionally, it may be clini-
cally dif fi cult to distinguish CMV retinitis from 
intraocular lymphoma, complicating diagnosis in 
some patients  [  38  ] . Patients with an atypical pre-
sentation or those individuals nonresponsive to 
antiviral therapy may undergo aqueous or vitre-
ous biopsy with subsequent PCR analysis to 
con fi rm the diagnosis and differentiate infection 
from other herpetic etiologies as well as toxo-
plasmosis. This diagnostic evaluation, though, is 
rarely practiced. Systemic specimens can be 
obtained from blood buffy coat, semen, or urine. 
Detection of CMV in the blood by DNA PCR is 
most predictive of developing CMV disease  [  39  ] . 
Patients with AIDS who test positive will have 
over a 60% chance of developing CMV end-
organ disease. An important consideration is that 
responders to ganciclovir prophylaxis convert to 
PCR negative with treatment. Compared to non-
responders, survival is increased 2.4 times at 
12 months. In congenital CMV infection, 
identi fi cation of viral inclusion bodies, a positive 
CMV culture, and supportive PCR analysis of 
urine, saliva, and subretinal  fl uid may be helpful 
in the diagnosis.  

   Treatment 

   Pharmacologic 
 There are two main objectives in the treatment of 
CMV retinitis. First, vigorous anti-CMV medica-
tion must be initiated to stop viral propagation. 

   Table 8.1    Scheduled ophthalmic screening for ocular 
CMV based on CD4 count   

 CD4+ >100 cells/uL  Little risk; screen yearly 
 CD4+ 50 to 100 cells/uL  At risk; screening examination 

every 6 months 
 CD4+ <50 cells/uL  High risk; 35% incidence of 

CMV retinitis; median time 
to diagnosis of CMV retinitis 
is 13 months; screen every 
3 months 
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Second, the host’s immunologic status must be 
corrected. This almost always entails the initia-
tion or adjustment of HAART therapy because 
the majority of the CMV patients are AIDS 
patients. The initiation of HAART and anti-CMV 
therapy simultaneously will prevent immune 
reactivation uveitis while HAART-induced 
immunologic recovery is taking place. If the 
patient is suffering from other systemic infec-
tious diseases, such as tuberculosis, HAART ini-
tiation or alteration is often delayed until treatment 
for the infection is started. This serves to reduce 
the risk of systemic in fl ammatory reactions 
against the other pathogen. 

 In general, current therapies use a high induc-
tion dose of the anti-CMV medication to halt 
active disease followed by the introduction of 
HAART. Following response to therapy, the 
patient’s anti-CMV therapy may be lowered to an 
effective maintenance dose. This maintenance 
dose may be continued inde fi nitely if the patient 
remains persistently immunocompromised. 
However, if the patient exhibits a stable immune 
recovery, discontinuation of maintenance anti-
CMV medication is possible. 

 CMV retinitis itself, independent of CD4 
count, viral load, and presence of HAART ther-
apy, is associated with a higher mortality in AIDS 
patients. There is a clear mortality bene fi t with the 
initiation of anti-CMV therapy  [  40  ] . There are 
 fi ve medications that are approved for CMV infec-
tion: ganciclovir (intravenous, intravitreal, 
intraocular implant), foscarnet (intravenous, intra-
vitreal), cidofovir (intravenous, intravitreal), 
fomivirsen (intravitreal), and valganciclovir (oral). 
Routes of delivery and adverse effect pro fi les 
vary. Ganciclovir is a prodrug which is triphos-
phorylated intracellularly to allow inhibition of 
viral DNA polymerase. Ganciclovir is virostatic 
so eradication of the infection relies on a func-
tional immune system. Several studies have shown 
that a 14-day course of intravenous ganciclovir 
(5 mg/kg twice daily) can halt CMV retinitis with 
90% of the patients reverting to a less active lesion 
 [  41  ] . Neutropenia is an important adverse side 
effect of treatment with ganciclovir. Until the 
development of granulocyte colony-stimulating 

factor as an adjuvant therapy, it was a dose-limiting 
toxicity. Neutropenia typically occurs during the 
second week of therapy, and dosing should be 
adjusted to maintain neutrophil counts of at least 
500 cells/uL. 

 Valganciclovir is the L-valyl ester prodrug of 
ganciclovir. After oral administration, it is rap-
idly converted to ganciclovir by intestinal and 
hepatic esterases. Valganciclovir is the most com-
mon choice for initial therapy secondary to its 
convenience, lower cost, and absence of compli-
cations associated with intravenous administra-
tion. Current standard of care consists of an 
induction phase with valganciclovir (900 mg PO 
bid for 2–3 week) or ganciclovir (5 mg/kg IV bid 
for 2–3 week) followed by maintenance with val-
ganciclovir (900 mg PO qd) until the CD4+ count 
is above 100 cells/uL. 

 Foscarnet also inhibits viral DNA polymerase, 
but in a different manner than ganciclovir. It is 
effective against herpesviruses, and it also inhib-
its reverse transcriptase and therefore is inhibi-
tory on the replication of HIV. It is administered 
intravenously (2 × 90mg/kg daily or 3 × 60mg/kg 
daily). Although it is not as toxic to bone marrow 
as ganciclovir, it is nephrotoxic and leads to 
abnormalities in serum calcium, phosphate, and 
magnesium levels. It cannot be used with other 
nephrotoxic drugs, such as amphotericin B. The 
systemic and ocular complications of AIDS trial 
(SOCA) have demonstrated that foscarnet and 
ganciclovir are equally effective in preventing 
CMV retinitis  [  42  ] . 

 Cidofovir is effective in the treatment of CMV 
retinitis, but it has an increased adverse effect 
pro fi le and is not orally bioavailable. Cidofovir is 
additionally associated with immune reactivation 
uveitis. 

 Intravitreal ganciclovir, foscarnet, and cidofo-
vir are additionally available. However, while 
these modes of treatment are extremely effective 
for local retinitis, they do not cover extraocular 
systemic CMV, which may additionally be debil-
itating. In one of nine patients in a recent study, 
diffuse, punctate hyperauto fl uorescence after 
intravitreal ganciclovir and foscarnet was associ-
ated with medication-related toxicity  [  29  ] .  
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   Surgical 
 Intravitreal ganciclovir implant is used in patients 
who have reactivation of retinitis despite systemic 
treatment, or in those that cannot tolerate other 
treatments. The intravitreal ganciclovir implant 
(Vitrasert®) is an effective surgical modality for 
CMV treatment (Fig.  8.5a, b ). It provides a 1  m g/h 
sustained release of ganciclovir over the course 
of 8 months  [  43,   44  ] . The implant is extremely 
important in patients who cannot tolerate sys-
temic therapy, but does not address prophylaxis 
of the companion eye or systemic CMV viral 
load. Individuals with CMV retinitis commonly 
require surgical intervention for repair of a retinal 
detachment, and in this setting, concomitant vit-
rectomy and scleral buckle can be combined with 
ganciclovir implant. Retinal detachment occurs 
in 5–29% of eyes in various case series (Fig.  8.6 ) 
 [  32  ] . The total reattachment rate is 76%; macular 
attachment occurs in 90%. Mean postoperative 
visual acuity is 6/18. The risk of detachment is 
substantially less among patients receiving 
HAART. This is attributed to better control of 
infection, resulting in smaller, inactive lesions 
and therefore better healing.     

   CMV Retinitis and Therapy 
in the HAART Era 

 Highly active    antiretroviral therapy (HAART) 
refers to the strategic combination of different 

classes of antiretroviral drugs which effectively 
suppress HIV replication. Treatment is marked 
by nearly complete clearing of HIV from the 
blood (decreasing viral load) and subsequent 
repletion of circulating CD4+ T lymphocytes. 
Immune recovery may require several months of 
therapy, during which time patients remain at risk 
for opportunistic infections. There are now approx-
imately 30 FDA-approved antiretroviral drugs and 
 fi xed-drug combinations, summarized by the 
International AIDS Society-USA  [  45–  47  ] . Before 
HAART became standard of care in HIV patients, 
CMV patients were required to take long-term 
maintenance doses of anti-CMV treatment and 
still unfortunately progressed relentlessly toward 

  Fig. 8.5    Pars plana ganciclovir implant, Vitrasert ( a ) provides sustained delivery of intravitreal ganciclovir. ( b ) Laser 
was placed intraoperatively posterior to the broad temporal area of retinitis       

  Fig. 8.6    Inferior, macula on, retinal detachment in a 
patient with CMV retinitis       
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blindness. For example, when patients were being 
treated with ganciclovir, median time to progres-
sion was 2 months. When patients were treated 
with intravenous foscarnet, median progression 
time was 4 months. The most effective treatment 
was intravitreal ganciclovir implant, increasing the 
time to progression to 7 months. Immune recovery 
has allowed for CMV patients to be taken off of 
maintenance therapy  [  45–  47  ] . Reactivation can 
occur, especially if patients CD4+ counts fall back 
below 50 cells/uL  [  47  ] . It appears that the CD4+ 
count is the best predictor of an effective immune 
response against CMV. Other laboratory values 
including HIV viral load and CMV culture data 
have not been correlated with a particular outcome. 
One area of active research is the correlation 
between CMV viral load and CMV-speci fi c CDR 
T-cell response with the ability to promote an 
effective host immune response. 

 The widespread use of HAART has been 
attributed to an over 50% decrease in the number 
of new cases of CMV retinitis. A large retrospec-
tive review of over 1,200 HIV patients who had at 
least one CD4+ count below 100 cells/uL revealed 
a decrease in the incidence of three major oppor-
tunistic infections including CMV from 22 per 
100 person-years to 3.7 per 100 person-years 
when HAART was instituted  [  41,   48  ] . Another 
study found the incidence of new CMV retinitis 
in the HAART era to be 5.6/100 person-years 
 [  45–  47  ] . 

 CMV retinitis remains a major problem, how-
ever. Many HIV-infected individuals had CMV 
retinitis prior to the introduction of HAART and 
have suffered permanently impaired vision, 
speci fi cally secondary to retinal detachments and 
scarring following clearance of the infection. 
There additionally continue to be new cases 
occurring in HAART-failure patients who have 
low CD4+ T-lymphocyte count, and there are 
patients who despite successful HAART therapy 
still contract CMV retinitis  [  49  ] . Finally, CMV 
retinitis is expected to rise as HIV resistance to 
antiretroviral drugs increases and as HIV-infected 
individuals remain poorly informed about the 
HIV or have limited access to healthcare infor-
mation. In addition, there are non-CMV-related 
ocular complications for HIV patients which 
persist. For example, retinal hemorrheologic 

abnormalities are found despite use of HAART. 
The pattern is changed from what is found in 
severely immunode fi cient individuals, however. 
Cotton-wool spots, a feature often seen in severely 
immunode fi cient individuals, become rare after 
immune recovery. For this reason, factors other 
than blood  fl ow are thought to contribute to the 
 fi ndings in these patients. The remodeling of the 
microvasculature is thought to be a possibility 
 [  50,   51  ] . 

 HAART has allowed the management of CMV 
retinitis to shift from previous short-term treatment 
to the long-term management of what has become, 
for many individuals, a chronic disease. There has 
been a paradigm shift of treatment objectives from 
slowing of disease progression to long-term 
suppression of disease activity altogether. The 
guidelines for management of CMV after the 
introduction of HAART have been summarized 
by the International AIDS Society-USA  [  52  ] .  

   Discontinuation of Anti-
cytomegalovirus Treatment 

 Immune recovery allows eventual discontinuation 
of speci fi c anti-CMV therapy without reactiva-
tion of infection. A decision to discontinue anti-
CMV drugs usually is based on several factors: 
a sustained rise in CD4+ T-lymphocyte count, a 
drop in HIV viral load, duration of HAART that is 
suf fi cient to effect immune recovery, and inactivity 
of CMV retinitis lesions. The Center for Disease 
Control (CDC) has stated that patients receiving 
HAART should have CD4+ T-lymphocyte counts 
of more than 100–150 cells/ m L for at least 
3–6 months prior to discontinuation of anti-CMV 
therapy  [  53  ] . However, Macdonald and colleagues 
observed that most patients for whom discontinu-
ation of anti-CMV drugs was successful had val-
ues that far exceeded those guidelines  [  54  ] . 

 Some clinicians require the additional evidence 
that the HIV viral load has dropped to fewer than 
200 copies/uL  [  55  ] . However, Macdonald and 
colleagues further noted that the value of HIV 
viral load as a criterion for discontinuation of anti-
CMV drugs was unclear  [  54  ] . Others have subse-
quently reported patients who have sustained 
CMV inactivity without maintenance treatment 
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despite HIV viral loads of greater than 30,000 
copies/mL  [  55  ] . Regardless, HIV viral load may 
be a useful marker for eventual reactivation.  

   Patient Follow-up 

 Following effective discontinuation of anti-CMV 
therapy, CMV retinitis may reactivate. Studies 
have estimated that the risk of recurrence is 
approximately 0.02 events/person-years  [  55,   56  ] . 
For this reason, continuous monitoring of affected 
patients is essential. Additionally, with each 
relapse, the time to the next reactivation decreases. 
Putative laboratory measures are CD4+ T-cell 
count, HIV viral load, and CMV serum antigen 
or DNA  [  49,   57,   58  ] . 

 As a nonspeci fi c measure of immune function, 
CD4+ T-lymphocyte count is the most commonly 
followed parameter. While impaired CMV immu-
nity is usually re fl ected in low CD4+ T-lymphocyte 
counts, some cases do not follow this rule, with 
development of CMV retinitis despite an ade-
quate CD4 count. A number of studies have dem-
onstrated a selective impairment of immune 
reactions against CMV present in patients with 
AIDS and CMV retinitis. Although tests of CMV 
immunity may provide an increased understand-
ing of CMV retinitis in this setting, they are not 
yet commercially available and their ability to 
predict development or reactivation of CMV 
retinitis has not yet been demonstrated. For 
example, Sinclair and associates have shown that 
cytokine response of CD4+ T lymphocytes and 
CD8+ T lymphocytes to CMV antigen, as well as 
characteristics of CD8+ T-lymphocyte pro fi les, 
differs between patients receiving HAART who 
have prolonged inactivity of CMV retinitis and 
those with active infections  [  59  ] . 

 Serial ophthalmic examinations and patient 
education regarding symptoms of CMV retinitis 
are additional components of effective screening 
programs. Because patients who are “at risk” 
may develop CMV and suffer substantial visual 
impairment within a 6-month time frame, it is 
critical to educate at-risk individuals about the 
symptoms of CMV retinitis and necessity of 
timely follow-up. With an increasing percentage 

of asymptomatic patients in the HAART era, the 
need for rigorous screening programs is growing, 
as even small peripheral lesions can progress 
quickly without treatment and result in visual 
disturbance. Because CMV retinitis occurs in 
immunocompromised individuals, treatment of 
underlying disease is the most important preven-
tion of retinitis. Untreated retinitis will progress 
to blindness from retinal necrosis, optic nerve 
involvement, or retinal detachment. It is also 
important to note that retinitis can relapse despite 
ongoing treatment. Reinduction, a change in 
medication, combination drug therapy, or an ocu-
lar implant are alternatives for management.   

   Acquired Immunode fi ciency 
Syndrome (AIDS) 

 The  fi rst era in the study of ocular HIV was a 
short period of rapid discovery, in which the 
spectrum of ophthalmic disorders associated with 
AIDS was identi fi ed. Most of these disorders had 
been identi fi ed prior to the epidemic; however, 
they were quite rare before the rise of HIV and 
AIDS. Examples of this phenomenon include the 
increased prevalence of Kaposi sarcoma, pro-
gressive outer retinal necrosis (PORN), and chor-
oidal pneumocystosis. Kaposi sarcoma, for 
example, is associated with infection of human 
herpes virus 8 and has become the most common 
AIDS-associated eyelid and conjunctival tumor 
 [  60  ] . PORN is a unique variant of herpetic retini-
tis only seen in immunocompromised patients 
(Fig.  8.7a, b )  [  61  ] .   

   HIV 

 HIV-1 is a lentivirus. As a retrovirus, it has only 
RNA in its genome and relies on reverse tran-
scriptase for its replication. HIV-1 was initially 
discovered and termed LAV (lymphotropic ade-
novirus). Relative to HIV-2, which has been 
identi fi ed primarily in western Africa, HIV-1 is 
more virulent, is more infective, and is the 
cause of the majority of HIV infections glob-
ally. The lower infectivity of HIV-2 compared to 
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HIV-1 implies that fewer of those exposed to 
HIV-2 will be infected per exposure. HIV has 
predilection for infecting CD4+ T lymphocytes, 
a cell type that is crucial for proper immune 
response. As HIV infection propagates, the 
CD4+ T cells lyse and the host experiences a 
severe immunosuppression. 

   Epidemiology 

 As of 2007, the prevalence of HIV has been doc-
umented at over one million people in the United 
States and 33 million people worldwide  [  62  ] . In 
2005 alone, there were more than 40,000 new 
cases of AIDS in the United States reported to the 
CDC. The demographics of the AIDS epidemic 
have changed in the United States over the past 
25 years. HIV is predominantly spread through 
sexual transmission. Homosexual activity was 
responsible for most transmission until the mid-
1990s, but now, heterosexual activity accounts 
for the major route of transmission in developed 
countries. Intravenous drug abuse is another com-
mon route of disease transmission. Women now 
account for one quarter of HIV infections. 
Transmission from mother to child may occur 
prenatally, during parturition, or postnatally dur-
ing breast feeding. Professional healthcare work-
ers are also at risk for hematogenous transmission 
via needlestick injury. Seroconversion for this 
incident is about 0.3%, which is nearly 100 times 
less than that for hepatitis C or hepatitis B  [  63  ] .  

   Diagnosis 

 HIV infection can be detected by the presence of 
antibody to viral antigens by ELISA, 2–8 weeks 
following inoculation, and diagnosis is con fi rmed 
by Western blot for gag, pol, and env proteins. 
Immunoassays for HIV detection perform better 
than other serological assays, and most short 
comings are related to user error  [  64  ] . ELISA 
tests are 100% sensitive, although there are rare 
false-positive results. The HIV virus has been 
identi fi ed in the cornea, vitreous, and retina.  

   HIV Disease 

 There is an acute retroviral syndrome which 
occurs 1–6 weeks following inoculation. This 
consists of fever, rash, myalgias, headache, and/
or gastrointestinal symptoms. The CD4+ count is 
reduced and, unless treatment is initiated, the 
count continues to reduce by approximately 
75 cells/uL/year  [  63  ] . Individuals with HIV loads 
greater than 30,000 copies/mL have an 80% like-
lihood of developing AIDS within 6 years, 
whereas individuals with 500 copies/mL have a 
5% likelihood. Typically, AIDS develops 10 years 
following initial HIV exposure and infection and 
generally occurs when the CD4+ count falls 
below 200 cells/uL. It is at this point that 
 opportunistic infections may occur, most notably 
Pneumocystis carinii, Cryptococcus neoformans, 
and Cytomegalovirus. Susceptibility to the 

  Fig. 8.7    Progressive outer retinal necrosis occurs in a severely immunosuppressed patient is notable for sparing of the 
inner retinal circulation and lack of associated vitritis ( a ). Typical perivascular clearing in PORN ( b )       
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 various opportunistic infections occurs at differ-
ent CD4+ count thresholds, with  P. carinii  occur-
rence below 200 cells/uL and CMV occurrence 
below 50 cells/uL.  

   HIV Therapy 

 The rate of the decline in CD4+ count and rise of 
HIV viral load are two important factors in deter-
mining treatment plans. There are differing opin-
ions on the process, but one general rule focuses 
on treatment initiation for all patients in whom 
CD4+ count falls below 350 cells/uL. When ther-
apy is started, a HAART regimen is used, con-
sisting of one protease inhibitor and two 
nucleoside inhibitors. Lack of compliance on the 
part of the patient can lead to failure of therapy 
secondary to rapid development of resistance.  

   Ocular Manifestations of HIV 

 While HIV may be isolated from every layer of 
the eye, clinically relevant ocular manifestations 
are limited to the posterior segment. HIV-
associated microvasculopathy, for example, 
causes retinal nerve  fi ber layer infarcts observed 
as cotton-wool spots (Fig.  8.8 ). The incidence of 
these super fi cial white  fl uffy infarcts increases 
with the degree of immunosuppression, second-
ary to an underlying microvasculopathy likely 
associated with increasing immune complex for-
mation  [  65  ] .    

   Progressive Outer Retinal Necrosis 

 Initially described in immunocompromised 
patients, progressive outer retinal necrosis 
(PORN) is a rapidly progressive syndrome. 
Although both are caused by herpesviruses, 
PORN may be differentiated from ARN based on 
its distinctive clinical appearance with the absence 
of vitreous in fl ammation. Secondary to its high 
incidence of retinal detachment as well as af fi nity 
for bilateral involvement, PORN carries a very 
poor prognosis. 

   Diagnosis 

 PORN syndrome was originally described in two 
HIV patients and is thought to be a variant of 
ARN in a immunocompromised host  [  66  ] . 
Margolis described a similar syndrome in VZV 
patients with AIDS and also noted a rapidly pro-
gressing relentless necrotizing retinitis  [  67  ] . 
While PORN commonly occurs in association 
with cutaneous zoster infection or zoster ophthal-
micus, it may occur in the absence of these dis-
ease entities as well. Macular lesions were noted 
in 21 of the 65 eyes in another study, with multi-
focal deep retinal lesions typically found in the 
periphery  [  68  ] . Most patients were unilaterally 
affected by these macular lesions, but 25% dem-
onstrated peripheral disruption in the other eye. 
In addition, asymptomatic disease was noted in 
11% of the 65 eyes. The lesions rapidly progress 
to con fl uence, and although the syndrome is 
described as involving the outer retina, pathologic 
examination suggests that the disease can lead to 
signi fi cant destruction of the inner retina  [  66  ] . 

 The differential diagnosis for PORN is similar 
to that of ARN, but it is important to differentiate 
between the two infections. Unlike typical ARN, 
there is little or no vasculitis, less vitritis, and 
early posterior pole involvement and bilateral dis-
ease is more common. Furthermore, the retinal 
lesions in PORN involve in the deep retinal tissue, 
whereas full-thickness involvement predominates 

  Fig. 8.8    Cotton-wool spots in HIV retinopathy       
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in ARN. The lesions are nearly uncontrollable in 
PORN and often progress to con fl uence.  

   Etiology 

 Varicella-zoster virus and herpes simplex virus 
have been implicated in the cause of PORN. Most 
patients with PORN have impaired immune sta-
tus  [  69  ] . In one study, the median CD4+ T-cell 
count was 21 cells/uL  [  66  ] .  

   Therapy 

 PORN is associated with an extremely poor prog-
nosis despite vigorous treatment protocols. As in 
ARN, combinations of intravitreal and intrave-
nous ganciclovir and foscarnet may be used. 
Unlike ARN, though, these medications appear 
to be more effective than intravenous acyclovir.   

   Retinitis/Choroiditis Following Other 
Systemic Illnesses 

   Measles: Subacute Sclerosing 
Panencephalitis 

 Subacute sclerosing panencephalitis (SSPE) is a 
subacute encephalopathy affecting unvaccinated 
children and young adolescents arising approxi-
mately 6–8 years following primary infection. It 
infrequently affects adults and pregnant women. 
SSPE is caused by an aberrant measles virus, 
known as the SSPE virus, which differs from 
wild-type measles viruses by several mutations in 
the matrix gene. The characteristic clinical mani-
festations of SSPE include visual impairment, 
behavioral changes, cognitive decline, myoclonic 
jerks progressing to spastic paresis, seizures, 
bilateral pyramidal signs, dementia, coma, and 
death  [  70  ] . 

 Visual impairment occurs in up to 50% of 
patients secondary to maculopathy with focal retini-
tis and RPE changes, involvement of the optic nerve 
with papilledema or disc pallor, or visual cortex 
damage leading to cortical blindness  [  71  ] . Additional 

ocular manifestations include nystagmus, gaze 
 palsies, and ptosis. These symptoms may precede 
the neurologic manifestations by a several weeks up 
to 2 years  [  72–  74  ] . It has been suggested that mea-
sles virus–acquired virulent neurotropism develops 
in the retina before involvement of the central ner-
vous system  [  75  ] . Ultrastructural examination of 
the retina in an affected patient demonstrated numer-
ous  fi lamentous microtubular intranuclear viral 
inclusions consistent with the measles virus in the 
retinal nuclear layers  [  76  ] . While diagnosis is made 
based on this unique constellation of clinical mani-
festations, it is important to consider the diagnosis 
of SSPE in cases with acute vision loss resulting 
from cortical blindness even when other classical 
 fi ndings of SSPE are absent  [  77  ] . Further diagnostic 
clues can be given by periodic electroencephalo-
graphic discharges, identi fi cation of raised anti-
measles IgG antibody in the serum or cerebrospinal 
 fl uid, or by the observation of panencephalitis with 
histopathology as described above on brain biopsy. 

 At present, there is no effective treatment for 
SSPE. Oral isoprinosine and intrathecal or intra-
ventricular alpha-interferon may prolong survival 
to some extent. Immunization against measles is 
currently the most effective strategy against 
SSPE.  

   Rubella 

 Rubella infection is caused by a highly conta-
gious virus of the Togaviridae family. It is a sin-
gle-stranded RNA virus that is surrounded by a 
lipid envelope. German measles, or acquired 
infection, is associated with mild systemic symp-
toms in adults and children. The most frequent 
ocular  fi nding is conjunctivitis, although keratitis 
and retinitis may infrequently occur  [  78  ] . The 
retinitis resolves spontaneously with return to 
normal vision. 

 Unlike acquired infection, congenital rubella 
is a devastating syndrome. It occurs when virus 
crosses the placenta during maternal viremia 
approximately 10–12 days following primary 
infection  [  79  ] . The frequency and severity of 
congenital infection is related to gestational age 
at the onset of maternal infection. The risk is 
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greatest, reported at 81–100%, when maternal 
infection occurs during the  fi rst trimester or in the 
 fi nal month of pregnancy  [  80  ] . 

 As a result of immunization programs insti-
tuted in the United States in 1969, congenital 
rubella is rare. Five to twenty- fi ve percent of 
women of child-bearing age in the United States 
lack rubella-speci fi c antibodies and are suscepti-
ble to infection  [  80  ] . Congenital rubella syn-
drome presents with a chronic infection beginning 
in the neonatal period and continuing through 
infancy. The most common systemic manifesta-
tion of congenital rubella syndrome is hearing 
loss  [  81  ] . Cardiac malformations have been 
reported in 67–69% of infected patients  [  82  ] . 
Systemic manifestations include thrombocytope-
nia, hepatosplenomegaly, low birth weight, fail-
ure to thrive, psychomotor and mental retardation, 
and microcephaly  [  83  ] . 

 Ocular manifestations occur in 30–78% of 
infants and children, most commonly choriore-
tinitis (25–50%), followed by cataract (15%) and 
glaucoma (10%)  [  79,   82  ] . Chorioretinitis leads to 
a classic rubella retinopathy consisting of salt-
and-pepper pigmentary changes with a mottled, 
blotchy, irregular pigmentation, usually deep to 
normal retinal vasculature. The foveal re fl ex is 
usually absent, and the optic nerve may be pale. 
The condition may occur focally in only one 
quadrant or unilaterally and may be stationary or 
progressive after birth  [  84  ] . Despite these abnor-
malities, vision is usually normal or minimally 
affected by rubella retinopathy. However, rubella 
proliferation at the level of the RPE leads to RPE 
atrophy and rarely subsequent choroidal neovas-
cular membrane formation, resulting in a 
signi fi cant decline in visual acuity  [  85  ] . 

 Because maternal infection is often subclini-
cal, the diagnosis of congenital rubella is sus-
pected based on the observation of associated 
congenital anomalies. Diagnosis is con fi rmed by 
a fourfold increase in rubella-speci fi c IgG in 
paired sera 2 weeks apart or the new appearance 
of rubella-speci fi c IgM in the neonate  [  86  ] . 

 The most effective treatment is prevention of 
maternal rubella infection with immunization 
programs. There is no speci fi c antiviral therapy 

of either acquired or congenital rubella infection, 
and treatment is supportive. While rubella 
 retinopathy does not require treatment, the rare 
complication of choroidal neovascularization 
may require photocoagulation, photodynamic 
therapy, or anti-angiogenic treatment. Rubella 
retinitis with acquired infection or postvaccina-
tion optic neuritis may respond to systemic 
steroids.  

   West Nile Virus 

 West Nile virus (WNV) was  fi rst isolated in 1937 
in the West Nile district of Uganda. Later, in 
1957, it was recognized as a cause of meningoen-
cephalitis during an outbreak in an Israeli nursing 
home. Since then, several outbreaks have been 
reported worldwide, including a Canadian epi-
demic which extended to  fi ve provinces  [  87–  91  ] . 
The  fi rst reported human WNV infection in the 
United States was in 1999 during an outbreak of 
meningoencephalitis in New York City  [  92  ] . It has 
subsequently spread throughout the country. 

 WNV is transmitted to humans through the 
bite of an infected Culex mosquito. The mosquito 
acquires the virus through feeding on infected 
birds, which typically are the natural host of the 
virus and have a high-level viremia. Crows and 
blue jays of the family Corvidae are particularly 
susceptible to infections with WNV. Corresponding 
to the mosquito season, the majority of human 
infections occur in August and September  [  93  ] . 

 There are three clinical categories of systemic 
WNV infection: (1) asymptomatic, (2) West Nile 
fever, and (3) West Nile meningoencephalitis. 
Most individuals remain asymptomatic with only 
20% of patients developing symptoms and only 1 
in 150 infected patients developing meningoen-
cephalitis  [  94  ] . Clinical features of WNV fever 
include sudden onset of high-grade fever, head-
ache, myalgias, gastrointestinal symptoms, phar-
yngitis, arthralgias, fatigue, and maculopapular 
rash on the chest, back, and lower extremities. 
Following an incubation period ranging between 
2 and 14 days, the acute illness is self-limiting, 
typically lasting less than a week  [  95  ] . Presenting 
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ocular complaints include ocular pain, photopho-
bia, conjunctival injection, and blurred vision. 
Garg and Jampol have identi fi ed  fi ve categories 
of intraocular manifestations of WNV infection 
 [  94  ] : (1) multifocal chorioretinitis with lesions 
either widely scattered or in linear arrays, (2) 
uveitis without focal lesions, (3) occlusive retinal 
vasculitis, (4) congenital chorioretinal scarring 
secondary to intrauterine transmission, and (5) 
optic neuritis. 

 WNV chorioretinitis most commonly presents 
with associated uveitis, and although most of the 
patients have uveitis in association with choriore-
tinitis, Kuchtey et al. described a patient with 
vitritis and iritis in the absence of chorioretinitis 
 [  96  ] . Acuity on presentation ranges from 20/25 to 
counting  fi ngers vision and most cases demon-
strate bilateral involvement. The chorioretinal 
lesions during the active phase are deep,  fl at, and 
whitish yellow in color, ranging from 200 to 
1,000  m m in diameter. The lesions soon become 
pigmented, sometimes as early as 2 weeks after 
initial presentation. Fluorescein angiography 
demonstrates hyper fl uorescent lesions which dis-
play late leakage when active and late staining 
when inactive or quiescent. Usually, in fl ammation 
resolves and vision returns to near baseline within 
several months. However, there have been rare 
reports of development of choroidal neovascular 
membrane underlying a WNV chorioretinal scar 
 [  97–  100  ] . 

 Three cases of bilateral optic neuritis have 
been reported in association with WNV menin-
goencephalitis  [  70  ] . However, although all three 
patients had lumbar punctures performed, open-
ing pressures were not reported. Thus, increased 
intracranial pressure may have been responsible 
for the observed bilateral optic nerve swelling 
associated with papilledema  [  101–  103  ] . 

 There is currently no proven treatment for 
WNV infection. It usually follows a self-limiting 
disease course. However, concurrent diabetes 
mellitus has been linked to WNV-associated 
death. When needed, therapy is supportive, with 
hospitalization, intravenous  fl uids, respiratory 
support, and prevention of secondary infections. 
The mainstay of WNV infection control is 

 prevention. Public health measures to reduce the 
number of mosquitoes include draining water from 
breeding sites and use of mosquito larvicides or 
methoprene, a mosquito-maturation inhibitor. 
Antiviral agents such as ribavirin and interferon-2B, 
although effective in vitro, were found clinically 
ineffective  [  104  ] . Vaccination, a long-term solu-
tion, is still in the research phase  [  105  ] .  

   Other Systemic Illnesses 

 There are several additional viral infections 
suspected to cause choroiditis. For example, the 
in fl uenza virus has been implicated in the etiology 
of acute posterior multifocal placoid pigment epi-
theliopathy (APMPPE). This disorder is usually 
diagnosed in young patients following a pro-
dromal viral illness. Azar and colleagues demon-
strated adenoviral infection in one patient  [  106  ] . 
The average age of onset is 20–50 years and pres-
ents with rapid visual loss in one or both eyes. The 
characteristic  fi ndings include the presence of 
creamy, yellow-white lesions at the level of the 
RPE with sparing of the retina. The lesions are 
circumscribed and discreet, frequently coalescing 
to large con fl uent areas that typically fade within 
weeks to become hypo-/hyperpigmented. Gass 
initially described this entity in 1968  [  107  ] . Visual 
acuity is better than 20/30 in >90% of affected 
eyes. The diagnosis is con fi rmed by the character-
istic angiographic  fi nding of early blockage and 
late staining which strongly suggests that the 
choriocapillaris is the primary site of infection.   

   Controversies and Perspectives 

   What Is the Best Method of Providing 
Rapid and Speci fi c Treatment 
for Infectious Retinitis? 

 PCR studies should be obtained from vitreous aspi-
rates when a patient presents with a rapidly pro-
gressive necrotizing retinitis, but treatment should 
not await laboratory con fi rmation. Traditional treat-
ment for ARN consists of induction therapy with 
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intravenous acyclovir for 7–10 days followed by 
oral antiviral medications for approximately 
3 months. Newer intravitreal and oral antiviral regi-
mens have emerged over the past decade, but a recent 
analysis of current treatment practices at four tertiary 
eye care centers identi fi ed no single treatment strat-
egy as the standard of care for ARN. Fortunately, the 
variation in initial antiviral strategy did not affect  fi nal 
outcome, suggesting that the physician may use his 
or her own judgment on the basis of available 
resources. 

 The same study also revealed variation in 
long-term oral antiviral treatment strategies. 
Treatment duration varied greatly, ranging from 
1.5 to 75.7 months, and usually consisted of vala-
cyclovir. Unfortunately, the ideal duration and 
relative ef fi cacy of these long-term oral antiviral 
regimens remain unclear, and the visual outcome 
was generally poor  [  43  ] .  

   When Should Patients’ CMV Antiviral 
Treatment Be Discontinued After Onset 
of Immune Recovery Uveitis? 

 Immune recovery allows eventual discontinua-
tion of speci fi c anti-CMV therapy without reacti-
vation of infection. A decision to discontinue 
anti-CMV drugs usually is based on several fac-
tors: a sustained rise in CD4+ T-lymphocyte 
count, a drop in HIV viral load, duration of 
HAART that is suf fi cient to effect immune recov-
ery, and inactivity of CMV retinitis lesions. The 
Centers for Disease Control (CDC) has stated 
that patients receiving HAART should have 
CD4+ T-lymphocyte counts of more than 100–
150 cells/ m L for at least 3–6 months prior to dis-
continuation of anti-CMV therapy  [  53  ] .  

   What Is the Best Surgical Approach 
for Repair of Secondary Retinal 
Detachment? 

 The basic principle of viral-associated retinal 
detachment repair is to elevate the posterior 
hyaloid and remove vitreous as completely as 
possible. It is often not prudent to be aggressive 

with the hyaloid in areas of necrosis as this 
induces more retinal tears. In these areas, a close 
shave of vitreous is effective. Laser is applied in 
con fl uent burns in the area of necrosis with over-
lap onto healthy retina. A scleral buckle may or 
not be necessary and is used to protect healthy 
retina from tearing. A buckle is often not helpful 
when retinal necrosis extends too posteriorly to 
be supported, and therefore, the buckle can help 
protect uninvolved retina. Patients can be left 
phakic or pseudophakic. Finally, the choice of 
vitreous tamponade can either be silicone oil or 
C3F8. The previous use of silicone only re fl ected 
the fact that most patients with CMV secondary 
to HIV perished within 6 months of CMV detach-
ment, but HAART has dramatically changed this 
 fi nding. C3F8 works equally as well as silicone, 
even in cases with multiple necrotic holes. 
Finally, a Vitrasert® is a nice adjunct to herpes-
related detachment and can be used with gas or 
silicone oil.  

   What Causes Reactivation of HSV 
in Retinal Tissue? 

 Although primary infection with HSV can involve 
ocular and adnexal sites and can manifest as 
blepharitis, conjunctivitis, or corneal epithelial 
keratitis, it is not known precisely why secondary 
ocular HSV retinal infection occurs after latency 
is established within the central nervous system. 
The latent infection occurs in the trigeminal gan-
glia and can remain latent during the lifetime of 
the host. One observation is that during latency, 
there is abundant transcription at the region 
encoding the latency-associated transcript, which 
may play signi fi cant roles in the maintenance of 
latency as well as neuronal reactivation. Many 
host and viral factors have been implicated in 
HSV reactivation from latency. Additionally, 
HSV DNA is shed into tears and saliva of most 
adults, but in most cases, this does not result in 
lesions. Finally, recurrent disease occurs as HSV 
is carried by anterograde transport to the original 
site of infection, or any other site innervated by 
the latently infected ganglia and can reinfect the 
ocular tissues  [  108  ] .   
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   Focal Points 

 Viral infections of the retina and choroid are rare 
but important causes of visual loss. The nearly 
uniform involvement of choroidal and retinal 
vessels demonstrates the likely hematogenous 
spread of systemic viral infection to the eye. The 
retina provides a good substrate for viral infec-
tion because of its relatively immunoprivileged 
status and its connection to the central nervous 
system where latent virus can become activated. 
The principles of management of viral-associated 
retinitis are:
    1.    Prompt diagnosis  
    2.    Immediate intraocular and then systemic 

(intravenous or oral) treatment  
    3.    Close surveillance at weekly intervals early to 

see treatment effect in at least 2 weeks fol-
lowed by monthly intervals late for progres-
sion to retinal detachment  

    4.    Systemic evaluation for presence of 
immunosuppression  

    5.    Close inspection of the companion eye          
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  Abstract 

 An increased number of fungal infections of the eye have been reported in 
the past few decades, in part because of increased clinical awareness and 
improved laboratory techniques. The increase re fl ects more signi fi cantly 
the widespread use of antibiotics, immunosuppression, chemotherapy, and 
ocular prosthetic devices. Despite their ubiquitous nature, only a limited 
number of fungal species produce infections of the eye, and an even 
smaller number cause fungal retinitis or endophthalmitis. The major 
causes of fungal retinitis are  Candida  species,  Aspergillus  species, 
 Blastomyces dermatitidis ,  Coccidioides immitis ,  Cryptococcus neofor-
mans ,  Histoplasma capsulatum , and  Sporothrix schenckii .  
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   Introduction 

 Fungi are wide in nature and constitute a promi-
nent and diverse group of microorganisms; how-
ever, a relatively small number of fungal species 
cause serious primary and opportunistic human 
diseases, and an even smaller number cause fun-
gal retinitis or endophthalmitis. Fungal infec-
tions can be endogenous or exogenous. 
Endogenous fungal infections of the choroid, 
retina, and vitreous cavity are a complication of 
disseminated fungal diseases, and the fungi may 
infect the eye through the bloodstream  [  1  ] . On 
reaching the eye, fungi usually lodge in the chor-
oid or retina, producing choroiditis, retinitis, or 
chorioretinitis. When this initial focus of infec-
tion extends into the vitreous to produce 
in fl ammation, which may involve the entire 
internal structure of the eye, endophthalmitis 
results. Ocular involvement occurs in 10–29% of 
patients with fungemia. Risk factors include sys-
temic antibiotics and corticosteroid therapy, bac-
terial sepsis, prolonged hyperalimentation, 
recent abdominal surgery, alcoholism, hemodi-
alysis, intravenous drug abuse, immunosuppres-
sion (burned patients; acquired immunode fi ciency 
syndrome [AIDS]; patients with lymphoma, leu-
kemia, or cancer; patients on chemotherapy), 
and diabetes. Exogenous fungal infections of the 
eye are a complication of penetrating ocular 
trauma and intraocular surgery; fungi may infect 
the eye by extension from periocular and orbital 
tissues  [  2  ] .  

 Fungi can be divided into yeasts and molds. 
They are eukaryotic organisms, differing from 
bacteria in ribosome structure, nuclear structure, 
cell wall composition, and size. They lack 
chlorophyll, are nonmotile (except for certain 
spore forms), and may grow as single cells (yeast) 
or as long, branched,  fi lamentous structures 
(mycelia). Virtually all fungi reproduce by form-
ing spores through mitosis. 

 The most common organisms that produce 
fungal infections are the  Candida  species, 
 followed by the  Aspergillus  species, and 
 Cryptococcus neoformans . Other much less 
 commonly encountered fungi include  Sporothrix 

schenckii ,  Histoplasma capsulatum ,  Blastomyces 
dermatitidis , and  Coccidioides immitis  (Fig.  9.1 ). 
Table  9.1  depicts characteristics of fungal 
infections.   

   Causative Organisms 

   Candidiasis 

  Candida  species can cause devastating visual 
loss. Ocular candidiasis frequently follows an 
indolent course, progressing from chorioretini-
tis to vitritis and endophthalmitis (Fig.  9.2 ). 
 Candida  species is the fourth most common 
cause (9%) of nosocomial infections and is 
even more prevalent (10%) in the intensive care 
unit  [  3  ] .  

 The incidence of nosocomial candidemia 
has increased approximately tenfold over the 
last 20 years  [  4  ] . In contrast, the incidence of 
ocular candidiasis has been decreasing among 
inpatients with candidemia. Historically, the 
rate of ocular candidiasis has been reported 
between 9% and 45%. More recent estimates, 
however, have shown an incidence of less than 
2%  [  5  ] . It has been suggested that this trend is 
related to earlier identi fi cation and treatment 
of candidemia. 

  Candida  species are part of the normal  fl ora of 
the respiratory, gastrointestinal, and female geni-
tal tracts. They constitute commensal yeasts of 
usually low virulence. However,  Candida  species 
may become pathogenic and can cause serious 
disease in immunocompromised patients. 

  Candida albicans  is the most frequently iso-
lated fungus from ocular infection  [  6  ] . Other less 
common  Candida  species, including  C. parapsi-
losis  (Fig.  9.3 ) and  C. glabrata , may also produce 
ocular infections  [  7  ] . One theory for the greater 
tendency of  C. albicans  to produce chorioretini-
tis compared with other  Candida  species is 
because of the differences in the patterns of phos-
pholipase and protease production  [  8  ] . Another 
theory of the different degrees of  Candida  patho-
genicity can be because  C. albicans  rapidly pro-
duces germ tubes in serum, whereas other 
 Candida  species do not. It is possible that the 
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  Fig. 9.1    Differential interference contrast microscopy. 
( a )  Candida albicans  (yeast cells and pseudohyphae; 
KOH preparation). ( b )  Coccidioides immitis  (spher-
ules; KOH preparation). ( c )  Cryptococcus neoformans  
(the round yeast cells surrounded by polysaccharide 
capsules; India ink). ( d )  Histoplasma capsulatum  

(rough-walled macroconidia; Sabouraud glucose agar). 
( e )  Aspergillus  (stages in development of fruiting bod-
ies). ( f )  Blastomyces dermatitidis  (broad-based 
budding and thickened cell walls, and globose shape). 
(Modi fi ed and reprinted with permission from http://
www.doctorfungus.org)       

germ tubes of  C. albicans  lodge in the choriocap-
illaris more easily and frequently than those of 
other species.  

   Risk Factors 
 Factors affecting the increase in fungal disease 
include  [  9  ] :

   Increase in the number of immunocompro-• 
mised individuals  
  Intravenous drug abuse  • 
  Use of broad-spectrum antibiotics  • 
  Immunosuppressive agents  • 
  Intravenous hyperalimentation  • 
  Indwelling intravenous pressure-monitoring • 
devices  

  Organ transplantation  • 
  Implantation of prosthetic cardiac valves  • 
  Recent major surgery, especially if involving • 
the gastrointestinal system  
  Low birth weight and normal neonates under-• 
going prolonged hospitalization  
  Induced abortion     • 

   Pathogenesis 
 Microscopically,  Candida  can be found in the 
inner choroid and later extend into the subretinal 
space and retina.  Candida  may produce an acute 
necrotizing process and a chronic granulomatous 
reaction by histiocytes and round cells. Rupture 
of the inner limiting membrane may occur with 
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vitreous invasion. Budding yeast forms (pseudo-
hyphae) may be found (Fig.  9.4 ). Abscesses in 
the retina, choroid, and vitreous and extensive 
tissue necrosis characterize late stages of infection 
(Fig.  9.5 )  [  10  ] .    

   Clinical Features 
 Common presenting symptoms include a sub-
acute history of blurred vision with low-grade 
pain, photophobia, and injection  [  11  ] . Early 
extramacular or peripheral fundus lesions 
(Fig.  9.6 ) produce little or no visual symptoms. 
With macular lesions or signi fi cant vitreous 
(Fig.  9.7 ) involvement, most patients become 
symptomatic, unless they are too ill to respond 
 [  7  ] . Progression of the disease leads to visual 
loss, pain, and redness of one or both eyes.   

 In candidemia, new visual symptoms—typi-
cally  fl oaters and blurred vision—are also corre-
lated with ocular involvement. Donahue and 
colleagues report normal fundi in 92% of patients 
with candidemia capable of denying symptoms. 
These data suggest that the lack of symptoms car-
ries a strong negative predictive value  [  12  ] . 

 Signs may include single or multifocal, yel-
low-white,  fl uffy retinal and choroidal lesions 
from one to several disk diameters in size. These 
lesions can be unilateral or bilateral, isolated or 
con fl uent, and may exist in a satellite pattern. 
Lesions may increase in size and spread into the 
vitreous, appearing as “cotton balls” (Fig.  9.8 ). 
Vitreous opacities are typically yellow-white and 
may be connected by strands, producing a “string 
of pearls” appearance. Vitritis may be so severe 
as to obscure the view of the fundus, which makes 
clinical diagnosis dif fi cult. Other signs include 
lens abscess (Fig.  9.9 ), vitreous abscesses 
(Fig.  9.10 ), intraretinal hemorrhages (Fig.  9.11 ), 
and white-centered hemorrhages (Roth’s spots) 
 [  1,   13  ] . Vitreoretinal membrane formation and 
contraction combined with focal retinal necrosis 
and scarring are the major causes of permanent 
visual loss  [  14  ] .      

   Diagnosis 
 The diagnosis of  Candida  retinitis should be 
considered in patients who present with vitritis 
accompanied by a chorioretinal focus in the 
clinical setting of a recent or current debilitat-
ing  illness or other risk factor for candida infec-
tion. Clinical suspicion plays an important role 
in identifying patients who may have  Candida  
endophthalmitis  [  15  ] . Isolation of  Candida  

      Table 9.1    Characteristics of fungal infections (postsurgical 
and endogenous) a    

 Organism  Risk factor  Ocular features 

  Candida sp.   IV drug use  Yellow-white 
chorioretinal 
lesions, vitreous 
 fl uff balls 

 Chronic IV therapy 
 Surgery 

  Aspergillus 
sp.  

 IV drug use  Yellow-white 
chorioretinal 
lesions, vitreous 
 fl uff balls 

 Immunosuppression 
 Surgery 

  Blastomyces 
dermatitidis  

 Systemic 
blastomycosis 

 Panuveitis 

  Cryptococcus 
neoformans  

 Immunocompromised  Yellow-white 
chorioretinal 
lesions, vitreous 
 fl uff balls 

 Lymphoma 

  Coccidioides 
immitis  

 Southwest United 
States 

 Punched-out 
choroidal 
lesions, yellow 
chorioretinal 
lesion 

   a Modi fi ed from Nussenblatt RB, Whitcup SM, Palestine 
AG. Uveitis; Fundamentals and Clinical Practice. 2nd ed. 
St Louis: Mosby Year Book; 1996  

  Fig. 9.2    Fundus photography of  Candida  endophthalmitis infec-
tion with multifocal chorioretinitis and vitreous involvement       
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  Fig. 9.3    ( a ) Photography of the anterior segment after 
uneventful cataract surgery showing persistent corneal 
in fi ltrate and in fl ammation; the culture was positive for 

 C. parapsilosis . ( b ) Higher magni fi cation of corneal 
in fi ltrate and retrokeratic precipitates       

  Fig. 9.4    Light microscopy. ( a ) Granuloma containing  Candida 
albicans . ( b ) Higher magni fi cation reveals  Candida  organisms. 
(Reprinted with permission from Arévalo JF, Fernández CF, 

Mendoza AJ. Chapter 41: Fungal infections. In: Retinal 
Imaging. Huang D, Kaiser PK, Lowder CY, Traboulsi EI, eds. 
Philadelphia: Mosby Elsevier; 2006; 366–774)       

species directly from the eye con fi rms the diag-
nosis of ocular candidiasis. However, the fun-
gus may not always be detected, even clinically, 
in certain cases or in cases where the fungus 
has grown from another site. Fungal cultures 
can be positive in 44–70% of patients diagnosed 
clinically. Vitrectomy samples are more sensi-
tive for fungal cultures than vitreous needle 
biopsies  [  16  ] . Anterior chamber aspirate is a 
poor diagnostic technique; however, anterior 
chamber taps may prove useful for detecting 
local production of anti- Candida  antibodies  [  17  ] .  

 The laboratory should be alerted when a vit-
rectomy specimen is expected so as to ensure that 
the specimen is handled appropriately and that 
culture media for fungi are used.  Candida  species 
can be cultured directly on blood agar, but room-
temperature Sabouraud agar without cyclohex-
amide is recommended when this organism is 

  Fig. 9.5    Gross anatomy shows multifocal candidal retina 
abscess with “cotton ball” vitreous opacities. (Reprinted 
and modi fi ed with permission from Arévalo JF, Fernández 
CF, Mendoza AJ. Chapter 41: Fungal infections. In: 
Retinal Imaging. Huang D, Kaiser PK, Lowder CY, 
Traboulsi EI, eds. Philadelphia: Mosby Elsevier; 2006; 
366–774)       
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  Fig. 9.7    ( a ) Fundus photography of  Candida  endophthal-
mitis with vitreous involvement. ( b )  Candida  retinal abscess 
in the macula. (Part B: Reprinted with permission from Davis 

JL. Infectious chorioretinal in fl ammatory conditions. In: 
Regillo C, Brown G, Flynn HW, eds. Vitreoretinal Disease: 
The Essentials. New York: Thieme;1998: 393–415)       

  Fig. 9.6     Candida  chorioretinitis lesion in the inferotem-
poral arcade. (Reprinted and modi fi ed with permission 
from Arévalo JF, Fernández CF, Mendoza AJ. Chapter 41: 
Fungal Infections. In: Retinal Imaging. Huang D, Kaiser 
PK, Lowder CY, Traboulsi EI, eds. Philadelphia: Mosby 
Elsevier; 2006; 366–774)       

clinically suspected. A pasty white colony 
appears in the culture media (Fig.  9.12 ). In addi-
tion, direct examination of fungi with Giemsa, 
Gomori methenamine silver (GMS), and periodic 
acid Schiff (PAS) stains should be obtained.  

 Culture has been used as the gold standard in 
the diagnosis of fungal endophthalmitis, but its 
true sensitivity is not known. Also, it is time con-
suming. The main reasons for the lack of sensitiv-
ity of conventional methods are the small number 

of organisms in the eye, the small sample size of 
the intraocular specimen collected, and a greater 
tendency for the organisms to be loculated, thus 
being absent in the collected material. Hence, the 
collection of a small amount of vitreous by a tap 
is likely to be subject to greater sampling error in 
fungal cases. All these factors may contribute to a 
signi fi cant number of culture-negative specimens 
from cases of fungal endophthalmitis. 

 A useful, recently introduced diagnostic tool 
for fungal endophthalmitis is the polymerase 
chain reaction (PCR). The main advantages of 
PCR over conventional fungal cultures are the 
higher sensitivity and the rapid results obtained 
with PCR. Although PCR does not replace con-
ventional mycologic methods, it helps to make an 
early differentiation between bacterial endophthal-
mitis and fungal endophthalmitis. PCR has been 
used successfully to identify  Candida  species 
from an intraocular sample. The major drawback 
of fungal culture is the prolonged period of time 
(3–4 days and up to 3 weeks) required for the 
growth of fungus, whereas the results of PCR are 
available in less than 24 h  [  18  ] . 

 Fluorescein angiography shows hyper fl uoresc-
ence in the late phases from choroidal neovascular-
ization that may develop in numerous in fl ammatory 
and infectious conditions of the posterior segment, 
including ocular candidiasis. Optical coherence 
tomography has been useful to demonstrate the 
development of a macular hole under a  Candida 
albicans  “cotton ball” (Fig.  9.13 ).   
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  Fig. 9.8    Several large and small  Candida  chorioretinitis 
lesions with vitreous invasion are noted temporal to the optic 
nerve head in the right eye. In addition, healed cytomegalo-
virus retinitis is seen inferonasal to the optic nerve head in 
this AIDS patient. (Reprinted with permission from Arévalo 
JF, Fernández CF, Mendoza AJ. Chapter 41: ®. In: Retinal 
Imaging. Huang D, Kaiser PK, Lowder CY, Traboulsi EI, 
eds. Philadelphia: Mosby Elsevier: 2006; 366–774)       

  Fig. 9.9    Photography of the anterior segment showing 
 Candida  endophthalmitis with intralenticular lens abscess       

  Fig. 9.10    Vitreous in fl ammation and snow ball in the vit-
reous in a patient with  Candida  endophthalmitis       

  Fig. 9.11    Vasculitis, intraretinal hemorrhages, and 
retinochoroiditis lesion in the macula in a patient with 
candidiasis diagnosed as toxoplasmosis and treated 
with corticosteroids       

  Fig. 9.12    ( a ) Plate culture of  Candida albicans . ( b ) SABHI agar plate culture of the fungus. (Figures courtesy of the 
CDC/Dr. William Kaplan)       
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   Treatment 
 Therapy of ocular fungal infections represents a 
challenge for the ophthalmologist. The  fi rst step 
is to suspect the proper diagnosis. Prompt recog-
nition and early treatment have enhanced ana-
tomic and visual results  [  19  ] . Treatment strategies 
include administration of antifungal agents (sys-
temic or intravitreal) and pars plana vitrectomy. 

 Amphotericin B is a polyene antibiotic with 
prominent antifungal activity. It works by directly 
bonding to ergosterol, a sterol unique to fungal cell 
membranes, thereby disrupting fungal cell mem-
brane integrity and ultimate cell death  [  20  ] . The 
intravenous dose of amphotericin B is 0.3–1 mg/
kg/day, administered in 500 ml of 5% dextrose 
over a period of 4–6 h. An initial test dose of 1 mg 
of the drug dissolved in 20 ml of 5% dextrose is 
given intravenously over a period of 30 min. For 
cases of chorioretinitis without vitreous involve-
ment, treatment is initiated using 0.3–0.7 mg/kg/
day of amphotericin B until a minimum cumulative 
dose of 200 mg is achieved; if no signi fi cant side 
effects occur such as severe hypotension or cardiac 
arrhythmia, therapy is continued. The total dose of 
amphotericin B is between 1,000 and 1,500 mg in 
the case of severe vitreitis or poor therapeutic 
response to initial treatment. Total daily dose in 

neonates should not exceed 0.5 mg/kg/day. Other 
side effects include anemia, hypotension, convul-
sions, anaphylaxis, phlebitis, fever, thrombocy-
topenia, headache, and cardiac arrhythmia  [  21  ] . 

 The intravitreal dose of amphotericin B is 
5–10  m (mu)g  [  22  ] . To avoid retinal toxicity, 
amphotericin B must be injected slowly into the 
central vitreous, as far from the retina as possible. 
The rate of clearance of amphotericin B from the 
vitreous cavity is more rapid in vitrectomized 
eyes (2 days) than in nonvitrectomized eyes 
(11 days). Intravitreous amphotericin B is an 
adjunct rather than an alternative to systemic 
antifungal therapy. 

 Flucytosine is recommended combined with 
amphotericin B. Such combination therapy is 
indicated in cases with threatened macular 
involvement, extensive in fl ammatory response, 
or rapidly progressive disease  [  23  ] . Unlike 
amphotericin B, the gastrointestinal absorption 
of  fl ucytosine is excellent and its vitreous pene-
tration is good following oral administration. The 
selective antifungal action of  fl ucytosine is 
because of its unique property of conversion to 
 fl uorouracil in fungal cells but not in host cells. 
The recommended daily dose of  fl ucytosine is 
50–150 mg/kg/day orally in four divided doses. 

  Fig. 9.13    ( a ) Fundus photograph of the left eye at the ini-
tial visit showing a focus with surrounding hemorrhage. 
( b ) Fundus photograph of the left eye on the second visit 
showing a large macular hole that had developed at a previ-
ous site of a focus. ( c ) Fundus photograph of the left eye at 
the second visit showing an operculum on the posterior vit-
reous surface. ( d ) An optical coherence tomographic (OCT) 

image through the center of the macular hole, showing swol-
len edges on both sides, with a vertical diameter of 920  m (mu)
m. ( e ) Postoperative OCT images through the center of the 
macula showing  fl attened edges. (Modi fi ed and reprinted 
with permission from Kusaka S, Hayashi N, Ohji M, Ikuno 
Y, Gomi F, Tano Y. Macular hole secondary to fungal 
endophthalmitis. Arch Ophthalmol. 2003; 121:732–733)       
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Side effects include nausea, vomiting, diarrhea, 
thrombocytopenia, anemia, leukopenia, hepato-
toxicity, and, rarely, bowel perforation. 

 Fluconazole, miconazole, ketoconazole, and 
itraconazole are azole derivates. Intraocular 
penetration is highest for  fl uconazole and low-
est for itraconazole  [  24  ] . Fluconazole has excel-
lent oral bioavailability and a relatively long 
half-life (mean, 25 h) in humans, permitting 
once-a-day administration. Its clinical toxicity 
(rigors, fever, vomiting, and renal failure) is less 
than that of amphotericin B. With its broad-
spectrum antifungal activity,  fl uconazole is 
effective in the treatment of experimental cryp-
tococcal meningitis, systemic and ocular 
 Candida  infection, and systemic aspergillosis. 
The dose of  fl uconazole for treatment of fungal 
chorioretinitis without endophthalmitis is 200–
400 mg/day in two divided doses. Several spe-
cies of  Candida  other than  C. albicans , such as 
 C. krusei  and  C. glabrata , as well as  Aspergillus  
and  Fusarium  species, are known to be resistant 
to  fl uconazole. In these cases, itraconazole may 
be used. Itraconazole has a low toxicity pro fi le 
and is active against  Candida ,  Aspergillus , 
 Coccidioides immitis ,  Cryptococcus neofor-
mans ,  Histoplasma capsulatum , and  Blastomyces 
dermatitidis   [  25  ] . Available data suggest that 
none of the azole derivatives are as effective as 
amphotericin B. Furthermore, antagonism 
occurs in the anti-  Candida  effect of amphoteri-
cin B and ketoconazole when these two drugs 
are used in combination. The use of ketocon-
azole in combination with amphotericin B is not 
recommended because exposure of  C. albicans  
to ketoconazole may make the organism resis-
tant to amphotericin B  [  26  ] . 

 The indications for vitrectomy in patients 
with fungal chorioretinitis and endophthalmitis 
are advanced cases with extensive vitreous 
involvement and poor response to systemic anti-
fungal therapy  [  27  ] . 

 Although vitrectomy poses some risks, it does 
have potential bene fi ts, such as:

   Debulking of in fl ammatory and infectious • 
material from the vitreous  
  Acquisition of a larger sample for laboratory • 
study  

  Potential for concentrating the sample by cen-• 
trifugation or  fi ltration to give a better yield on 
culture  
  An opportunity for intravitreal injection of • 
antifungal agents  
  Removal of the scaffolding for vitreoretinal • 
traction bands and epiretinal membranes that 
can contribute to late-developing macular 
pucker and retinal detachment      

    Aspergillus  Retinitis 

  Aspergillus  is second in frequency to  Candida  as 
a cause of fungal intraocular in fl ammation. 
 Aspergillus  species exists as a saprophytic fungus 
common in soil and decaying organic matter. 
Although more than 100 species have been 
identi fi ed, the majority of human illnesses are 
caused by  Aspergillus fumigatus  and  Aspergillus 
niger  and, less frequently, by  Aspergillus  fl avus  
and  Aspergillus clavatus . Even though exposure 
to  Aspergillus  is universal, infection in humans is 
uncommon.  Aspergillus  can normally be isolated 
from the skin and mucous membranes including 
the conjunctiva. The most common mode of 
transmission of fungal spores to the human host 
is via inhalation into the pulmonary alveoli and 
paranasal sinuses  [  28  ] . In the debilitated patient, 
however,  Aspergillus  invades and disseminates 
and may produce lesions in the lung, brain, kid-
ney, gastrointestinal tract, myocardium, liver, 
spleen, and occasionally the eyes. Reported ocu-
lar involvement includes subretinal, serous reti-
nal detachments; choroidal, subretinal, and 
vitreoretinal granulomas; and abscess formation. 
Primary anterior segment involvement is rare. 
Exogenous  Aspergillus  endophthalmitis can 
occur following penetrating ocular wounds or 
ocular surgery. 

   Risk Factors 
    Intravenous drug abuse is the most common • 
risk factor associated with endogenous 
 Aspergillus  endophthalmitis (EAE). The 
organisms enter the bloodstream directly 
from contaminated drugs, needles, or 
syringes  [  29  ] .  
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  Immunosuppression and debilitating diseases, • 
such as  [  30  ] :

   Organ transplantation   –
  Myeloproliferative disorders   –
  Bronchopulmonary aspergillosis and  –
chronic bronchitis in chi1dren  
  Bronchial carcinoid and systemic corticos- –
teroid use     

  Prematurity.  • 
  Miliary tuberculosis.  • 
  Alcoholism.  • 
  Goodpasture syndrome.  • 
   • Aspergillus  endocarditis on prosthetic or natu-
ral cardiac valves.     

   Pathogenesis 
  Aspergillus  has a predilection for invasion of 
blood vessels producing thrombosis, hemor-
rhage, infarction, and suppuration (Fig.  9.14 ). 
Vascular involvement is the major cause of death. 
Hematogenous dissemination to the eye can 
occur following hyphal penetration of blood ves-
sels with an initial choroidal lesion. The infec-
tion then spreads to the overlying retina, with 
progressive abscess formation. Eventually the 
vitreous is invaded, and  fi nally the anterior seg-
ment becomes involved  [  31  ] . Septate dichoto-
mously branching hyphae can be found 
throughout the eye. This also explains the recal-
citrance of infection to intravenous amphotericin 
B, given the absence of patent ocular vessels for 
drug delivery and the poor intraocular penetra-
tion of the drug.   

   Clinical Features 
 The ocular presentation and  fi ndings are often 
characteristic and provide possible diagnostic 
clues. The patients come to the of fi ce with rapid 
onset of pain and severe visual loss. Photophobia, 
pain, and iridocyclitis may occur, although the 
anterior segment is often quiet. Some patients 
present as a marked vitreous haze, a white mass 
in the vitreous, or a white pupil. The chorioreti-
nal compromise characteristically involves the 
central macula. A large macular abscess and reti-
nal pseudohypopyon formation are suggestive of 
the diagnosis (Fig.  9.15 ). A con fl uent yellowish 
macular in fi ltrate begins in the choroid and sub-
retinal space. The retinal involvement may range 
from subretinal or subhyaloid in fi ltrates to full-
thickness retinal necrosis (Fig.  9.16 ). Serous or 
exudative retinal detachment, intraretinal hemor-
rhages, choroidal or vitreous abscess, intravitreal 
granulomata, and posterior scleritis (Fig.  9.17 ) 
are also frequent  [  32  ] .     

   Diagnosis 
 Disseminated aspergillosis is often a dif fi cult 
clinical diagnosis to con fi rm. High clinical index 
of suspicion assisted by microbiological and 
histopathological evaluation helps in arriving at 
a correct diagnosis, thereby aiding successful 
treatment. Serologic tests are unreliable whereas 
blood cultures are usually negative even in ful-
minant cases. Even in patients with pulmonary 
involvement, sputum cultures are rarely posi-
tive. Invasive culture techniques (e.g., biopsies) 

  Fig. 9.14    ( a ) Histopathology of  Aspergillus  chorioretini-
tis. ( b ) Special stains revealed evidence of  Aspergillus . 
(Reprinted with permission from Arévalo JF, Fernández 

CF, Mendoza AJ. Chapter 41: Fungal infections. In: Retinal 
Imaging. Huang D, Kaiser PK, Lowder CY, Traboulsi EI, 
eds. Philadelphia: Mosby Elsevier: 2006; 366–774)       
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are helpful. Early recognition of intraocular 
aspergillosis may hasten diagnosis and improve 
prognosis. Awareness of  Aspergillus ’ propensity 
to cause retinal and choroidal infarction may 
improve the ophthalmologist’s ability to diag-
nose this vision- and life-threatening event. 

Intraocular infection with  Aspergillus  species is 
dif fi cult to distinguish from the other causes of 
endophthalmitis on the basis of clinical appear-
ance alone  [  33  ] . In addition,  Aspergillus  species 
cannot be differentiated, with certainty, from 
other fungi on histopathological examination. 

 It has been suggested that a de fi nitive diagno-
sis of  Aspergillus  infection is possible only by 
isolating and identifying the organism after cul-
turing. In culture, all  Aspergillus  species have 
septate, dichotomously branching hyphae with 
conidiophores (stalks) bearing conidia at their 
ends. They are best identi fi ed using periodic acid 
Schiff or Gomori methenamine silver stain, but 
may also be seen with Gram stain or hematoxylin 
and eosin.  Aspergillus  species rapidly grow on 
Sabouraud agar and Czapek solution agar. 
Colonies are initially  fl at, white, and  fi lamentous 
but become pigmented within 48 h with the pro-
duction of conidia (Fig.  9.18 ).  

 Anterior chamber aspirates are usually of no 
value for isolation of the fungus. Despite the 
presence of hyphae on the surface of the iris, 
negative anterior chamber aspirates can be 
reported  [  34  ] . Direct examination and culture of 
vitreous specimens provide a better chance for 
isolation of the fungus, con fi rming the role for 
early vitrectomy in cases of  Aspergillus  

  Fig. 9.15    Man with a history of intravenous drug abuse 
had vitritis and retinal pseudohypopyon formation due to 
 Aspergillus . (Reprinted with permission from Weishaar PD, 
Flynn HW Jr, Murray TG, et al. Endogenous Aspergillus 
endophthalmitis. Clinical features and treatment outcomes. 
Ophthalmology. 1998;105:57–65)       

  Fig. 9.16    ( a ) Yellowish subretinal lesion nasal to the 
optic disk surrounded by  fl uid secondary to  Aspergillus  
infection in chronic leukemia. ( b ) Histology of the fellow 
enucleated eye con fi rming  Aspergillus  infection. (Reprinted 

and modi fi ed with permission from Machado Od Ode O, 
Gonçalves R, Fernandes EM, et al. Bilateral Aspergillus 
endophthalmitis in a patient with chronic lymphocytic leu-
kemia. Br J Ophthalmol. 2003;87:1429–1430)       
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  Fig. 9.18    ( a )  Aspergillus fumigatus  – columnar head. ( b )  Aspergillus  fl avus  and  Penicillium . ( c )  Aspergillus niger . 
(© George L. Barron. Figures reproduced by permission of George L. Barron, Ph.D., D.Sc.)       

  Fig. 9.17    ( a – b ) Fundus photography showing serous retinal detachment with yellowish subretinal lesions secondary 
to  Aspergillus  posterior scleritis       
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endophthalmitis for both diagnostic and thera-
peutic purposes  [  32  ] .  

   Treatment 
 Despite treatment, which generally includes pars 
plana vitrectomy (PPV), intravitreal amphoteri-
cin B, systemic amphotericin B, and oral anti-
fungal agents, the visual prognosis remains 
grave, and the risk of mortality high. Amphotericin 
B is currently the only antifungal agent approved 
for injection into the vitreous. However, even at 
low concentrations it may cause focal retinal 
necrosis. Furthermore, a variety of fungal spe-
cies, particularly  Aspergillus , have shown resis-
tance to amphotericin B  [  35  ] . Voriconazole, a 
second-generation triazole, was developed for 
the treatment of life-threatening infections. It 
has potent in vitro activity against  Aspergillus  
species and has been found to be more effective 
than amphotericin B for the treatment of invasive 
aspergillosis. Voriconazole is used orally, intra-
venously, or by intravitreal injections (100  m [mu]
g/ 0.1 ml) to treat endogenous  Aspergillus  
endophthalmitis  [  36  ] . 

 The use of intravitreal dexamethasone remains 
controversial, but some protocols recommended 
using this adjunctive medication to reduce the 
marked intraocular in fl ammation in many of 
these eyes. In patients with persistent vitreous 
in fi ltrates and suspected recurrent disease after 
initial treatment, repeat intravitreous injections 
of amphotericin B and possibly repeat vitrectomy 
may be considered.   

   Cryptococcal Chorioretinitis 

  Cryptococcus neoformans  is a budding, spore-
forming, yeastlike fungus, with a polysaccharide 
capsule, ranging in size from 5 to 10  m (mu)m. 
 Cryptococcus neoformans  has two varieties: var 
neoformans and var gattii.  C. neoformans var 
gattii  is associated with a higher incidence of 
visual impairment, as compared to  C. neoformans 
var neoformans . The organism has a worldwide 
distribution. The most common source of infec-
tion is droppings from pigeons and other birds. 
The fungus has also been isolated from soil, fruit, 

and milk.  Cryptococcus neoformans  can enter the 
body through inhalation and spread hematoge-
nously to end organs, most commonly the brain. 
The most common ophthalmic manifestation of 
cryptococcosis is secondary to cryptococcal men-
ingitis or meningoencephalitis  [  37  ] . 

   Risk Factors 
 A normally functioning host immune response is 
capable of eliminating  C. neoformans  infection, or 
can sequester  C. neoformans  into sites where it 
can remain controlled via fungistatic and fungi-
cidal host defense mechanisms. The humoral sys-
tem is activated through the complement cascade. 
Therefore, the clinical manifestations of this infec-
tion can range from an asymptomatic colonization 
of the respiratory tract to a widespread dissemina-
tion depending on the host immune factors. 

 Most cases of intraocular cryptococcosis 
reported in the literature are the result of:

   Cryptococcal septicemia associated with • 
severe meningeal infection  
  Immunocompromised patients  • 
  Malignant lymphoma, Hodgkin’s disease, and • 
other malignant diseases  
  Acquired immunode fi ciency syndrome (AIDS)  • 
  Systemic lupus erythematosus     • 

   Pathogenesis 
 The primary lesion of cryptococcal infection is 
usually in the lung through inhalation of airborne 
spores, with dissemination most frequently to the 
meninges and brain or spinal cord. Other reported 
sites of cryptococcus include the skin, bones, and 
liver. Direct cryptococcal involvement of the eye 
is rare and usually associated with disseminated 
disease  [  37  ] . Cryptococcus organisms reach the 
eye through either direct extension from the optic 
nerve sheath or hematogenously from a distant 
focus. 

 Histological studies show that endogenous 
ocular cryptococcosis is primarily a choroidal dis-
ease, with secondary invasion of the sensory retina 
and other intraocular structures.  Cryptococcus 
neoformans  has also been reported to cause 
endophthalmitis, uveitis, and retinitis  [  37  ] . The 
histological reaction caused by the organism in 
the choroid and retina can range from minimal to 
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no in fl ammatory reaction or necrosis to granu-
lomatous changes  [  38  ] .  

   Clinical Features 
 Patients sometimes do not complain of visual 
symptoms; however, a detailed visual perimetry 
assessment can show dramatic and generalized 
concentric diminution of visual  fi eld in both eyes. 
Patients sometimes present with visual loss.  C. 
neoformans  usually presents intraocularly as a 
multifocal chorioretinitis characterized by dis-
crete multiple, yellowish white, slightly elevated 
chorioretinal lesions of different sizes. Retinal 
necrosis accompanied by retinal hemorrhage 
(Figs.  9.19  and  9.20 ) and exudative retinal detach-
ments also have been known to occur  [  39  ] . Retinal 
vessels may be sheathed; vitreitis of variable 
intensity and papilledema, optic atrophy, and 
ophthalmoplegia may develop (Figs.  9.19 ,  9.21 , 
and  9.22 ). Without treatment, the condition pro-
gresses to endophthalmitis  [  37  ] . Clinically, this 

appears as a diffuse vitritis with haze, debris, and 
 fl uffy white vitreous exudates that progressively 
enlarge to involve the entire vitreous  [  37  ] . 
An unusual presentation is a solitary retinovitreal 
abscess (Figs.  9.23  and  9.24 )  [  40  ] . A mild 
in fl ammatory reaction is usually present in the 
anterior segment. If treatment is not instituted, 
iris neovascularization and cataract may result. 
Visual outcomes are very poor in most cases.        

   Diagnosis 
 The diagnosis in a patient with a suspected crypto-
coccal chorioretinal or retinal lesion is complicated 
by the frequent association between direct intraocu-
lar cryptococcal involvement and the disseminated 
form of the infection, which frequently involves the 
central nervous system. Fluorescein angiography 
typically reveals hypo fl uorescent spots located 
under the neural retinal without signi fi cant leakage 
in late stages of the angiogram in cryptococcal 
choroiditis (Fig.  9.25 ). Multifocal pattern and irreg-

  Fig. 9.19    ( a – b ) Fundus photography showing disk edema 
associated with multifocal choroiditis and retinal hemorrhages 
in a patient with disseminated cryptococcus neoformans 

infection. ( c ) Umbilicated skin lesions in an HIV-positive 
patient. ( d ) Histology study of skin lesion showing the pres-
ence of  Cryptococcus neoformans  (PAS/Grocott)       
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  Fig. 9.20    ( a – b ) Multifocal cryptococcal choroiditis. 
Right ( a ) and left ( b ) eye photographs show multiple, yel-
lowish lesions at the level of the retinal pigment epithe-
lium and choroid (Reprinted with permission from 

Arévalo JF, Fernández CF, Mendoza AJ. Chapter 41: 
Fungal infections. In: Retinal Imaging. Huang D, Kaiser 
PK, Lowder CY, Traboulsi EI, eds. Philadelphia: Mosby 
Elsevier: 2006; 366–774)       

  Fig. 9.21    ( a ) Hemorrhagic papilledema associated to crypto-
coccal meningitis. ( b ) Cryptococcal retinochoroiditis with vas-
culitis. (Reprinted with permission from Arévalo JF, Fernández 

CF, Mendoza AJ. Chapter 41: Fungal Infections. In: Retinal 
Imaging. Huang D, Kaiser PK, Lowder CY, Traboulsi EI, 
eds. Philadelphia: Mosby Elsevier; 2006; 366–774)       

ularly shaped hypo fl uorescent spots on indocyanine 
green video-angiography are observed in choroidi-
tis for  Cryptococcus neoformans   [  41  ] ; they have a 
tendency to be con fl uent. This  fi nding may be 
related to an active disease stage than may have 
involved the choriocapillaris (Fig.  9.26 ).   

 If the causative organism is not known, an 
early diagnostic vitreous tap or vitrectomy may 
be performed. Identi fi cation of the encapsulated 
organism in cerebrospinal  fl uid (CSF) stained 
with India ink is suf fi cient for making a presump-
tive diagnosis and initiating treatment pending 
culture results. India ink preparations are nega-
tive in 50% of cases involving the central nervous 
system. In suspected cases, the urine, CSF, blood, 
and sputum should be cultured even in the absence 

of evidence suggesting genitourinary or pulmo-
nary infection.  Cryptococcus neoformans  grows 
well on both blood agar and Sabouraud medium. 
Growth usually occurs within 24–48 h, produc-
ing mucoid, cream or pink colonies.  Cryptococcus 
neoformans  is a budding, spore-forming yeast. 
The organism can be found within histiocytes as 
well as free in the extracellular matrix in the 
choroid, either with or without involvement of 
the overlying retina (Fig.  9.27 ).  

 Several serological tests for  Cryptococcus  
have been developed including complement 
 fi xation, tube agglutination, immunodiffusion, 
and an indirect immuno fl uorescence test. The 
latex agglutination test for detection of antigen 
on the cryptococcal polysaccharide capsule is the 
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most commonly used commercially available 
test. A titer greater than 1:8 is an indication for 
treatment. The presence of the antigen should be 
tested in blood, urine, and CSF if the diagnosis is 
suspected but not proved. 

 Morphological characteristics of the organism 
that allow identi fi cation are apparent with peri-
odic acid Schiff (PAS) or methenamine silver 
stains. Mayer’s mucicarmine will stain the 
 polysaccharide capsule of red, which differentiates 
 Cryptococcus neoformans  from other organisms 
and artifacts (see Fig.  9.27 ).  

   Treatment 
 Treatment usually consists of amphotericin B or 
 fl ucytosine, and therapeutic failure or relapse 

  Fig. 9.23    Fundus photography showing a large subreti-
nal lesion in the macula due to  Cryptococcus  infection in 
a patient with Hodgkin’s lymphoma       

  Fig. 9.22    ( a ) Umbilicated skin lesions in a patient with 
cryptococcal meningitis and disseminated  Cryptococcus 
neoformans  infection. ( b ) Histology study of skin lesion 
showing the presence of  Cryptococcus neoformans . 

( c ) Fundus photography showing direct nerve invasion 
associated with multifocal choroiditis and retinal hemor-
rhages in the same patient with cryptococcal meningitis       
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  Fig. 9.24    ( a ) Fundus photography showing large solitary cryptococcoma in an elderly man with chronic lymphocytic 
leukemia. ( b ) Same patient after cryptococcoma resolution       

  Fig. 9.25    Fluorescein angiogram of same patient in 
Fig.  9.20  shows the presence of rounded lesions that were 
located underneath the neuroretina in an AIDS patient with 
multifocal cryptococcal choroiditis. These lesions masked 
 fl uorescence early during the study ( top  pictures). There was 
no signi fi cant leakage in the late stages of the angiogram 

although some late hyper fl ourescence may be seen on the 
nasal aspect of the optic disk in both eyes ( bottom  pictures). 
(Reprinted with permission from Arévalo JF, Fernández CF, 
Mendoza AJ. Chapter 41: Fungal infections. In: Retinal 
Imaging. Huang D, Kaiser PK, Lowder CY, Traboulsi EI, 
eds. Philadelphia: Mosby Elsevier: 2006; 366–774)       
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has been reported in approximately 33% of 
cases. Agents like  fl uconazole have also been 
used. Voriconazole is a synthetic derivative of 
 fl uconazole, but it has a signi fi cantly broader 
spectrum of activity. Compared with amphoteri-
cin B,  fl uconazole, and itraconazole, voricon-
azole has the lowest minimum inhibitory 
concentration for  Cryptococcus neoformans , and 
time-kill assays demonstrate its fungicidal activ-
ity. When administered systemically, voricon-
azole shows excellent bioavailability, penetrating 

well into the eye and reaching intravitreal con-
centrations of 1.0–1.5 mg/mL. It has no 
signi fi cant toxicity in vitro cell cultures when 
administered in therapeutic concentrations up to 
250 mg/ml. Intravitreal voriconazole may there-
fore be a promising regimen for treatment of 
cryptococcal endophthalmitis. Early vitrectomy 
is recommended if severe vitritis fails to clear or 
worsens under antifungal therapy  [  37  ] . 
Enucleation is considered if the outcome is a 
blind, painful eye.   

  Fig. 9.26    Indocyanine green video-angiography (ICG-V) 
of same patient in Fig.  9.20  and Fig.  9.25  con fi rmed the 
presence of lesions that were at the level of the choroid. 
These lesions masked  fl uorescence throughout the study. 
Most of these hypo fl uorescent dark spots were already vis-
ible at the early phase of the ICG-V, became more sharply 
delineated in the intermediate angiographic frames ( top  

pictures), and remained hypo fl uorescent in the late frames 
( bottom  pictures) of the retinal pigment epithelium and 
choroid. (Reprinted with permission from Arévalo JF, 
Fernández CF, Mendoza AJ. Chapter 41: Fungal infec-
tions. In: Retinal Imaging. Huang D, Kaiser PK, Lowder 
CY, Traboulsi EI, eds. Philadelphia: Mosby Elsevier: 2006; 
366–774)       
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    Coccidioides immitis  Chorioretinitis 

  Coccidioides immitis  is a dimorphic fungus. The 
disease is endemic in the semiarid areas of the 
southwestern United States and Mexico. The area 
affected most heavily is the San Joaquin valley of 
central California. Cases of coccidioidomycosis, 
however, have been found in almost every state in 
the United States in persons who have at one time 
lived or traveled through an endemic area. The 
disease has also been reported in Hawaii, Canada, 
Central and South America, Italy, and the Balkan 
countries. The disease is transmitted to humans 
by inhalation of the arthroconidia stages in the 
saprophytic phase of the organism’s life cycle 

from dry dust arising from contaminated soil 
 [  42  ] .  Coccidioides immitis  has rarely been proved 
to cause ocular disease. 

   Risk Factors 
 The general population is susceptible to coccid-
ioidomycosis because the major risk factor is 
exposure to the arthroconidia of the mycelial 
phase of  C. immitis . However there are some risk 
factors for ocular compromise including:

   Dissemination of primary coccidioidal lesion. • 
Systemic coccidioidomycosis becomes mani-
fest as an asymptomatic subclinical infection, 
an acute self-limited pulmonary  fl u-like dis-
ease (primary pulmonary), a chronic pulmo-
nary disease (persistent pulmonary), or a 
disseminated condition with involvement of 
the lungs and extrapulmonary lesions in skin, 
joints, bones, and meninges.  
  Pregnant women contracting coccidioidomy-• 
cosis are at signi fi cant risk of developing 
severe or disseminated disease.  
  Patients with immunosuppression  [  • 43  ] .     

   Pathogenesis 
  Coccidioides immitis  produces pyogenic, granu-
lomatous, and mixed reactions  [  44  ] . Fibrosis, 
necrosis, and calci fi cation can occur. Miliary 
retinal and choroidal granulomas may result by 
distribution of the endospores via the ophthal-
mic artery (Fig.  9.28 ).   

  Fig. 9.27    Light microscopy reveals cryptococcal organ-
isms with their characteristic mucopolysaccharide cap-
sule. (Reprinted with permission from Khodadoust, AA, 
Payne JW. Cryptococcal “torular” retinitis: a clinicopatho-
logic case report. Am J Ophthalmol. 1969,67:745–750)       

  Fig. 9.28    ( a ) Focal granuloma in the fundus of a man who 
died of disseminated coccidioidomycosis. ( b ) Multiple 
spherule-containing endospores ( arrow ). (Modi fi ed and 

reprinted with permission from Boyden BS, Yee D. Trans 
Am Acad Ophthalmol Otolaryngol, 1971; 75:1006–1100)       
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   Clinical Features 
 Approximately 40% of infected individuals are 
symptomatic. The vast majority of symptomatic 
patients present upper respiratory tract infection. 
Ocular coccidioidomycosis is rare and may affect 
either the anterior or posterior segment of the eye 
producing blepharitis, phlyctenular conjunctivi-
tis, episcleritis, scleritis, iridocyclitis, choroiditis, 
and chorioretinitis. The typical posterior infection 
is a multifocal choroiditis with numerous scat-
tered, discrete, yellow-white lesions less than a 
disk diameter in size  [  44  ] .    Large juxtapapillary 
choroidal in fi ltrates with variable involvement of 
the overlying retina may be associated with reti-
nal edema and hemorrhage, and small peripheral 
chorioretinal scars with central hypopigmentation 
resembling presumed ocular histoplasmosis scars 
(Fig.  9.29 ). Miliary retinitis with multiple retinal 
granulomata has also been reported. Vitritis may 
be associated with vitreous cells and in fi ltrates 
overlying the chorioretinal lesion.  C. immitis  may 
also primarily affect the optic nerve.   

   Diagnosis 
 A history of travel to an endemic area may pro-
vide a clue to the diagnosis. If the diagnosis is 
highly suspected, the laboratory workup includes 
characterization and quanti fi cation of anticoccid-
ioidal antibodies in serum and a coccidioidin skin 
test. Skin and serologic testing provide strong 
evidence for prior exposure to  C. immitis  but 

alone do not con fi rm the presence of dissemi-
nated or intraocular disease. 

 Histopathologic or culture identi fi cation of 
 C. immitis  in anterior chamber, vitreous, or 
chorioretinal specimens is the most direct 
method to diagnose intraocular infection, but 
intraocular biopsy is not without risk. In con-
trast, biopsy of skin lesions has low morbidity 
and can provide de fi nitive evidence for dissem-
inated disease  [  45  ].  

 Antibodies to two antigens of  C. immitis  are of 
particular interest: a tube-precipitating (TP) 
reacting seroprotein (an IgM) and a complement 
 fi xing (CF) antibody (an IgG). The level of CF 
antibody is directly proportional to the extent of 
the disease. A positive CF antibody test in dilu-
tions greater than 16-fold indicates extrapulmo-
nary disseminated disease. Rising titers of both 
antibodies indicate a worsening prognosis, and 
falling titers indicate improvement.  

   Treatment 
 Amphotericin B is the drug of choice for treatment 
of chronic pulmonary and disseminated coccid-
ioidomycosis  [  45  ] . With isolated vision-threaten-
ing ocular infections, more aggressive treatment 
may be warranted, including intracameral or 
 intravitreal injection of amphotericin B and pars 
plana vitrectomy. Ketoconazole,  fl uconazole, and 
itraconazole can also be used in combination with 
or following treatment with amphotericin B.   

  Fig. 9.29    ( a )  Right  fundus photograph shows a small 
choroidal lesion superotemporal to the fovea ( arrow ) 
and mild papilledema. ( b )  Left  fundus photograph 
shows two choroidal lesions, one superonasal to the 
optic nerve head and one inferotemporal to the fovea 

( arrows ). Mild papilledema is also evident. (Modi fi ed 
and reprinted with permission from Cunningham ET Jr, 
Seiff SR, Berger TG, et al. Intraocular coccidioidomy-
cosis diagnosed by skin biopsy. Arch Ophthalmol. 
1998;116:674–677)       
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   Histoplasma Chorioretinitis 

  Histoplasma capsulatum  is a dimorphic unencapsu-
lated fungus with mycelial and yeastlike phases that 
often grows in soil around old chicken houses and 
areas harboring bats, such as caves  [  46  ] . The organ-
ism is endemic in southeastern and central United 
States and many parts of Central America and Asia. 
The organism gains access to the body by way of 
the respiratory tract through inhalation of spores. 

 Acute histoplasmosis is usually a benign sub-
clinical or self-limited pulmonary illness  [  47  ] . 
Disseminated histoplasmosis is a rare condition in 
which the organism spreads by way of the blood-
stream, producing lesions throughout the body. 

 Presumed ocular histoplasmosis syndrome 
(POHS) is a distinct clinical entity that is charac-
terized by peripheral atrophic chorioretinal scars, 
peripapillary scarring, and maculopathy. This 
condition is believed to be secondary to exposure 
to  Histoplasma capsulatum , although this fungus 
rarely has been isolated or cultured from an eye 
with the typically associated clinical  fi ndings. 

   Risk Factors 
 Rarely, disseminated infection occurs in normal 
adults without any immunologic defect  [  48  ] . Risk 
factors for histoplasmosis infection are:

   Residents or visitors to endemic areas  • 
  Prior exposure to chickens, parakeets, or pigeons  • 

  Incomplete development of immune defense • 
mechanisms in infants  [  47  ]   
  AIDS  • 
  Iatrogenic immunosuppression, especially • 
after kidney transplantation  
  Immunocompromised patients     • 

   Pathogenesis 
 In a normal host, the initial infection is usually 
asymptomatic or feels like in fl uenza. In a few 
patients, a chronic cavitary pulmonary disease 
may follow. In immunocompromised patients, a 
progressive, life-threatening, disseminated form 
can occur. Following initial infection, hematoge-
nous spread to the rest of the body, including the 
eye, can occur.  Histoplasma capsulatum  may 
eventually seed the choroid to produce a multifo-
cal granulomatous chorioretinitis that heals as 
atrophic histo scars (Fig.  9.30 ).   

   Clinical Features 
 The classic ocular disease is manifested with a 
triad of disseminated choroiditis (histo spots), 
maculopathy that may be associated with epi-
sodes of exudation and may occur with subretinal 
neovascularization, and peripapillary atrophy 
with pigmentary changes (Fig.  9.31 )  [  49  ] .  

 Ocular involvement in cases of disseminated 
histoplasmosis may manifest as retinitis, optic neu-
ritis, or uveitis. The retinitis appears as multiple, 

  Fig. 9.30    ( a ) Large focal choroidal granuloma ( arrows ) 
secondary to histoplasmosis. ( b ) Special stains showed 
 Histoplasma capsulatum  ( arrows ). ( Panel A  reprinted 
with permission from Gass JD. Pathogenesis of disciform 
detachment of the neuroepithelium. Am J Ophthalmol. 
1967;63:Suppl:1–139; and Maumenee AE, Ryan SJ. 
Photocoagulation of disciform macular lesions in the ocu-

lar histoplasmosis syndrome. Am J Ophthalmol. 
1973;75:13–16.  Panel B  reprinted with permission from 
Klintworth GK, Hollingsworth AS, Lusman PA, Bradford 
WD. Granulomatous choroiditis in a case of disseminated 
histoplasmosis. Histologic demonstration of Histoplasma 
capsulatum in choroidal lesions. Arch Ophthalmol. 
1973;90:45–48)       
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creamy white intraretinal and subretinal in fi ltrates 
and intraretinal hemorrhages (Fig.  9.32  panels A, 
B, and C). Active choroiditis appears as discrete, 
round, yellowish choroidal lesions. With time, the 
lesions resolve, leaving the typical “punched-out” 
atrophic scars that disrupt Bruch’s membrane. 
Reexposure to the histoplasmin antigen may 
account for the enlargement of old scars and the 
emergence of new scars (Figs.  9.33  and  9.34 ).     

   Diagnosis 
 Diagnosis is made by histology and culture of tis-
sue specimens. The organism exists as yeasts 
within the host tissues, usually located within 
macrophages, and surrounded by granulomatous 
in fl ammation. Organisms are best visualized by 
stains speci fi c for fungal elements such as periodic 
acid Schiff, Gomori methenamine silver, or 
Grocott silver stain. The morphology of the yeast 
is suggestive, but not diagnostic, as it can be con-
fused with other fungi such as  Candida glabrata , 
 Blastomyces dermatitidis ,  Penicillium marneffei , 
or  Coccidioides immitis . 

 Culture is performed on routine fungal culture 
medium such as Sabouraud glucose agar (Fig.  9.32  
panel D) or brain heart infusion agar. At 28–30°C, 
the organism grows as a white mold, with typical 
tuberculated macroconidia on microscopy. 
However, conversion to a yeast form after subculture 
at 35–37°C is required for diagnosis. Microscopy 

then shows elliptical yeast cells, budding from 
the small end by a narrow base. Con fi rmation 
can also be made by immuno fl uorescent tech-
niques, which detect speci fi c exoantigens or 
nucleic acid probes, which detect  Histoplasma -
speci fi c DNA. Serology is positive in as many as 
75% of patients 6 weeks after the onset of acute 
disease, but antibodies can also be detected in up 
to 10% of asymptomatic individuals in endemic 
areas. Immunocompromised individuals often do 
not mount an antibody response. Skin testing 
using histoplasmin antigen is mainly used as an 
epidemiological tool. The organisms may also be 
isolated from vitreous aspirates obtained during 
pars plana vitrectomy. 

 Fluorescein angiography can show 
hyper fl uorescence in the late phases of the study 
from choroidal neovascularization in patients with 
histoplasmosis (Fig.  9.35 )  [  50  ] . Optical coherence 
tomography is useful in the identi fi cation of dif-
ferent types of choroidal neovascularization (type 
1 or 2), accumulation of subretinal  fl uid, macular 
edema, and epiretinal membranes (Fig.  9.36 ). 
Chest radiography may show calci fi ed lesions by 
histoplasmosis infection (Fig.  9.37 ).     

   Treatment 
 Amphotericin B or ketoconazole generally is 
recommended for treatment of disseminated 
histoplasmosis. Pars plana vitrectomy with 

  Fig. 9.31    ( a ) Disseminated choroiditis (histo spots), macu-
lopathy, and peripapillary chorioretinal degenerative changes 
in a patient with the presumed ocular histoplasmosis syn-
drome. ( b ) Fundus photographs revealed serosanguinous 
retinal detachment with faint pigment halo in right macula of 

a patient with the presumed ocular histoplasmosis syndrome. 
(Reprinted with permission from Arévalo JF, Fernández CF, 
Mendoza AJ. Chapter 41: Fungal infections. In: Retinal 
Imaging. Huang D, Kaiser PK, Lowder CY, Traboulsi EI, 
eds. Philadelphia: Mosby Elsevier: 2006; 366–774)       
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  Fig. 9.32    Patient with ocular histoplasmosis. ( a – b ) 
Multiple, creamy white intraretinal and subretinal 
in fi ltrates. ( c ) Intraretinal and subretinal hemorrhages. ( d ) 
 Histoplasma capsulatum . Yeast colonies in Sabouraud 
glucose agar. (Part D, reprinted with permission from 

Gonzales CA, Scott IU, Chaudhry NA, Luu KM, Miller 
D, Murray TG, Davis JL. Endogenous endophthalmitis 
caused by Histoplasma capsulatum var. capsulatum: a 
case report and literature review. Ophthalmology. 
2000;107:725–729)       

  Fig. 9.33    ( a ) Choroidal neovascular membrane in a patient with a diagnosis of presumed ocular histoplasmosis 
syndrome. ( b ) Progressive lesion enlargement through 10 years       
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  Fig. 9.35    ( a – b ). Hyper fl uorescence in the late phases of 
the  fl uorescein angiogram from choroidal neovasculariza-
tion in patient with the presumed ocular histoplasmosis syn-

drome. (Modi fi ed and reprinted with permission from Gass 
JDM. Stereoscopic Atlas of Macular Diseases; Diagnosis 
and Treatment. 4th ed. St. Louis: Mosby, Inc. 1997)       

  Fig. 9.36    Type 2 choroidal neovascular membrane in a 
patient with a diagnosis of presumed ocular histoplasmo-
sis syndrome. Fusiform hypere fl ectivity between the 

 retina and the retinal pigment epithelium complex on opti-
cal coherence tomography       

  Fig. 9.34    ( a – c ) Progressive “punched-out” atrophic scar enlargement in a patient with presumed ocular histoplasmosis 
syndrome       
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intravitreal injection of antifungal drugs may be 
indicated in cases with dense vitreous exudates 
or fulminant retinitis  [  51  ] .   

   Blastomyces Dermatitidis 
Chorioretinitis 

  Blastomyces dermatitidis  is a thermally dimor-
phic fungus that grows in mycelial form. The 
geographic distribution of reported blastomyco-
sis cases is fairly widespread in the United States. 
The disease has also been reported in Canada, 
Africa, the Middle East, India, and Poland. 
Although the incidence of ocular involvement is 
low, blastomycosis has been reported to involve 
essentially all the intraocular and periocular 
tissues  [  52  ] . 

   Risk Factors 
    Persons in areas with endemic disease with • 
exposures to wooded sites (e.g., farmers, for-
estry workers, hunters, and campers)  

  Immunocompromised individuals, such as those • 
on chronic steroid therapy, organ transplant 
recipients, and patients with human immuno-
de fi ciency virus (HIV)     

   Pathogenesis 
 Except for rare cases of cutaneous inoculation 
caused by laboratory accidents or infected animal 
bites  [  53  ] , the most common route of infection of 
blastomycosis is by inhalation of airborne spores 
that arise from the soil. Inside the body or when 
incubated at 37°C, the organism converts to the 
yeast form, which reproduces by budding. The 
pulmonary lesion may resolve, leaving no signs 
of previous infection. Hematogenous dissemina-
tion can produce cutaneous blastomycosis, blas-
tomycosis of the bone marrow, blastomycosis of 
the male genitourinary system, or ophthalmic 
blastomycosis.  Blastomyces dermatitidis  causes 
a combination of acute suppurative and granu-
lomatous in fl ammation.  

   Clinical Features 
 Ocular symptoms of blastomycosis include pain, 
redness, photophobia, and blurred vision. The 
ophthalmic manifestations include eyelid infec-
tion, conjunctivitis, keratitis, iritis, choroiditis, 
endophthalmitis, panophthalmitis, and orbital 
cellulitis. 

 Choroidal involvement in blastomycosis is 
unusual and can be seen clinically as one or more 
yellowish-white choroidal lesions (Fig.  9.38 ) and 
perivascular in fi ltrates  [  13  ] .   

   Diagnosis 
 Hematoxylin–eosin, Gomori methenamine sil-
ver, periodic acid Schiff, and auramine are the 
stains used for  B. dermatitidis  identi fi cation. 
The organism grows well on Sabouraud agar, 
producing white to tan colonies.  Blastomyces 
derma titidis is dimorphic (septate mycelia and 
conidia). The organism grows almost exclusively 
in the yeast form, with hyphae only rarely found 
(Fig.  9.39 ).  

 Because of variations in both the systemic and the 
ocular manifestations of blastomycosis, diagnosis is 
based on a high index of suspicion.  B.  dermatitidis  

  Fig. 9.37    Chest X-ray showing calci fi ed lesions due to 
histoplasmosis infection. (Reprinted with permission from 
Arévalo JF, Fernández CF, Mendoza AJ. Chapter 41: 
Fungal Infections. In: Retinal Imaging. Huang D, Kaiser 
PK, Lowder CY, Traboulsi EI, eds. Philadelphia: Mosby 
Elsevier: 2006; 366–774)       
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does not colonize, so detection by histologic analysis 
or culture con fi rms the diagnosis  [  54  ] . 

  B. dermatitidis  produces granulomatous reac-
tions with choroidal and retinal involvement 
(Fig.  9.40 ). The fungus is identi fi ed commonly 
by microscopy of exudate, sputum, tissue after 
cell digestion, or aqueous and vitreous aspirates 
using 10% potassium hydroxide, but  fi ne-needle 
aspiration cytologic analysis can be used.   

   Treatment 
 In addition to amphotericin B and ketoconazole, 
itraconazole currently is the accepted form of 

therapy for blastomycosis. Pars plana vitrectomy 
together with intravitreous injection of amphot-
ericin B must be performed if signi fi cant vitreous 
in fl ammation is present.   

    Sporothrix schenckii  Chorioretinitis 

  Sporothrix schenckii  is a saprophytic, dimor-
phic fungus worldwide. The organism can be 
found in soil associated with plant organic mat-
ter (e.g., thorns, dry leaves, and wood), water, 

  Fig. 9.38    ( a – b ) Fundus photographs show multifocal 
blastomycosis choroiditis. Biopsy of skin revealed blasto-
mycosis. (Modi fi ed and reprinted with permission from 

Gass JDM. Stereoscopic Atlas of Macular Diseases; 
Diagnosis and Treatment. 4th ed. St. Louis: Mosby, Inc. 
1997)       

  Fig. 9.39    Colony of  Blastomyces dermatitidis  on mold-
inhibitory agar (Modi fi ed and reprinted with permission 
from   http://www.doctorfungus.org    )       

  Fig. 9.40    Granuloma containing  Blastomyces dermatitidis  
(Reprinted with permission from Lewis H, Aaberg TM, Fary 
DRB, et al. Latent disseminated blastomycosis with choroi-
dal involvement. Arch Ophthalmol 1988; 106:527–530)       
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and decomposing organic matter, among others. 
Natural infection of rats, dogs, mules, and 
horses also has been reported  [  55  ] .  Sporothrix 
schenckii  affects humans in three distinct forms: 
cutaneous, pulmonary, and disseminated sporo-
trichosis. Most cases of intraocular involvement 
of disseminated sporotrichosis have been 
endophthalmitis, which shows poor response to 
therapy. 

   Risk Factors 
    Farmers, gardeners, laborers, and certain types • 
of miners  [  55  ]   
  Renal transplant patients  • 
  Patients with debilitating or immunosuppressive • 
diseases     

   Pathogenesis 
 Most cases of sporotrichosis start as primary 
cutaneous lesions following inoculation with 
contaminated soil or other vegetable material. 
This stage is followed by centripetal lymphatic 
spread, which appears as multiple subcutaneous 
nodules creeping up an extremity. Intraocular 
infections may be due to direct extension from 
the lid or conjunctiva, but most are endogenous, 
owing to systemic infection, and usually lead to 
loss of the eye. 

 Ocular (and other monofocal sites) infections 
without an antecedent history of trauma or 
evidence of systemic disease are rare but may be 
more common with  S. schenckii  than with other 
causes of fungal endophthalmitis  [  56  ] .  

   Clinical Features 
 The presenting features of intraocular sporo-
trichosis are nonspeci fi c and include pain, 
decreased vision, and redness. Ocular manifes-
tations of sporotrichosis include lesions of the 
eyelids and lacrimal apparatus, conjunctivitis 
(Fig.  9.41 ), keratitis, scleritis, nongranuloma-
tous anterior uveitis with small white keratic 
precipitates or granulomatous anterior uveitis 
with iris nodules  [  57  ] , endophthalmitis, and 
chorioretinitis that appears as  fl uffy, white, 
necrotic retinal lesions with overlying vitreous 

haze (Fig.  9.42 ). The condition may progress 
over several months  [  58  ] .    

   Diagnosis 
 The histopathological diagnosis of  S. schenckii  
is often dif fi cult. In primary lesions, the free 
yeast forms are rarely found in tissue sections 
stained with hematoxylin and eosin and may not 
be identi fi ed despite stains with periodic acid 
Schiff or glyceryl monostearate, making 
 recovery in  culture the diagnosis. Repeated 
aqueous and vitreous aspirates may be neces-
sary to isolate the organism. In patients with 
other sites of infection, such as skin or joints, 
biopsy or aspiration of that site, with culture, 
also may be helpful   . In culture it grows in a 
yeastlike form at incubation temperatures and 
 fi lamentous form at room temperature. 
Sabouraud agar is a satisfactory culture medium, 
in which cream-colored to black leathery colo-
nies develop within 3–5 days  [  55  ] .  

   Treatment 
 For disseminated sporotrichosis or extraocular 
sporotrichosis, intravenous amphotericin B is 
usually used. Early vitrectomy and intravitreal 
injection of amphotericin B in cases of  S. 
schenckii  endophthalmitis are important. Also, 
itraconazole can be used for disseminated and 
ocular sporotrichosis  [  59  ] .    

  Fig. 9.41    Follicular conjunctivitis with conjunctival 
granuloma secondary to  Sporothrix schenckii  infection       
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   Controversies and Perspectives 

 The last few decades have seen signi fi cant 
changes in health care with increasing numbers 
of heavily immunocompromised patients. 

Because of new and more aggressive treat-
ments, patients with severe immune defects are 
surviving longer and the spectrum of fungal 
pathogens is increasing. Until relatively 
recently,  Candida albicans  and  Aspergillus 
fumigatus  were considered the only important 
nosocomial fungal pathogens. However, non-
albicans  Candida  species and other yeasts, 
together with an increasing range of molds 
apart from  A. fumigatus  are now reported to 
cause nosocomial fungal infections. The wide-
spread use of azoles for prophylaxis and treat-
ment has been linked with the emergence of 
non-albicans  Candida  species and other yeasts. 
Therefore prevention of nosocomial fungal 
infections is an increasingly important aspect 
of infection control. 

 Despite enormous advances in the  fi eld of 
infectious diseases, the identi fi cation of fungi as 
the cause of an infection is dif fi cult to establish in 
cases of presumed fungus infection because of 
the nonspeci fi c clinical signs and symptoms and 
the dif fi culties encountered in the isolation of 
these microorganisms in the microbiology labo-
ratory. Delays in identi fi cation of fungal patho-
gens often lead to advanced disease and delay in 
the use of targeted antifungal therapy. To further 
compound the dilemma, treatment of fungus 
infection can be dif fi cult given the paucity of 
commercial  antifungal ophthalmic agents and the 
not-well-established criteria for antifungal sensi-
tivity testing. 

 New classes and newer generations of anti-
fungal therapies are being developed and may be 
important in combating this sight-threatening 
infectious disease. 

 The role of corticosteroids and its proper use 
in the treatment of fungal infections continues 
to be debated among experts. The controversy 
arises because there are two goals in the treat-
ment of fungus infection that are inherently 
incompatible: (1) to get rid in the affected tis-
sue of the replicating microorganisms causing 
the infection and (2) to limit the degree of 
structural damage caused by the infectious 
process.  

  Fig. 9.42     Sporothrix schenckii . ( a ) Fundus photography 
showing retinal granuloma and  fl uffy opacities in the vit-
reous in the left eye. ( b ) Ulcerated skin lesions. ( c ) Positive 
culture for  Sporothrix schenckii . (Modi fi ed and reprinted 
with permission from Curi AL, Felix S, Azevedo KM, 
et al. Retinal granuloma caused by Sporothrix schenckii. 
Am J Ophthalmol. 2003; 136:205–207)       
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   Focal Points 

    Fungal infections can be exogenous (postsur-• 
gical or posttraumatic) or endogenous.  
  Fungal endophthalmitis usually presents as a • 
chronic panuveitis.  
  Fluffy deep yellow-white retinal or choroidal • 
lesions are frequently present, and the vitreous 
often contains “ fl uff balls.”  
  The patient may not be symptomatic for days • 
or even months until he or she develops blurred 
vision or  fl oaters.  
  Later in the course, redness, pain, hypopyon, • 
and dense vitreitis may occur.  
   • Candida  species are the most common organ-
isms responsible for endogenous (as well as 
exogenous) fungal endophthalmitis.  
   • Candida  endophthalmitis usually occurs in 
chronically ill patients with an indwelling 
catheter. It is also a frequent complication of 
intravenous drug use.  
   • Aspergillus  species are the second most com-
mon cause of endogenous fungal 
endophthalmitis.  
  Diagnosis is con fi rmed unequivocally by cul-• 
turing the fungus from patient specimens on 
appropriate media and by speci fi c laboratory 
methods, including the  fi nding of fungi on 
direct microscopic examination of specially 
stained tissue sections.  
  Histological features can be more rapidly • 
diagnostic than culture when mycoses are 
caused by slow-growing fungi.  
  The time saved by allowing appropriate intro-• 
duction of antifungal therapy can be critically 
important to preserving ocular structures.  
  Biopsy may provide proof that the fungus is • 
invading tissue and that it is not merely a con-
taminant or saprophyte.  
  Histological examination and culture ideally • 
are performed together.  
  For fungus infections that are limited to the • 
eye, vitrectomy combined with intravitreal 
antifungals are the treatment of choice.         
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  Abstract 

 Endogenous endophthalmitis is the result of hematogenous spread of 
organisms to the eye from a site of infection elsewhere in the body or from 
contaminated catheters or needles. The prognosis in endophthalmitis is 
dependent on culture results, time of onset of the endophthalmitis, and the 
virulence of the pathogen. Biopsy of intraocular  fl uid/tissue is the only 
method that permits reliable diagnosis and treatment. Successful manage-
ment of infectious endophthalmitis depends on timely diagnosis and insti-
tution of appropriate therapy. The different presenting clinical settings, a 
rational approach to diagnosis, and the treatment of infectious endophthal-
mitis are reviewed.  
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   Introduction 

 Endophthalmitis is a rare but potentially devas-
tating intraocular infection that can result from 
exogenous spread following intraocular surgery, 
a complication of ocular trauma, or from an adja-
cent ocular interface, resulting in a poor visual 
prognosis for the majority of patients  [  1  ] . 
Endophthalmitis is divided into endogenous 
endophthalmitis, resulting from hematogenous 
spread from a focus of infection elsewhere in the 
body, and exogenous endophthalmitis, resulting 
from primary inoculation of the eye. Few patients 
with endogenous endophthalmitis are able to 
maintain good visual acuity. 

 Endogenous endophthalmitis, also termed 
metastatic endophthalmitis, occurs when organ-
isms reach the eye via the bloodstream and enter 
the internal ocular spaces by crossing the blood-
ocular barrier. Endogenous bacterial endophthal-
mitis (EBE) is less common than exogenous 
bacterial endophthalmitis and accounts for only 
2–6% of all cases of endophthalmitis  [  2  ] . Several 
large series estimate that endogenous endophthal-
mitis accounts for 2–15% of all cases of 
endophthalmitis  [  3  ] . 

 The possible range of infectious agents is 
broad and includes gram-positive bacteria, 
gram-negative bacteria, and fungi. However, 
there is considerable variation in the frequency 
of these pathogens between different geographi-
cal areas. Previously published series of patients 
with endogenous endophthalmitis have reported 
the most common bacterial organism as 
 Staphylococcus aureus  and the most common 
fungal organism as  Candida  species  [  4  ] . 

 Endogenous endophthalmitis has been asso-
ciated with many systemic risk factors, includ-
ing chronic immune-compromising illnesses 
(diabetes mellitus, renal failure), indwelling or 
long-term intravenous catheters, immunosup-
pressive diseases and therapy (malignancies, 
human immunode fi ciency virus [HIV] infection, 
chemotherapeutic agents), recent invasive sur-
gery, endocarditis, gastrointestinal procedures, 
hepatobiliary tract infections, intravenous drug 
abuse, organ transplantation, and genitourinary 

and dental procedures  [  5  ] . In most cases, the 
diagnosis of endophthalmitis is made on clinical 
grounds, and treatment is usually initiated 
empirically while awaiting results from intraoc-
ular and/or blood cultures. 

 Advances in medical technology, a longer life 
span of patients with chronic diseases and a ris-
ing prevalence of long-term intravenous access, 
may lead to the disease becoming more common 
in clinical practice. Endophthalmitis is the most 
dreaded ocular infection and carries one of the 
worst visual prognoses of all ocular infections. 
Recognition of the different clinical settings in 
which endophthalmitis occurs and awareness of 
the highly variable presentation it may have facil-
itate timely diagnosis. Biopsy of intraocular  fl uid/
tissue is the only method that permits reliable 
diagnosis and treatment. 

 In this chapter, we review the epidemiology, 
clinical  fi ndings, management, and prognosis of 
endogenous endophthalmitis.  

   Clinical Settings, Causative 
Organisms, and Epidemiology 

 Endophthalmitis is the term used for a severe 
in fl ammation of the intraocular structures always 
involving the ocular  fl uids (either the vitreous or 
the aqueous humor or both). The cause of the 
in fl ammation may be infectious or noninfectious 
(also called sterile endophthalmitis). 

 Infectious endophthalmitis can be classi fi ed 
on the basis of the clinical setting and the time of 
onset of clinically apparent in fl ammation. General 
categories include postoperative endophthalmi-
tis, posttraumatic endophthalmitis, endogenous 
endophthalmitis, and miscellaneous noninfec-
tious causes of endophthalmitis, e.g., sterile 
uveitis, phacoanaphylactic endophthalmitis, and 
sympathetic ophthalmia. It most commonly 
occurs as a postoperative complication of cata-
ract surgery and in 70% of cases is caused by 
coagulase-negative  Staphylococci . Such infec-
tions are rare, with an incidence of 0.07–0.32% 
 [  6  ] . Postoperative fungal endophthalmitis is usu-
ally seen in clusters due to the use of contami-
nated intraocular irrigation solution, intraocular 
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lenses, ventilation system, and hospital construc-
tion activities (Table  10.1 )  [  7  ] .  

 Endogenous endophthalmitis comprises only 
a minority of endophthalmitis cases. Whereas 
endophthalmitis occurs at an average annual 
incidence of 5 in 10,000 hospitalized cases, 
only 2–15% are endogenous  [  7  ] . Endogenous 
endophthalmitis, also termed metastatic 
endophthalmitis, occurs when organisms reach 
the eye via the bloodstream and enter the internal 
ocular spaces by crossing the blood-ocular bar-
rier. Endogenous endophthalmitis is associated 
with several medical conditions such as diabetes, 
lymphoproliferative disease, malignancy, immu-
nosuppression, parenteral alimentation, recent 
extended surgical procedure, alcoholism, or intra-
venous drug abuse  [  8,   9  ] . 

 Endogenous bacterial endophthalmitis is a 
rare but a visually devastating disease. It may 
occur at any age and has no sexual predilection. 
The right eye is involved twice as often as the left 
eye because of the more proximal and direct 
blood  fl ow to the right carotid artery  [  10  ] . 
Bilateral involvement occurs in approximately 
25% of cases. Organisms spread hematogenously 
to the eye from a site of infection elsewhere in the 
body or from a contaminated catheter in the body. 
Retinal damage is caused partly by microbial 
toxins and exacerbated by the ischemia caused by 
septic emboli. Immunocompromised states such 
as diabetes mellitus, malignancy, and chemother-
apy are associated with a reduced host defense 
and constitute risk factors for developing endog-
enous endophthalmitis. 

 The most common causes of bacterial endog-
enous endophthalmitis include  Streptococcus  
species , S. aureus,  and, in some studies , B. cereus . 
Whereas  B. cereus  was being increasingly recog-
nized in exogenous, posttraumatic endophthalmi-
tis, numerous cases of endogenous endophthalmitis 
relating to  B. cereus  had already been reported in 
the literature. The infections were linked with the 
transfusion of contaminated blood products and 
the use of illicit intravenously administered  
drugs  [  11  ] . 

  Streptococcus pneumoniae  and  S. viridans  are 
common causes of bacterial endogenous 
endophthalmitis secondary to meningitis and 
endocarditis, respectively, but other  Streptococcus  
species have been isolated as well. Group G 
streptococcal endophthalmitis has been reported 
in elderly patients with skin wounds or malignant 
neoplasms, and group B streptococcal endophthal-
mitis has been noted in neonates with meningitis 
and in immunocompromised adults  [  12,   13  ] . 
 Acinetobacter baumannii  is emerging as a com-
mon cause of hospital-acquired infections 
especially in the very ill patients. Fortunately, 
 Acinetobacter  endogenous bacterial endophthal-
mitis is still a rare occurrence  [  14  ] . Other 
infrequently encountered organisms include 
 Citrobacter   [  15  ] ,  Aeromonas hydrophila   [  16  ] , 
and nontuberculous  mycobacteria   [  17  ] . 

 Gram-positive bacteria are the most common 
cause of bacterial endogenous endophthalmitis. 
 Listeria monocytogenes  has been described as 
causing a fairly indolent infection that is charac-
terized by a brownish hypopyon and should be 
considered if this  fi nding is present without cor-
neal involvement. Endophthalmitis caused by 
anaerobic  Clostridium  species has also been 
reported in association with bowel carcinoma, 
and because of its particularly aggressive nature, 
this infection often results in enucleation  [  18  ] . 

 Enteric gram-negative microorganisms (e.g., 
 Escherichia coli, Klebsiella pneumoniae, H. 
in fl uenzae, P. aeruginosa,  and  Serratia  species) are 
the most common causes of gram-negative  bacterial 
endogenous endophthalmitis.  Pseudomonas aerug-
inosa  is an especially virulent organism that may 
result in an accelerated presentation with rapid vision 
loss.  Pseudomonas aeruginosa  endophthalmitis has 

   Table 10.1    Classi fi cation of endophthalmitis   

 Infectious endophthalmitis 

 Postoperative 
 • Acute postoperative endophthalmitis 
 •  Delayed-onset endophthalmitis 

(onset > 6 weeks postoperatively) 
 • Conjunctival  fi ltering bleb–associated 
 Endogenous 
 Posttraumatic 
 Noninfectious endophthalmitis 

 Sterile uveitis 
 Phacoanaphylactic endophthalmitis 
 Sympathetic ophthalmia 
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been reported in few cases since 1935  [  19  ] . The age 
range is variable with cases reported in a 21-day-old 
infant and in an 86-year-old man. Males appear to be 
more commonly affected than females. Predisposing 
factors for  Pseudomonas aeruginosa  endogenous 
endophthalmitis appear to be endocarditis  [  20  ] , bacte-
remia from any source, immunosuppression  [  21  ] , and 
cystic  fi brosis  [  22  ] . 

  Neisseria meningitidis  was a common cause 
of bacterial endogenous endophthalmitis, but it is 
rarely the cause today.  Haemophilus in fl uenzae  
infection can present in a manner similar to that 
of meningococcus with bacteremia, meningitis, 
and eye infection.  Nocardia asteroides  is an acid-
fast bacterium that may lead to bacterial endoge-
nous endophthalmitis secondary to dissemination 
from a pulmonary focus and has increasingly 
been associated with endogenous endophthalmi-
tis in immunocompromised patients  [  23  ] . Among 
other acid-fast bacteria,  Actinomyces  species and 
 Mycobacterium tuberculosis  have also been 
reported infrequently  [  24  ] . 

 The most common organisms responsible for 
endogenous bacterial endophthalmitis differ in 
different parts of the world. In Western countries, 
the proportion of gram-positive organisms is 
about six times that of gram-negative organisms 
 [  25  ] . On the other hand,  Klebsiella pneumoniae , 
which is an uncommon cause of endogenous bac-
terial endophthalmitis in the West  [  26  ] , continues 
to be an important causative organism in Asia 
especially in Taiwan, being responsible for about 
80% of the endogenous bacterial endophthalmitis 
cases  [  27  ] . 

 Wong et al.  [  28  ]  reported the East Asian expe-
rience of predominantly gram-negative organ-
isms, in particular  Klebsiella pneumoniae . In 
East Asia, endogenous bacterial endophthalmitis 
was overwhelmingly caused by gram-negative 
organisms, particularly  Klebsiella  spp. Cases 
reported from outside that region were more 
likely to be caused by gram-positive organisms. 
Unusual organisms may be more likely to get 
reported, but Wong’s own case series considered 
all patients presenting with endogenous bacterial 
endophthalmitis and found that gram-negative 
organisms were responsible for 70% of infections. 
 Klebsiella  spp. accounted for about 90% of 

endogenous bacterial endophthalmitis cases from 
that region, and 80% of cases in that review were 
from East Asian hospitals. The reason for this 
apparent predisposition to  Klebsiella  endogenous 
bacterial endophthalmitis is not clear, but there is 
also a high incidence of  Klebsiella  liver abscesses 
in this population. Patients with  Klebsiella  liver 
abscess have a 3% risk of developing endogenous 
bacterial endophthalmitis  [  29  ] . A comparable 
large series from North America found that only 
32% of cases were caused by gram-negative 
organisms  [  30  ] . Most cases of  Klebsiella pneu-
moniae  endophthalmitis also occur secondary to 
urogenital and respiratory tract infections or, less 
commonly, in association with brain abscesses or 
meningitis  [  28  ] . 

 Gram-positive organisms are responsible for 
40% of cases. The most common gram-positive 
organisms were  Staphylococcus aureus , group 
B  streptococci, Streptococcus pneumoniae , 
 Listeria monocytogenes ,  Nocardia asteroides,  
and group G  streptococci   [  4  ] . In the West, 
gram-positive organisms such as  Staphylococcus 
aureus  and  Streptococcus pneumoniae  are 
responsible for most cases  [  30  ] .  N. asteroides  
choroidal abscesses (Fig.  10.1a , b) may also be 
mistaken for fungal endophthalmitis or, alter-
natively, neoplastic choroidal metastases. All    
three conditions may have a similar fundal 
appearance, abnormal cells in the vitreous, and 
extraocular manifestations of disease. In this 
setting, transvitreal  fi ne needle aspiration of a 
choroidal abscess has been used to establish the 
diagnosis  [  31  ] .  

 Endogenous fungal endophthalmitis has 
emerged as a visually threatening complication 
in intravenous drug abusers and in patients with 
immune de fi ciency of various causes. In immu-
nocompromised patients, intraocular infection 
represents dissemination of invasive diseases 
caused by  Candida  species,  Aspergillus  species, 
 Fusarium  species,  Cryptococcus neoformans , 
 Pseudallescheria boydii ,  Coccidioides immitis , 
and others  [  32,   33  ] . Among these,  Candida  spe-
cies is the most common, and  Candida albicans  
is the most frequent cause and accounts for 
75–80% of cases of fungal endophthalmitis, fol-
lowed by  Aspergillus  infection. 
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  Candida albicans  is the most common cause 
of endogenous endophthalmitis. Other  Candida  
species such as  C. tropicalis ,  C. glabrata , and  C. 
parapsilosis , as well as other fungi such as 
 Aspergillus ,  Coccidioides ,  Cryptococcus , 
 Blastomyces , and  Sporothrix , also may cause an 
endogenous intraocular infection (Table  10.2 ) 
 [  34  ] . The prevalence of endogenous chorioretini-
tis and/or endophthalmitis in patients with 
 Candida  fungemia is reported to range from 2.8% 
to 45%  [  35  ] .  

 Risk factors    associated with intraocular 
 Candida  infection include  Candida albicans  spe-
cies’ multiple positive blood cultures, indwelling 

catheters, parenteral hyperalimentation, hemodi-
alysis, chronic exposure to antibiotics, immuno-
suppression, surgery, intravenous (IV) drug use, 
liver disease, malignancies, and states of debilita-
tion  [  36  ] . 

  Aspergillus  endophthalmitis, a relatively rare 
condition, has a devastating course, with blind-
ness as its usual outcome.  Aspergillus  endophthal-
mitis has been reported to occur following ocular 
surgery, trauma, and, less frequently, from 
hematogenous spread from extraocular sites. 
Disseminated aspergillosis occurs typically in 
patients with a compromised immune system 
related to organ transplantation, hematologic 
malignancy, or use of immunosuppressive agents 
 [  37  ] . In addition, there have been several case 
reports of  Aspergillus  endophthalmitis in intrave-
nous drug abusers  [  38  ] . The diagnosis of 
 Aspergillus  endophthalmitis should be enter-
tained in all patients with a systemic predisposi-
tion or  Aspergillus  disease elsewhere in the body. 
The help of ancillary investigations such as ultra-
sonography, lactate dehydrogenase activity of 
aqueous and serum, aqueous humor cytology, 
and fungal culture should be utilized to establish 
a diagnosis. 

  Cryptococcus  spores can survive up to 2 years 
in pigeon droppings. Spores gain access to the 
human body through inhalation. From the lungs, 
the fungus is disseminated hematogenously and 

  Fig. 10.1     Nocardia asteroides  choroidal abscesses. ( a ) 
Fundus photography demonstrating yellowish appearance 
of subretinal abscess with overlying retinal hemorrhages. 
Moderate vitritis and vasculitis are present. ( b ) Fundus 

photography demonstrating yellowish appearance of sub-
retinal abscess with overlying retinal hemorrhages. 
Moderate vitritis is present       

   Table 10.2    Causative organisms of endogenous end-
ophthalmitis   

 Bacteria  Fungi 
  Streptococcus  sp .    Candida albicans  
  Staphylococcus  sp.   Aspergillus  sp. 
  Clostridium septicum    Histoplasma  
  Bacillus aureus    Coccidioides  
 Coagulase-negative 
 Staphylococcus  

  Blastomyces  

  Escherichia coli    Cryptococcus  
  Klebsiella pneumoniae    Sporothrix  
  Serratia marcescens    Pseudallescheria boydii  
  Pseudomonas aeruginosa    Bipolaris hawaiiensis     
  Neisseria meningitidis  
  Listeria monocytogenes  
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preferentially affects the central nervous system. 
It is the most common cause of fungal meningi-
tis.  Cryptococcus  organisms reach the eye through 
either direct extension from the optic nerve sheath 
or hematogenously from a distant focus. 
Cryptococcal endophthalmitis is a rare condition 
that is most often diagnosed by examining enu-
cleated specimens or at autopsy  [  39  ] . 

  Coccidioides  endophthalmitis results from 
the inhalation of  C. immitis  arthroconidia, which 
are found in the dust of endemic areas such as 
the San Joaquin Valley of central California, 
Arizona, New Mexico, Texas, and in parts of 
Venezuela, Honduras, and Colombia. Agricultural 
workers and construction crews are at particular 
risk. In most patients, the inhalation of the spores 
leads to a self-limited respiratory disease. In a 
few patients who are reexposed to the fungus, a 
chronic respiratory disease ensues. Hematogenous 
dissemination to the eye can occur in both 
immunocompetent and immunocompromised 
patients  [  40  ] .  

   Clinical Findings 

 A high degree of suspicion is necessary to make 
an early diagnosis of endogenous endophthalmi-
tis. Blurred vision is the most common symptom 
at presentation, occurring in 94.3% of patients. It 
has been suggested that pain is an important indi-
cator of endophthalmitis, but only 74.3% of 
patients presented with pain, indicating that the 
absence of pain does not rule out the diagnosis of 
endophthalmitis. Hypopyon (Fig.  10.2a, b ) is the 
most common sign of endophthalmitis, occurring 
in 85.7% of patients; but as is the case with pain, 
its absence does not preclude the diagnosis of 
endophthalmitis. Poor media clarity is the next 
best indicator, with 79.1% of patients having no 
view of any retinal vessels and 68% having no 
red re fl ex. Second-order retinal vessels were seen 
in only 10% of patients. Earlier signs include 
retinal changes such as Roth’s spots and retinal 
periphlebitis. Slit lamp examination and ocular 
ultrasonography should be performed to look for 
anterior vitreous haze echoes and retinochoroidal 
thickening. Patients who present at a later stage 

in the disease may have obvious signs such as 
chemosis, proptosis, and hypopyon.  

 Endogenous bacterial endophthalmitis gener-
ally occurs within a week after the onset of sys-
temic illness, but may occasionally develop a 
month or more after the onset of sepsis  [  28  ] . The 
systemic symptoms of sepsis are often nonspeci fi c 
and include malaise, nausea, loss of appetite or 
weight, and abdominal discomfort. Endogenous 
bacterial endophthalmitis may be classi fi ed as 
anterior, posterior, or panophthalmitis. The ante-
rior and posterior forms may further be subdi-
vided into focal or diffuse  [  10  ] . Anterior focal 
disease, where the infection is con fi ned to one or 
more discrete foci that may appear as iris nodules 
or microabscesses, is rare. The anterior segment 
in fl ammation is mild to moderate. In the diffuse 
type, the in fl ammation tends to be more severe, 
with chemosis, lid swelling, corneal edema,  fi brin 
in the anterior chamber, and hypopyon. The 
intraocular pressure (IOP) is often elevated. 

 Posterior focal disease manifests as whitish 
nodules or plaques, usually in the choroid, that 
rapidly involve the retina. Infections caused by 
gram-positive organisms such as  Staphylococcus 
aureus  may be multifocal, associated with Roth’s 
spots and retinal vasculitis, and tend to be severe 
(Fig.  10.3a, b, c ). Gram-negative infections usu-
ally cause a single large choroidal abscess involv-
ing the posterior pole. There may only be minimal 
injection of the conjunctiva with a relatively clear 
cornea and mild to moderate anterior chamber 
reaction.  

 Diffuse disease is a more severe condition char-
acterized by intense vitreous in fl ammation, which 
usually obscures the fundus. This may arise from 
virulent organisms such as Group B  Streptococcus  
or from posterior focal infection, especially if these 
are misdiagnosed as autoimmune uveitis and treated 
with periocular steroid injections. Perivascular hem-
orrhages, in fl ammatory in fi ltrates, and arterial 
emboli  [  41  ]  have been noted in cases where the 
fundi could be visualized. Ultimately, retinal necro-
sis occurs. Globe perforation may occur at the site 
of an abscess, especially if the infection is accompa-
nied by a marked rise in IOP. In panophthalmitis, 
the infection involves the entire globe and may 
spread to the orbital tissues resulting in lid edema, 
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chemosis, proptosis, and limited ocular movements. 
This may be caused by  Klebsiella  (Figs.  10.4  and 
 10.5 ) and  Pseudomonas  species.   

 O’Day and colleagues outlined three features 
common to cases of exogenous  B. cereus  
endophthalmitis. Firstly, there was a penetrating 
injury with vitreous involvement. Secondly, per-
foration was caused by a low velocity metallic 
fragment. Finally, there was the possibility of soil 
contamination. The interval between injury and 
deterioration of vision was typically less than 
48 h. Severe pain often develops within 24 h. This 
occurs in conjunction with a drastic reduction in 
visual acuity, chemosis, periorbital swelling, and 
proptosis. Classically, a corneal ring abscess 
develops in association with the reduction of 
vision. Some authors have indicated that this is 
pathognomonic; however, it has been described in 
other cases of endophthalmitis including those 
caused by  Pseudomonas  and  Proteus  species  [  42  ] . 

The other important distinguishing feature is that 
 B. cereus  endophthalmitis often produces associ-
ated systemic symptoms. The patient develops 
fever, leukocytosis, and malaise. 

  Candida  chorioretinitis is the most common 
cause of endogenous endophthalmitis with a 
characteristic clinical ocular appearance. 
Endogenous  Candida  endophthalmitis often 
starts as a focal choroiditis, and then the infection 
spreads into the retina and breaks into the vitre-
ous. The presence of white vitreous opacities 
forming a string-of-pearls appearance is a very 
typical feature (Fig.  10.6a, b ). Among the mecha-
nisms postulated to explain the predilection of 
 C. albicans  to infect the eye is the ability to form 
germ tubes in serum that embolize and lodge in 
the choriocapillaris.  

  Aspergillus  infections of ophthalmic interest 
usually cause keratitis or orbital cellulitis, and 
less commonly conjunctivitis and canaliculitis. 

  Fig. 10.2     Candida  endophthalmitis. ( a ) Clinical features of a 22-year-old woman with endogenous endophthalmitis. 
Marked intraocular in fl ammation with hypopyon and conjunctival congestion. ( b ) Anterior focal endophthalmitis       

  Fig. 10.3    ( a )  Staphylococcus aureus  abscess diagnosed by transvitreal biopsy. ( b )  Staphylococcus aureus  abscess in 
the contralateral eye. ( c )  Staphylococcus aureus  abscess in the contralateral eye resolved after antibiotic treatment       
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 [  43  ]  On review the authors found that the pre-
senting complaint in the cases reported so far was 
a diminution of vision in 16 cases, a red eye in 
seven, ocular pain in four, and acute proptosis in 
two. Clinically, 12 cases presented with signs of 
iritis,  fi ve of whom had a hypopyon, and 18 
showed marked chorioretinitis. A yellowish white 
mass with an abscess in the posterior segment 
was seen in 15 cases, while super fi cial retinal 
hemorrhages were present in three and a retinal 
detachment was observed in four. One case  [  44  ]  
presented with an anterior chamber mass, quite 
akin to the picture presented in the left eye by the 
same patient. 

  C. neoformans  usually presents intraocularly 
as a multifocal chorioretinitis characterized by 
discrete yellow-white lesions of different sizes 
 [  39  ] . The in fl ammatory reaction is somewhat 
mild, in contrast to  Candida  or  Aspergillus . 
Retinal vessels may be sheathed, and vitritis of 
variable intensity may develop  [  45  ] . Retinal 
necrosis accompanied by retinal hemorrhage and 
exudative retinal detachments also have been 
known to occur. If the central nervous system is 
involved, papilledema is present. A mild 
in fl ammatory reaction is usually present in the 
anterior segment. 

 In  Coccidioides  endophthalmitis, the uvea is 
the most common site of intraocular infection 
 [  46  ] . A granulomatous uveitis can ensue, with 
mutton-fat keratic precipitates and iris nodules 
with or without posterior involvement. Multifocal 
choroiditis with small yellow-white lesions 

  Fig. 10.4     Klebsiella pneumoniae  endophthalmitis. 
Fundus photo depicting a unilateral subretinal mass at the 
posterior pole       

  Fig. 10.5    Same patient as in Fig.  10.4 . The unilateral 
mass has resolved after treatment       

  Fig. 10.6    Same patient as in Fig.  10.2a  with  Candida  
endophthalmitis. ( a ) Fundus photography shows a central 
macular yellow-white preretinal abscess or “ fl uffy ball” 

extending into the vitreous chamber. Vitreous chamber haze 
resulted in reduced fundus view. The retina was attached. 
( b ) Snow balls in the inferior periphery of the same patient       
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 measuring less than a disk diameter in size and 
most commonly located in the peripapillary area 
has been described. Occasionally, vascular sheath-
ing, vitreous haze, serous retinal detachment, and 
retinal hemorrhage may also be seen  [  47  ] .  

   Diagnosis 

 In addition to initial diagnostic laboratory tests, 
testing for HIV infection should be considered in 
otherwise healthy persons with endophthalmitis. 
Routine radiographs may reveal a primary pul-
monary infection. Echocardiography is also war-
ranted to assess the possibility of endocarditis. 
Other tests like chest radiographs, echocardiog-
raphy, and ultrasonography or computed tomog-
raphy (CT) scan of the abdomen may be useful to 
help locate the source of infection. In addition, a 
Gallium-67 scan may help to reveal foci of 
in fl ammation  [  48  ] . Computed tomography and 
magnetic resonance imaging of the orbits have 
been proposed both for the diagnosis as well as 
monitoring of response to treatment of endoge-
nous bacterial endophthalmitis in eyes with 
opaque media. However, this may not be an eco-
nomically viable option in developing countries, 
and ultrasonography is an equally sensitive and 
speci fi c but more cost-effective diagnostic imag-
ing tool  [  49  ] . Cultures obtained from blood 
(72%), urine (28%), and cerebrospinal  fl uid 
(50%) allow for early and reliable identi fi cation 
of microorganisms in at least 80% of cases of 
endogenous bacterial endophthalmitis  [  30  ]  and 
should preferably be obtained before initiation of 
antibiotic therapy. 

   How to Culture 

 When any type of endophthalmitis is suspected, 
intraocular cultures and gram stains should be per-
formed. Both vitreous and aqueous humor from 
the anterior chamber should be cultured because 
occasionally organisms are isolated from one but 
not the other. Aqueous material can be obtained 
with a 5/8-in. 30-gauge needle attached to a tuber-
culin syringe through a limbal stab incision, and 

0.1–0.2 ml of  fl uid should be aspirated (Fig.  10.7 ). 
Vitreous biopsy is best performed via a 25-gauge 
transconjunctival sutureless pars plana one-, two-, 
or three-port vitrectomy (Figs.  10.8 ,  10.9 , and 
 10.10 )  [  50  ] . A single-port vitreous biopsy can be 
performed in the of fi ce with a 23-gauge vitrec-
tomy probe. If an automated vitrectomy probe is 
not available, a biopsy specimen of the vitreous 
can be obtained with a 5/8- to 1-in., 25–27-gauge 
needle attached to a tuberculin syringe. Use of a 
vitrectomy probe probably results in less vitreo-
retinal traction than aspiration with a syringe, and 
it does not increase the likelihood of obtaining 

  Fig. 10.7    Aqueous material can be obtained with a 5/8-
in. 30-gauge needle attached to a tuberculin syringe 
through a limbal stab incision, and 0.1–0.2 ml of  fl uid 
should be aspirated       

  Fig. 10.8    After insertion of the  fi rst microcannula, the 
infusion cannula is directly inserted into the external 
opening of the microcannula. The infusion cannula should 
be close (turned off), and two other microcannulas are 
inserted in the superotemporal and superonasal quadrants       
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false-positive culture results  [  51  ] . Vitreous speci-
mens (0.1–0.2 mL for aspirate, 0.5 mL for vitrec-
tomy probe–assisted vitreous biopsy, 1 mL for 
three-port vitrectomy) should be sent to the labora-
tory undiluted to increase the yield. If a two- or 
three-port vitrectomy is done, one should consider 
submitting the cassette  fl uid for culture.      

   Polymerase Chain Reaction 

 Polymerase chain reaction (PCR) is becoming 
increasingly utilized in the diagnosis of 
endophthalmitis and has a number of potential 
advantages  [  52  ] . PCR greatly ampli fi es the quan-
tity of bacterial DNA available for analysis, and 

this may enable the detection of a single organ-
ism  [  53  ] . The process of DNA replication can 
also be performed within a few hours. 

 Although PCR is a rapid and highly sensitive 
test, it also has disadvantages. The high sensitivity 
may lead to false-positive results, and specimens 
need to be carefully collected and processed to 
avoid exogenous or cross-contamination. False-
negative results are also possible, particularly with 
unusual organisms  [  54  ] . Careful control experi-
ments are therefore required if the results of PCR 
are to be meaningful. PCR may be used to rapidly 
establish the presence of bacterial infection but 
may take 48–72 h for  fi nal species identi fi cation 
 [  55  ] , and unlike traditional culture techniques, it 
does not detect the ability of an organism to repli-
cate, or its antibiotic sensitivity. In addition, PCR 
is not yet routinely available and is of limited use 
in mixed infections. For these reasons, PCR is 
likely to become a useful adjunct to microbiology 
and culture, rather than replacing it.   

   Treatment 

 A patient with hand motions or better vision 
should have an immediate tap or biopsy, followed 
by injection of antibiotics. It is reasonable to 
perform vitreous taps because they can be done 
more quickly, decreasing delay in administration 
of antibiotics. Specimens should be obtained 

  Fig. 10.9    A 10-ml syringe is spliced via a three-way 
stopcock into the aspiration line. The vitrectomy hand-
piece is placed in mid-vitreous cavity with the infusion 
turned off. Automated cutting and manual aspiration of 

the vitreous without concurrent infusion is then per-
formed. The vitrector is withdrawn from the eye, and the 
vitreous specimen is aspirated into the syringe       

  Fig. 10.10    At least 1 ml of undiluted vitreous is aspirated 
into the collection syringe and distributed for studies       
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from both the vitreous and the anterior chamber. 
If an adequate specimen is not obtained, vitreous 
biopsy should be performed. Undiluted vitreous 
provides the best specimen for cultures, but a 
specimen should also be obtained from the ante-
rior chamber because 4.2% of patients in the 
Endophthalmitis Vitrectomy Study (EVS) had 
positive cultures from an anterior chamber speci-
men only  [  56  ] . 

 Patients with light perception vision should 
have immediate vitrectomy. At the beginning of 
the procedure, a 0.3–0.5-mL specimen of undi-
luted vitreous should be obtained. After turning 
on the infusion, an anterior chamber tap should 
be done, and the specimens should be plated 
immediately. The vitrectomy is then completed. 
Often, there is a  fi brin membrane covering the 
anterior surface of an intraocular lens; it is neces-
sary to manipulate the vitreous cutter into the 
anterior chamber and remove the  fi brin mem-
brane, which can markedly improve visualiza-
tion. Once the vitrectomy is completed, the 
fundus should be examined with indirect oph-
thalmoscopy and scleral depression to rule out 
any retinal breaks. After closing the sclerotomies, 
antibiotics are injected.  

   Systemic Antibiotics 

 Prompt administration of antibiotic therapy is 
key in the acute management of endogenous 
endophthalmitis. This condition is particularly 
responsive to intravenous antibiotics. Systemic 
antibiotics also treat distant foci of infection and 
prevent continued bacteremia, thereby reducing 
chances of invasion of the unaffected eye. 
Intravenous benzylpenicillin is indicated in cases 
of suspected meningitis in children and young 
adults. Subsequent therapy can be tailored accord-
ing to culture and sensitivity results and response 
to treatment. In all cases, prolonged intravenous 
therapy is usually required for 2–4 weeks to 
ensure complete eradication of the systemic 
infection. Empiric broad-spectrum antibiotic 
therapy with vancomycin and an aminoglycoside 
or a third-generation cephalosporin is warranted 
(Table  10.3 )  [  57  ] .  

 Third-generation cephalosporins penetrate 
ocular tissues and are effective against gram-neg-
ative organisms. The nature of the clinical pre-
sentation, as well as the presumed (or con fi rmed) 
source of infection, can be used to guide the deci-
sion about which antibiotic to use. In cases of 
documented gastrointestinal or genitourinary 
infection, second- or third-generation cepha-
losporins and aminoglycosides are considered 
the drugs of choice. Vancomycin should be given 
to patients known to abuse drugs, covering the 
possibility of infection with  Bacillus . In the pres-
ence of wounds, oxacillin or a  fi rst-generation 
cephalosporin should be used. If the patient’s his-
tory, stains, or culture results suggest a fungal 
infection, amphotericin B,  fl uconazole, or itra-
conazole should be included in the regimen  [  57  ] . 

 Con fi rmation of a presumptive diagnosis of 
fungal endophthalmitis frequently implies a pars 
plana vitrectomy (Figs.  10.8 ,  10.9 , and  10.11 ). 
Vitrectomy has the advantage of eliminating 
microorganisms and in fl ammatory mediators 
from the vitreous cavity and provides material for 
microbiological examinations. Because patients 
frequently carry a variety of yeasts, culture from 
the ocular tissue is the only sure method of estab-
lishing the etiology of endophthalmitis.   

   Intravitreous Antibiotics 

 At the outset of the Endophthalmitis Vitrectomy 
Study (EVS), it was recognized that severe reti-
nal vascular nonperfusion could result from 

   Table 10.3    Treatment of endogenous bacterial 
endophthalmitis   

 • Admit the patient to the hospital 
 •  Broad-spectrum IV antibiotics including vancomy-

cin and an aminoglycoside or third-generation 
cephalosporin 

 •  Consider adding clindamycin in IV drug users until 
 Bacillus  infection can be ruled out 

 • Intravitreal antibiotics are indicated 
 • Cycloplegics may be administered 
 • Topical steroids may be considered 
 • Vitrectomy may be needed for virulent organisms 

   IV  Intravenous  
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intraocular injection of gentamicin and that the 
macula was frequently involved, resulting in 
severe loss of vision  [  58  ] . 

 The organizers of the EVS, however, appar-
ently believed that amikacin did not cause the 
same sort of toxicity, and, therefore, 0.4 mg of 
amikacin and 1 mg of vancomycin were selected 
for intravitreal injections. Other investigators 
believed that this was an assumption because ami-
kacin, like gentamicin, was known to have neuro-
toxicity, and amikacin had been implicated in 
cases of macular infarction  [  59  ] . The EVS orga-
nizers considered switching from amikacin to cef-
tazidime but decided against it because patients 
who developed macular infarction after intravit-
real amikacin had also received a subconjunctival 
injection of gentamicin, and they remained uncon-
vinced that amikacin was toxic  [  60  ] . Subsequently, 
several cases of unequivocal amikacin-induced 
retinal nonperfusion were reported, and it was 
demonstrated that decreased visual acuity could 
range from mild to severe, depending on the loca-
tion and amount of retinal nonperfusion  [  61  ] . 

 Some investigators continue to doubt the 
potential toxicity of amikacin apparently because 
in their personal experience they have never rec-
ognized such toxicity. They continue to use ami-
kacin and cite the results of the EVS to justify 
their position, because only one case of macular 

infarction was recognized out of 392 eyes treated 
with amikacin  [  62  ] . Based upon in vitro sensitiv-
ity studies in the EVS, ceftazidime was found to 
be equally ef fi cacious as amikacin  [  63  ] , and 
because ceftazidime has a better safety pro fi le, 
Campochiaro  [  64  ]  strongly recommends that cef-
tazidime be used instead of amikacin for intravit-
reous injections. 

 As the organisms that cause endophthalmitis 
and its virulence are not known, initially we 
always recommend taking a vitreous sample for 
culture and antibiogram; after that, we inject 
ample spectrum antibiotic combination in the 
cavity vitreous: vancomycin 1 mg in 0.1 ml + ami-
kacin sulfate 0.4 mg in 0.1 ml or vancomycin 
1 mg in 0.1 ml + ceftazidime sodium 2.25 mg in 
0.1 ml. Antibiotics are sometimes injected into 
the vitreous cavity as the only intravitreal ther-
apy, whereas on other occasions they are com-
bined with pars plana vitrectomy. 

 Given the low permeability of pigmented epi-
thelium to systemically administered drugs, intra-
vitreal antifungals are used in cases in which 
systemic treatment is ineffective or following 
procedures such as vitrectomy and vitreous tap. 
For antifungal treatment, we include intravitreal 
amphotericin B (5  m [mu]g/0.1 mL). Other pri-
mary antifungal treatments include intravitreal 
injection of voriconazole (100  m [mu]g/0.1 mL), 
intravitreal injection of  fl uconazole (10  m [mu]
g/0.1 mL), intravitreal injection of miconazole 
(25  m [mu]g/0.1 mL), and a combination of oral 
(amphotericin B 20 mg/day,  fl uconazole 400 mg/
day,  fl uconazole 200 mg/day, or itraconazole 
200 mg/day), topical, and subconjunctival anti-
fungal agents, up to 6 months for endogenous 
fungal endophthalmitis. Despite poor vitreous 
penetration, systemic therapy of amphotericin B, 
 fl uconazole, or itraconazole may help in endoge-
nous endophthalmitis. 

 The outcome of posterior diffuse endophthal-
mitis or panophthalmitis is frequently blindness, 
regardless of treatment measures. Vitrectomy and 
intravitreal antibiotics may, however, prevent 
ocular atrophy or the necessity for enucleation. 
Some damage may also be related to in fl ammatory 
mediators.  

  Fig. 10.11    Same patient as in Fig.  10.6 . After the undi-
luted sample is taken, the therapeutic three-port vitrec-
tomy can then be completed if necessary       
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   Corticosteroid Therapy 

 To reduce the destructive effect of the signi fi cant 
in fl ammation that coexists with infection in 
endophthalmitis, many ophthalmologists use sys-
temic, topical, subconjunctival, and intravitreal 
corticosteroids in combination with antibiotics, 
provided that no contraindications exist (e.g., 
diabetes mellitus, tuberculosis, fungal infection). 

 The use of intravitreal and systemic steroids in 
the management of endophthalmitis remains con-
troversial, with systemic steroids being contrain-
dicated in patients with inadequately controlled 
sepsis. Intravitreal steroids, however, may have a 
protective effect on the retina in curbing the 
severe in fl ammation induced by destruction of 
the bacteria within the eye  [  65  ] . 

 We commonly prescribe prednisone, 1 mg/
kg orally each morning for 3–5 days. In addi-
tion, we recommend intravitreal dexametha-
sone (400  m [mu]g/0.1 mL)  [  66  ] . It is given at 
the time of vitreous biopsy or vitrectomy. It is 
important to use preservative-free drugs to 
avoid potential retinal toxicity. Vancomycin, 
ceftazidime, and dexamethasone are physically 
incompatible and, if mixed in the same syringe, 
may precipitate. Therefore, separate slow injec-
tions to ensure proper mixing in the vitreous 
cavity are advised  [  67  ] .  

   Vitrectomy 

 The theoretical advantages of vitrectomy include 
removal of the infecting organisms, endotoxins, 
exotoxins, and vitreous membranes that could 
lead to retinal detachment, clearing of vitreous 
opacities, collection of abundant material for cul-
ture, and possibly better distribution of intravit-
real antibiotics. The disadvantages of vitrectomy 
include the added cost and inconvenience, and 
the risk of anesthetic and surgical complications, 
such as cataract formation. 

 The role and timing of vitrectomy remains 
unclear in endogenous bacterial endophthalmitis. 
Some reports suggest that combining medical 

therapy with early surgical intervention is 
bene fi cial  [  68  ] . Other studies found no signi fi cant 
bene fi t in performing vitrectomy  [  69  ] . However, 
all these studies have all been limited by the small 
number of cases and the variability with respect 
to multiple other factors including timing of sur-
gery and the offending organisms. Vitrectomy 
will be useful in posterior diffuse disease as ade-
quate material can be obtained for microbiology 
and it may have additional bene fi cial effects by 
reducing the number of organisms. Endogenous 
bacterial endophthalmitis complicated by retinal 
detachment is another indication for vitrectomy 
combined with scleral buckling. Silicone oil  fi ll 
is usually necessary in these eyes. However, oper-
ating on a severely in fl amed eye with an ischemic 
and necrotic retina increases the risk of hypotony, 
retinal breaks, and phthisis bulbi. When the infec-
tion has been controlled by systemic and or intra-
vitreal antibiotics, vitrectomy is also useful in 
removing residual vitreous opacity and hastening 
visual rehabilitation  

   Prognosis 

 The visual outcome of endogenous bacterial 
endophthalmitis has not improved in 55 years. 
Review of the literature from 1976 to 1985 
showed that 41% of patients had count  fi ngers 
vision or better, 26% were blind, and 29% 
required evisceration or enucleation  [  10  ] . Similar 
 fi gures were reported over the preceding 30 years 
 [  70  ] . Review of the literature since 1986 also 
indicates a poor outcome, with equivalent  fi gures 
of 32% (count  fi ngers vision or better), 44% 
(blind), and 25% (evisceration or enucleation). 
The studies that investigated prognostic factors 
in endogenous bacterial endophthalmitis (EBE) 
 [  11  ]  were retrospective, and although selection 
bias cannot be excluded, they identi fi ed several 
factors that adversely affect prognosis. These 
included delay in diagnosis  [  10  ] ; use of inappro-
priate antibiotics  [  71  ] ; diffuse infection of the 
vitreous and retina, or panophthalmitis; infection 
with virulent organisms  [  30  ] ; and gram-negative 
infection  [  70  ] . 
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 Fungal endophthalmitis may occur as a com-
plication of intraocular surgery; as a manifesta-
tion of systemic fungal infection, secondary to 
trauma; or as an extension of an adjacent focus of 
infection. Its diagnosis requires a high degree of 
suspicion. PCR testing may reduce the delay in 
making the diagnosis. The prognosis of fungal 
endophthalmitis depends on the virulence of the 
organism, the extent of intraocular involvement, 
and the timing and mode of interventions. Prompt 
therapy with systemic antifungals, pars plana vit-
rectomy, and intravitreal antifungals following 
early diagnosis helps to reduce signi fi cant visual 
loss in all forms of fungal endophthalmitis.  

   Controversies and Perspectives 

 Intravitreal antibiotic therapy has become a com-
monly utilized standard for endophthalmitis 
treatment  [  3  ] . The intraocular concentration of 
antibiotics after intravitreal injection is far greater 
than that achieved by any other modality  [  62  ] . 
Therefore, intravitreal antibiotics are the most 
important component of therapy in eradicating 
infection in an eye with endophthalmitis. In the 
EVS, all patients received intravitreal amikacin 
(0.4 mg/0.1 cc) and vancomycin (l.0 mg/0.1 cc), 
but other antibiotics combinations have been 
suggested. 

 In the treatment of endophthalmitis, intraocu-
lar vancomycin is considered to be the drug of 
choice for gram-positive organisms and is non-
toxic in the clinically recommended dose of 
1 mg/0.l cc  [  72  ] . In the EVS, all gram-positive 
organisms were susceptible to vancomycin, 
including methicillin-resistant  Staphylococcus 
aureus  (MRSA)  [  62  ] . Prior to vancomycin, cefa-
zolin was used as a  fi rst-line choice for the treat-
ment of gram-positive organisms, but frequent 
resistance to cefazolin made it a less desirable 
choice  [  73  ] . Among gram-positive organisms 
causing endophthalmitis, resistance to vancomy-
cin is rare. 

 Continued controversy remains regarding the 
best antimicrobial against gram-negative organ-
isms. Most clinicians have been using either an 
aminoglycoside, such as gentamicin or amikacin, 

or ceftazidime, a third-generation cephalosporin. 
Intravitreal aminoglycosides are a reported cause 
of macular toxicity  [  59  ] . Aminoglycoside-
induced macular infarction is thought to be par-
tially due to the gravity-induced settling of drugs 
on the macula in a supine patient. This may result 
in a higher concentration of drug locally at the 
macula  [  61  ] . 

 Ceftazidime has been suggested as an alterna-
tive antibiotic to cover gram-negative organisms 
because of its broad therapeutic index, lower risk 
for retinal toxicity, and its in vitro sensitivities 
that are as effective as the aminoglycosides. 

 The EVS found that only patients with percep-
tion of light or worse visual acuity bene fi ted from 
formal vitrectomy, although it should be noted 
that a signi fi cant selection bias existed in the EVS 
patients. All EVS patients also received intensive 
topical steroid and cycloplegia, and because 
signi fi cant anterior segment in fl ammation exists, 
higher doses of topical steroids are needed than 
would normally be given after cataract surgery. 
In fact the EVS visual results were even better 
than the Moor fi elds results quoted  [  74  ] , with 53% 
of patients achieving 6/12 or better and 74% 
achieving 6/30 or better  [  62  ] . This reinforces the 
fact that with prompt and effective treatment 
endophthalmitis patients can achieve a reason-
able result, and unless other contraindications 
exist, all patients should be given systemic ste-
roids. There has been one paper that reported 
poorer visual outcomes following the use of 
intravitreal steroids (albeit a retrospective review) 
 [  4  ] . If intravitreal steroids are contemplated, then 
the dosage typically recommended for dexame-
thasone is 0.4 mg in 0.1 mL  [  75  ] . 

 One author of a recent paper  [  76  ]  suggested 
the use of a 21-G needle, which might not leave a 
self-sealing wound via pars plana along with 
potential for vitreous incarceration. It is often 
possible to obtain an adequate sample using a 
23-G needle. Direct visualization of pars plana 
sampling as suggested by one author is also not 
necessary  [  76  ] . Most eyes do not require anterior 
chamber washout or other intraocular manipula-
tions that may delay the injection of the relevant 
antibiotics while a more complex surgical proce-
dure is organized. Similarly changing syringes to 
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inject antibiotics via the same needle can be tech-
nically dif fi cult, and it is typically easier to inject 
antibiotics as two separate injections. Half-inch 
27-G or 30-G needles are suf fi cient for this pur-
pose, and the shorter length means that damage 
to intraocular structures is less likely in a soft eye 
setting.  

   Focal Points 

    The outcome of endogenous endophthalmitis • 
can be optimized by maintaining a high index 
of suspicion, especially in susceptible patients. 
However, the possibility of endogenous 
endophthalmitis in healthy patients and iatro-
genic endogenous endophthalmitis also must 
be borne in mind.  
  Poor prognostic factors include infection by • 
more virulent organisms; poor host defense; 
misdiagnosis; and delayed, inappropriate, or 
inadequate treatment.  
  Prompt diagnosis and intensive intravenous • 
antibiotics are the most critical steps in the 
treatment of endogenous bacterial endophthal-
mitis. An important feature of this disease that 
needs emphasis is the potential risk to the 
unaffected eye. This means that intravenous 
antibiotics need to be administered very 
quickly, and patients should not be treated as 
if they have a unilateral eye problem.  
  Current recommendations for empirically • 
treating suspected bacterial endophthalmitis 
involve combination therapy targeting both 
gram-positive and gram-negative organisms. 
Therapeutic combinations of antibiotics 
should be tailored to the clinical scenario in 
which endophthalmitis develops and should 
target the most common causative organisms. 
Fungal therapy is considered when clinical 
history and ocular features justify this 
approach.  
  Due to the low permeability of pigmented epi-• 
thelium to systemically administered drugs, 
intravitreal antibiotics or antifungals are used 
in cases in which systemic treatment is inef-
fective or following procedures such as vitrec-
tomy and vitreous tap. Regarding optimized 

therapy in such patients, further studies are 
required.  
  Intravitreal therapy and vitrectomy are effec-• 
tive treatment modalities in fungal and bacte-
rial infections.         
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   Introduction 

 Sarcoidosis is a multisystem granulomatous dis-
ease, characterized by the presence of noncaseat-
ing granulomas in involved organs. The disease 
usually presents with bilateral hilar adenopathy, 

pulmonary in fi ltrates, and skin or eye involve-
ment. It affects people of all racial and ethnic 
groups, typically developing before the age of 
50 years, with a peak incidence at 10–39 years. 
The incidence varies widely among geographical 
regions, and it is highest in northern European 
countries (5–40 cases per 100,000 people). 
Sarcoidosis is approximately three times more 
common in black Americans than white Americans 
(35.5 cases per 100,000, as compared with 10.9 
per 100,000). A slight preponderance of cases in 
women is consistent in different ethnic groups 
throughout the world  [  1  ] . 

 The  fi rst case of the disease was described in 
1869 at the Blackfriars Hospital for Skin Diseases 
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by Jonathan Hutchinson  [  2  ] . Ocular involvement 
in sarcoidosis was  fi rst recognized by Schumaker 
in 1909. In the same year, the Danish ophthal-
mologist Heerfordt described uveoparotid fever 
(Heerfordt’s syndrome), which was later charac-
terized as a variant of sarcoidosis  [  3  ] . 

 The eyes and ocular adnexa are involved in up 
to 80 % of affected patients during the course of 
the disease and may even predate the develop-
ment of systemic signs of sarcoidosis. Uveitis 
precedes systemic disease in 30 % of cases. 
Although anterior segment involvement is more 
common (conjunctival granulomas, episcleritis, 
scleritis, nonspeci fi c conjunctivitis, anterior 
uveitis), posterior segment involvement, which 
may include vitritis, vasculitis, choroidal lesions, 
and optic neuropathy, has been reported to occur 
in nearly 30 % of the patients with ocular sarcoi-
dosis and may be accompanied by central ner-
vous system (CNS) disease  [  4,   5  ] .  

   Etiology 

 The etiology remains unknown, and the immune 
reaction in sarcoidosis is thought to be triggered 
by infectious organisms or exposure to environ-
mental substances. Susceptibility to the disease 
also depends on genetic factors. 

 Exposure to irritants found in rural settings—
such as tree pollen, insecticides, and emissions 
from wood-burning stoves—has been linked to 
sarcoidosis. Environmental exposure to certain 
elements (aluminum, beryllium, zirconium) is also 
thought to have a role in the pathogenesis of the 
disease. Several occupations have been associated 
with sarcoidosis, including  fi re  fi ghters, metal 
workers, service in the US Navy, and the handling 
of building supplies  [  6,   7  ] . 

 Some authors have identi fi ed antibodies to 
mycobacterial antigens in the serum of sarcoid 
patients. Detection of DNA from  Propionibacterium 
acnes  in lymph nodes of sarcoid patients has also 
been reported. Viruses,  Nocardia -like organisms, 
have been proposed as potential causative 
agents  [  8  ] . 

 Interferon-alpha, used in the treatment of dif-
ferent viral, autoimmune, and malignant diseases, 

has been implicated to induce systemic and  ocular 
sarcoidosis  [  9  ] .  

   Genetic Features 

 Although no formal twin study has been reported, 
the concordance of sarcoidosis seems to be 
higher in monozygotic twins than in dizygotic 
twins  [  1  ] . A signi fi cant elevated risk of the dis-
ease has been observed among  fi rst- and second-
degree relatives of sarcoid patients, particularly 
in Caucasians  [  10  ] . 

 Class I HLA-B8 antigens have been associated 
with sarcoidosis  [  11  ] . Several studies have also 
shown an association between HLA-DRB1 and 
the susceptibility and prognosis of the disease 
 [  12,   13  ] . 

 Genes encoding for tumor necrosis factor-
 a (alpha) (TNF- a ), interferon- g (gamma), and 
chemokine receptors have not been con fi rmed to 
be related to sarcoidosis  [  14  ] . 

 Two genome scans have been reported in sar-
coidosis: one in German families, reporting link-
age to chromosome 6, and the other in 
African-Americans, reporting linkage to chromo-
some 5  [  15  ] . 

 Most investigations suggest that genetic sus-
ceptibility to sarcoidosis is complex and poly-
genic in nature. Future studies on large, clinically 
de fi ned cohorts may help elucidate the genetic 
impact on sarcoidosis  [  16,   17  ] .  

   Immunopathogenesis 

 Sarcoidosis is a chronic granulomatous condition 
characterized by the presence of noncaseating 
granulomas. Histologically, epithelioid cells, 
radially arranged, with pale-staining nuclei, 
enclose the inner circle. A few multinucleated 
cells are present, and activated T cells surround 
the outer border of the granuloma (Figs.  11.1  and 
 11.2 ).   

 There have been remarkable advances in the 
past few years in understanding general immuno-
logic and molecular aspects of the mechanisms 
leading to granuloma formation in sarcoidosis. 
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A cardinal feature is the presence of CD4+ 
T cells that interact with antigen-presenting cells 
to initiate the formation and maintenance of the 
granulomas  [  18  ] . The disease may be manifest 
clinically by an inverted CD4/CD8 ratio. 
Activated CD4+ cells differentiate into type 1 
helper T cells and secrete interferon- g (gamma) 
and IL-2, augment macrophage TNF- a (alpha) 
production, and amplify the local cellular immune 
response. TNF receptors are also increased. There 
is also evidence of B cell hyperreactivity and 
immunoglobulin production  [  19,   20  ] . 

 The evolution of the granuloma results from a 
complex interplay between diverse cells types, 
chemokines and cytokines. The ef fi ciency of 
antigen processing, presentation, and cytokine 
release is probably under the in fl uence of differ-
ent genes. Sarcoidal granulomas may persist, 
resolve, or lead to  fi brosis  [  20  ] .  

   Diagnosis 

 The diagnosis of sarcoidosis may be challenging 
in some cases, due to the wide variety of presen-
tations affecting different organs. A de fi nite diag-
nosis is established on the basis of compatible 
clinical and radiologic features, supported by his-
tological evidence of noncaseating granulomas 
on biopsy of involved organs. Material for biopsy 
can be collected from the lungs, hilar and periph-
eral lymph nodes, liver, skin lesions, conjunctiva, 
and salivary and lacrimal glands. Endoscopic 
ultrasound-guided,  fi ne-needle aspiration of 
intrathoracic lymph nodes has been reported to 
provide a diagnostic yield of up to 94 %  [  21,   22  ] . 
In some cases, physicians rely on less invasive 
blood and imaging studies to obtain a presump-
tive diagnosis of sarcoidosis  [  4,   5  ] . 

 Macrophages within sarcoidal granulomas 
produce angiotensin-converting enzyme (ACE), 
which has been shown to be elevated in approxi-
mately 60 % of patients with sarcoidosis. The 
test is not useful in patients taking ACE inhibi-
tors. Several series have shown that measure-
ment of ACE level alone has poor sensitivity and 
speci fi city as a diagnostic tool and is a poor ther-
apeutic guide. Romer et al. found it to be more 
frequently elevated in patients with chronic 
active sarcoidosis (duration more than 2 years) 
 [  23,   24  ] . 

 Serum lysozyme levels have been demon-
strated to have better sensitivity and speci fi city 
than ACE levels. Hosoya et al. studied 125 
patients with sarcoidosis, and serum lysozyme 
levels were elevated in 76 % of them  [  25  ] . 

 Bilateral hilar lymphadenopathy is the most 
frequent radiologic  fi nding in systemic sarcoido-
sis and may be found in 50–89 % of the cases by 
chest radiography. Chest computed tomography 
(CT) imaging has been shown to be helpful in 
patients with normal or equivocal chest X-rays 
(Fig.  11.3 ). Paratracheal, subcarinal, and periaor-
tic lymph node chains can be completely masked 
by large vessels and the trachea, and lymphade-
nopathy may be missed by chest X-rays alone. 
Moreover, chest CT is useful to rule out certain 
conditions and to guide bronchoscopy to obtain 

  Fig. 11.1    Conjunctival biopsy demonstrating noncaseat-
ing granuloma. A Langhans giant cell is present in the 
center of the granuloma       

  Fig. 11.2    Noncaseating granuloma in a patient with 
sarcoidosis       
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tissue for histopathologic analysis and de fi nite 
diagnosis  [  1,   26–  28  ] .  

 One of the most important conditions that may 
present with  fi ndings similar to ocular sarcoido-
sis is tuberculosis. Interferon- g (gamma) release 
assays, such as the QuantiFERON-Gold test, may 
help the clinician distinguish between the two 
entities  [  29  ] . 

 An International Workshop on Ocular 
Sarcoidosis, held in Japan in October 2006, aimed 
to reach a consensus on diagnostic criteria for 
intraocular sarcoidosis. A group of seven signs of 
intraocular in fl ammation were labeled as signs 
suggestive for the diagnosis, as follows:  [  30  ] 
    1.    Mutton-fat/granulomatous keratic precipitates 

and/or iris nodules (Koeppe/Busacca)  
    2.    Trabecular meshwork nodules and/or tent-

shaped peripheral anterior synechiae  
    3.    Snowballs/string of pearls vitreous opacities  
    4.    Multiple chorioretinal peripheral lesions 

(active and/or atrophic)  
    5.    Nodular and/or segmental periphlebitis and/or 

retinal macroaneurysm in an in fl amed eye  
    6.    Optic disk nodule(s)/granuloma(s) and/or sol-

itary choroidal nodule  
    7.    Bilaterality     

 The following investigations were considered 
important to support the diagnosis of sarcoidosis 
in patients presenting with suggestive signs  [  30  ] :
    1.    Negative tuberculin test in a patient who pre-

viously received bacillus Calmette-Guérin 
(BCG) or had a positive puri fi ed protein deriv-
ative (PPD) test in the past  

    2.    Elevated serum angiotensin-converting 
enzyme and/or elevated serum lysozyme  

    3.    Chest X-ray (presence of bilateral hilar 
adenopathy)  

    4.    Abnormal liver enzyme tests  
    5.    Chest CT scan in patients with a negative chest 

X-ray     
 The consensus conference in Japan also deter-

mined four levels of certainty for the diagnosis of 
ocular sarcoidosis. A prerequisite was that the 
diagnosis of all other causes of uveitis, particu-
larly tuberculosis, had been excluded. 

  De fi nite ocular sarcoidosis  was attributed to 
patients with a biopsy-supported diagnosis with a 
compatible uveitis. 

  Presumed ocular sarcoidosis  was considered 
for patients with a compatible uveitis, whose 
imaging studies showed the presence of bilateral 
hilar adenopathy, but no biopsy was performed. 

 Patients who had no biopsy performed and had 
no evidence of bilateral hilar adenopathy on chest 
X-ray but presented with three suggestive intraoc-
ular signs and two supportive investigations were 
labeled as  probable ocular sarcoidosis . 

 The  fi nal category,  possible ocular sarcoidosis , 
referred to patients with a negative lung biopsy 
who had at least four suggestive intraocular signs 
and at least two positive laboratory results.  

   Posterior Segment Findings 

 Posterior segment involvement has been observed 
in up to 30 % of patients with ocular sarcoidosis 
and may be the only manifestation of the condi-
tion in 11 % of cases. Studies have not shown a 
relationship between the severity of radiologic 
grading of pulmonary disease and the degree of 
ocular involvement  [  31  ] . 

 Posterior segment disease has been shown to 
be more common in whites. European studies 
have reported a higher incidence of posterior seg-
ment involvement when compared to series from 
the United States. This dissimilarity, however, 
has been related to different racial patterns among 
the studies, with European studies tending to 
include a higher proportion of white patients than 
American studies  [  32  ] . 

 The presence of posterior uveitis in patients 
with ocular sarcoidosis is one of the strongest 

  Fig. 11.3    Chest CT scan demonstrating paratracheal and 
hilar lymphadenopathy       
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parameters associated with a lack of visual acuity 
improvement (odds ratio, 8.33)  [  33  ] . 

 According to several studies, vitritis and vas-
culitis are among the most common posterior 
segment  fi ndings (Figs.  11.4 ,  11.5 , and  11.6 ). 
Vitreous opacities were  fi rst characterized by 
Landers in 1949, as grayish white bodies fre-
quently found in the inferior vitreous and occur-
ring in chains like a “string of pearls.”  [  34  ]     

 Segmental periphlebitis typically involves the 
midperipheral or peripheral venules, resulting in 

focal vascular narrowing. In more severe cases, 
patients may present with waxy, yellow, or white 
perivenous retinal exudates, described as “candle-
wax drippings” or “taches de bougie” (Figs.  11.7  
and  11.8 ). This  fi nding, although not pathogno-
monic, suggests the diagnosis of sarcoidosis  [  35  ] . 
There are reports of occasional occurrence of 
occlusive retinal vascular disease, particularly 
branch retinal vein occlusion  [  36,   37  ] .   

 The diagnosis of ocular sarcoidosis is particu-
larly challenging in patients with no evidence of 

  Fig. 11.4    Fundus photograph of the right eye showing 
vitritis and blurred optic disk margins due to an optic 
nerve granuloma       

  Fig. 11.5    Vasculitis and intraretinal hemorrhages       

  Fig. 11.6    Severe vasculitis extending to the periphery in 
a sarcoid patient       

  Fig. 11.7    Fundus photograph of the right eye demon-
strating blurred disk margins and areas of segmental 
periphlebitis and white perivenous retinal exudates       
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systemic disease who present with atypical 
 fi ndings. DeRosa et al. described a patient whose 
initial manifestation was a unilateral hemorrhagic 
retinopathy. The diagnosis of sarcoidosis in this 
particular patient was delayed for over a year, 
due to the atypical retinal  fi ndings and normal 
systemic work-up. Surgical enucleation of the 
eye once it was blind demonstrated a large nonca-
seating granuloma of the ciliary body, and 
in fl ammation and thrombosis of several large 
caliber retinal veins were found  [  38  ] . 

 Retinal neovascularization may also be seen, 
particularly in the periphery. It has been reported to 
occur in less than 5 % of patients with ocular sarcoi-
dosis but may be associated with prominent visual 
loss due to vitreous hemorrhage. The peripheral 
neovascular lesions may simulate a sea fan, as seen 
in sickle cell disease. Neovascularization of the disk 
may also develop, mainly in association with a 
branch or central vein occlusion  [  4,   35,   39  ] . 

 Two hypotheses have been proposed to explain 
the etiology of the proliferative changes seen in 
sarcoid uveitis. One theory is based on the idea 
that sarcoid granuloma and in fl ammatory cells 
may in fi ltrate the retinal vascular walls, causing 
vascular occlusion and retinal ischemia, being a 
predisposing factor for retinal neovasculariza-
tion. Another is that the development of neovas-
cularization is accelerated by severe in fl ammation 
in the eye. 

 Duker et al. reviewed the clinical features in 11 
eyes with retinal neovascularization secondary to 
sarcoid. In all cases, the new retinal vessels were 
associated with concomitant peripheral retinal 
capillary nonperfusion. The authors postulated 
that capillary nonperfusion secondary to micro-
vascular shutdown, rather than a direct effect of 
in fl ammation, was the stimulus for the formation 
of retinal neovascularization  [  40  ] . 

 Retinal arteriolitis has also been linked to sar-
coidosis, resulting in weakening of the arterial 
wall and ectasia. Systemic arterial hypertension 
appears to play a role in the pathogenesis of the 
ectasias by increasing the pressure on the arterial 
wall weakened by in fl ammation  [  41,   42  ] . 

 High-resolution optical coherence tomogra-
phy may be useful in the documentation of retinal 
granulomas, which may break through into the 
vitreous cavity, as demonstrated by Wong et al. 
(Fig.  11.9 )  [  43  ] .  

 The appearance of choroidal lesions is vari-
able, and they may mimic other conditions, such 
as ocular tuberculosis. Sarcoidosis may present 
as multifocal choroiditis, consisting of small, dis-
crete creamy lesions in the inferior or nasal 
periphery (Fig.  11.10 ). It may also mimic bird-
shot chorioretinopathy with larger, posterior, pale 
yellow-orange streaks.  

 Deeper chorioretinal lesions have also been 
described (Figs.  11.11  and  11.12 ). They can vary 
from large choroidal nodules simulating a metastatic 
tumor to small “Dalen-Fuchs-like” granulomas 

  Fig. 11.8    Fundus photograph of the left eye of the same 
patient, with similar  fi ndings       

  Fig. 11.9    Peripheral retinal granulomas       
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that also occur in sympathetic ophthalmia and 
Vogt-Koyanagi-Harada syndrome. These lesions 
might be vision threatening if located in the mac-
ular region.   

 Large nodular chorioretinal granulomas may 
be complicated by exudative retinal detachments, 
which appear to be an overlying detachment of 
the neurosensory retina  [  44  ] . An uncommon form 
of ocular sarcoidosis is a solitary choroidal gran-
uloma (Fig.  11.13 ). It can simulate a choroidal 
neoplasm, such as amelanotic melanoma, choroi-
dal metastasis, or lymphoma.  

 Watts et al. reported an unusual case of serous 
retinal detachment at the macula in a patient with 
a history of sarcoidosis, without any other ocular 
features  [  45  ] . 

 Salchow and Weiss described the case of a 
54-year-old Hispanic man, with biopsy-proven 
sarcoidosis, who was found to have multiple reti-
nal pigment epithelium (RPE) detachments on 
 fl uorescein angiography, con fi rmed by optical 
coherence tomography. The RPE detachments 
were followed for several years without any treat-
ment, and the visual acuity remained stable. It is 
uncertain whether the RPE detachments repre-
sented small inner choroidal granulomata, which 
could only be con fi rmed by histology  [  46,   47  ] . 

 Optic nerve involvement, in particular granu-
loma of the optic nerve head, has been reported to 
affect up to 7 % of patients with ocular sarcoidosis. 

  Fig. 11.10    Multifocal discrete creamy choroidal lesions       

  Fig. 11.11    Inferior atrophic choroidal lesions       

  Fig. 11.13    Fundus photograph of the right eye showing 
a solitary choroidal granuloma       

  Fig. 11.12    Multiple peripheral atrophic lesions in a 
patient with sarcoidosis       
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The condition can present as papilledema, sec-
ondary to increased intracranial pressure, papil-
litis, optic neuritis, and optic atrophy. The 
involvement may also be retrobulbar or chias-
matic. In this situation, progressive visual loss 
and visual  fi eld defect may occur, in the setting of 
a normal-appearing optic disk. Disturbance in 
color perception and contrast sensitivity is usu-
ally seen  [  48–  51  ] . 

 Posterior uveitis in sarcoid patients has been 
linked to CNS abnormalities in some studies. A 
study by Gould in 1961 showed a much higher 
rate of neurosarcoidosis in patients with fundus 
abnormalities when compared to all patients with 
sarcoidosis  [  52–  54  ] . However, Desai et al. did not 
disclose any evidence of CNS involvement by 
clinical examination and magnetic resonance 
imaging (MRI) scanning in a group of patients 
with choroidal granulomas. Therefore, it is unclear 
if routine neuroimaging should be advocated in 
patients with posterior segment disease  [  55  ] . 

 Some authors have implicated cystoid macular 
edema (CME) as a major cause of visual loss in 
ocular sarcoidosis. CME may occur as a result of 
chronic in fl ammation in association with anterior, 
intermediate, or posterior uveitis  [  56,   57  ] . Different 
utilization of ancillary tests among institutions, 
such as  fl uorescein angiography, could affect the 
detection rates of certain posterior segment  fi ndings, 
such as CME. A retrospective study by Khalatbari 
et al. found a higher rate of CME and worse visual 
acuity in females when compared to males. In the 
same study, patients older than 53 years were noted 
to have higher rates of CME compared to younger 
age groups  [  58  ] . 

 Fluorescein angiography (FA) results in sarcoi-
dosis are generally nonspeci fi c and similar to other 
in fl ammatory diseases of the eye. The study may 
show retinal neovascularization, hyper fl uorescent 
chorioretinal spots, leakage and late staining of the 
retinal vessels, cystoid macular edema, retinal 
nonperfusion, and optic nerve in fl ammation. 
A diagnosis of sarcoidosis-related granuloma can-
not be made solely on angiography. FA may be 
useful to monitor response to therapy in patients 
with neovascularization. 

 Altan-Yaycioglu et al. described FA  fi ndings 
in a series of patients with ocular sarcoidosis. 

Candle-wax drippings and vasculitis appeared 
hyper fl uorescent in the early phases, increasing 
in intensity through the late phases. Another 
patient, who presented with papilledema, showed 
bilateral papillary hyper fl uorescence in early 
phases, which increased in intensity through the 
arteriovenous phase  [  59  ] . 

 The clinical usefulness and relevance of indo-
cyanine green angiography (ICG) in the investiga-
tion of chorioretinal disorders was reviewed by 
Stanga et al. The authors did not recommend rou-
tine use of ICG in ocular sarcoidosis, because in 
most patients with retinal vasculitis, it did not pro-
vide additional information over FA. The group 
pointed that ICG may be helpful in monitoring the 
effect of treatment in some patients  [  60  ] . 

 Nevertheless, a study by Wolfensberger et al. 
described ICG  fi ndings in a series of 19 patients 
with posterior ocular sarcoidosis. All patients 
were found to have choroidal involvement by 
ICG, but eight of them had no clinical or FA evi-
dence of retinal involvement. Four distinct ICG 
features were described, as follows:  [  61  ] 
    1.    Hypo fl uorescent dark dots with an irregular 

zonal distribution  
    2.    Fuzziness of the choroidal vasculature  
    3.    Late diffuse hyper fl uorescence  
    4.    Focal pinpoint hyper fl uorescent spots appear-

ing in the later phases of angiography     
 The  fi rst three features have been described in 

conditions such as sympathetic ophthalmia, bird-
shot chorioretinopathy, multiple evanescent 
white-dot syndrome, and Vogt-Koyanagi-Harada 
disease   . Choroidal vessel fuzziness is believed to 
represent choroidal vasculitis, as it was observed 
near zones of active in fl ammation  [  59  ] . The last 
feature might be rather speci fi c for sarcoidosis, as 
it was not found in seven patients with ocular 
in fl ammation in whom sarcoidosis had been 
excluded  [  61  ] . 

 Choroidal lesions can underlie sarcoidosis even 
in the absence of fundoscopic changes. Machida 
et al. described a 20-year-old woman diagnosed 
with ocular sarcoidosis with choroidal  fi lling delay, 
manifested as punctate hypo fl uorescence in the 
early phases of ICG, without accompanying fun-
doscopically detectable retinal lesions or retinal 
functional disturbance  [  62  ] .  
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   Management 

 Systemic corticosteroids are the mainstay of 
treatment of posterior uveitis in sarcoid patients. 
They inhibit the in fl ammatory process by sup-
pressing the arachidonic acid metabolism and 
activation of complement. 

 Depending on the severity of the disease, oral 
prednisone is started at an initial dose of 1 mg/kg/
day for 8–12 weeks, followed by a slow taper 
over few months to establish the minimal effec-
tive dose. In some cases, intravenous high-dose 
methylprednisolone therapy may be necessary. 

 A meta-analysis of randomized, controlled 
clinical trials of systemic steroid therapy in pul-
monary sarcoidosis failed to show alteration on 
long-term disease progression, but there was 
radiologic improvement following 6–24 months 
of treatment and a small improvement in vital 
capacity and diffusing capacity  [  63  ] . It is unclear 
if the absence of long-term disease modi fi cation 
also applies to ophthalmic involvement, due to 
the lack of adequate studies. Moreover, in cases 
of chronic disease, prolonged corticosteroid ther-
apy is often poorly tolerated, necessitating other 
steroid-sparing medications. Alternative thera-
pies have therefore been sought  [  64  ] . 

 Methotrexate is the most common immuno-
suppressive agent used. It was introduced in 1958 
for the treatment of leukemia and acts as an inhib-
itor of dihydrofolate reductase, the enzyme 
responsible for the conversion of dihydrofolate to 
tetrahydrofolate. This process inhibits the produc-
tion of thymidylate, which is essential for DNA 
synthesis and cell division. The exact mechanism 
of methotrexate in ocular in fl ammatory diseases 
is not currently completely understood. It has the 
added bene fi t of potentially helping to control 
other systemic manifestations of sarcoidosis. In 
1999, Dev et al. reported the successful use of 
low-dose methotrexate in 11 patients with chronic 
sarcoid panuveitis. All patients showed response 
to the medication (de fi ned as an improvement in 
visual acuity or a decrease in in fl ammation), 
although some required incrementally increased 
dosages before a response was achieved. The 
side-effect pro fi le was fairly mild and included 

mainly gastrointestinal symptoms  [  65  ] . Other 
series have also shown a high response rate with 
methotrexate in the management of ocular sarcoi-
dosis  [  35,   66  ] . 

 Whether methotrexate provides a better visual 
prognosis than that obtained with corticosteroids 
in patients with sarcoid-associated posterior 
uveitis is currently unknown, and randomized 
clinical trials are necessary to assess and com-
pare the outcomes. 

 Methotrexate has also been combined with 
azathioprine. The purpose of combination ther-
apy is to minimize the toxicity while increasing 
the immunosuppression by multiple mechanisms 
of action  [  5  ] . 

 Le fl unomide, an immunomodulatory drug that 
inhibits dihydroorotate dehydrogenase, with anti-
in fl ammatory effects, has been shown in small 
series to have similar ef fi cacy to methotrexate in 
ocular sarcoidosis and may be better tolerated in 
some patients  [  67  ] . 

 Mycophenolate mofetil, an immunosuppres-
sant which acts as a reversible inhibitor of inosine 
monophosphate dehydrogenase in purine biosyn-
thesis, has also been used in sarcoid patients. In a 
recent retrospective study by Bhat et al., it was 
shown to be effective in controlling sarcoidosis-
related ocular in fl ammation with a manageable 
side-effect pro fi le. The best corrected visual acu-
ity improved in all 14 eyes studied  [  68  ] . 

 Since tumor necrosis factor-alpha (TNF- a ) 
plays an important role in granuloma formation, 
agents that inhibit TNF- a (alpha) could poten-
tially be useful in treating sarcoidosis. However, 
etanercept, a biologic tumor necrosis factor 
antagonist, demonstrated disappointing results in 
chronic ocular sarcoidosis in a series by 
Baughman et al. It appeared not to be steroid 
sparing, and despite being well tolerated, it was 
not associated with a signi fi cant improvement of 
chronic sarcoid uveitis  [  69  ] . 

 Cases of refractory ocular sarcoidosis respon-
sive to in fl iximab, a monoclonal antibody to 
TNF- a (alpha), have been reported including res-
olution of retinal vasculitis and optic neuropathy 
 [  70,   71  ] . Another study by Baughman et al. 
enrolled seven patients with ocular sarcoidosis 
and persistent in fl ammation despite systemic 
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immunosuppressive therapy. All patients demon-
strated signi fi cant improvement in ocular 
in fl ammation with in fl iximab  [  72  ] . The molecular 
structure of in fl iximab allows it to initiate the 
classical complement pathway and cause cell lysis, 
which does not occur with etanercept. Moreover, 
in fl iximab may also lead to apoptosis of TNF-
expressing T cells and macrophages  [  73  ] . 

 In selected uveitic patients, bevacizumab may 
be an option for managing neovascularization. 
Among varied factors involved in sarcoidosis, 
vascular endothelial growth factor (VEGF) has 
been reported to be associated with prognosis in 
systemic disease. This knowledge was the basis 
of Kurup et al. in attempting anti-VEGF therapy 
in a sarcoid patient with prominent peripapillary 
neovascularization. The patient demonstrated 
dramatic resolution in the subretinal  fl uid and 
decrease in the intraretinal hemorrhage associ-
ated with the neovascularization over a period of 
a week  [  74  ] . 

 Photocoagulation has also been used in the 
treatment of neovascularization secondary to sar-
coidosis. Spalton et al. have emphasized that ocu-
lar in fl ammation should be well controlled before 
laser therapy is attempted  [  48  ] . 

 It has been suggested that intravitreal triamci-
nolone injections may be effective in controlling 
cystoid macular edema in patients with posterior 
uveitis. It has the advantages of achieving a high 
therapeutic drug level for maximal local anti-
in fl ammatory effects. Larsson et al. reported the 
clinical course of two patients with sarcoid uveitis 
and refractory macular edema, who improved 
only when intravitreal injections of triamcinolone 
were given. It was possible to discontinue sys-
temic treatment in both patients  [  75  ] . 

 Chan et al. reported a case of a 29-year-old 
man with retinal periphlebitis and retinal granu-
lomas that responded well to oral corticosteroids. 
The patient also had a choroidal granuloma, 
which grew slowly in size and threatened the 
fovea, despite systemic steroids. Intravitreal tri-
amcinolone acetonide (4 mg) was injected three 
times at 2-month intervals. The choroidal mass 
began to shrink after the second injection and 
became a scar, with no angiographic leakage. 
The patient’s visual acuity improved and remained 

stable during a 6-month follow-up period. Further 
studies are necessary to evaluate the long-term 
ef fi cacy of intravitreal triamcinolone in cases 
refractory to systemic therapy  [  76  ] . 

 Surgical interventions, such as vitrectomy for 
vitreous opacities, have been reported as 
bene fi cial in restoring vision, stabilizing vitreous 
in fl ammation, and reducing systemic corticoster-
oid requirements, in a small number of patients 
with refractory ocular disease  [  77  ] .  

   Controversies and Perspectives 

 The cause of sarcoidosis remains obscure, despite 
much research in the last few years. Several new 
agents with immunosuppressive properties have 
shown ef fi cacy and an acceptable side-effect 
pro fi le. However, the long-term impact of the 
new drugs in altering the course of sarcoidosis, 
particularly in ocular disease, remains unknown. 
Developing randomized, controlled trials to test 
and compare new therapies is paramount. 

 Future studies will help clarify and provide a 
better understanding of the genetics of sarcoido-
sis and allow for the development of new diag-
nostic, prognostic, and therapeutic modalities 
that may decrease systemic and ocular morbidity 
further.  

   Focal Points 

    Sarcoidosis is a multiorgan systemic disease • 
capable of producing a wide variety of ocular 
manifestations, being one of the greatest mim-
ickers in ophthalmology.  
  A combination of signs of intraocular • 
in fl ammation and systemic studies can be used 
for the clinical diagnosis of ocular sarcoidosis.  
  Posterior segment manifestations of the dis-• 
ease are numerous and may include vitritis, 
vasculitis, chorioretinitis, retinal neovascular-
ization, and the presence of granulomas in the 
retina, choroid, or optic nerve.  
  All sarcoidosis patients need comprehensive and • 
periodic eye examinations, as untreated ocular 
disease may lead to poor visual prognosis.  
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  Corticosteroids are the mainstay of treatment • 
of sarcoidosis. Alternative immunomodula-
tory therapies have been developed, but their 
impact on long-term disease progression 
remains unclear.         
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  12      Posterior Pole Manifestations 
of Behçet’s Disease       

     Pelin   Atmaca-Sonmez         and    Leyla   S.   Atmaca           

  Abstract 

 Behçet’s disease is among the chronic-relapsing, multisystemic 
in fl ammatory disorders that is characterized by obliterative vasculitis. The 
key clinical manifestations are recurrent oral aphthous ulcers, genital ulcers, 
uveitis, and skin lesions. The uveitis is recurrent and non-granulomatous, 
and most commonly panuveitis in type. Vitritis, retinal vasculitis, macular 
edema, retinitis, and retinal hemorrhages are common  fi ndings of ocular 
Behçet’s disease. The aim of the treatment in ocular Behçet’s disease is to 
achieve a rapid resolution of in fl ammation, reduce frequency and severity 
of attacks, and to avoid complications. There is not a standard treatment 
protocol. However, combination therapy is necessary in most cases.  

  Keywords 

 Behçet’s disease  •  Uveitis  •  Retinal vasculitis  •  Macular edema  •  Treatment  
•  Corticosteroids  •  Immunosuppressants      

   Introduction 

 Behçet’s disease (BD) owes its name to a Turkish 
dermatologist Hulusi Behçet, who described 
recurrent oral and genital ulcers and iridocyclitis 

as a separate clinical entity in 1937  [  1  ] , although 
symptoms similar to those of Behçet’s disease 
have been described as early as the time of 
Hippocrates and later by several others  [  2,   3  ] . 
The disease was later recognized to affect almost 
all systems or organs including pulmonary, gas-
trointestinal, genitourinary, nervous systems, as 
well as joints and large vessels, which suggests 
that it may rather be a syndrome than a disease. 
Nevertheless, the major characteristics of the dis-
ease is a systemic vasculitis with mucosa, skin, 
and eye being predominantly involved.  
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   Epidemiology 

   Prevalence and Incidence 

 Although found worldwide, BD has a distinct 
geographic distribution and is most prevalent 
along the ancient Silk Route, extending from 
Eastern Asia to the Mediterranean. Turkey has 
been reported to have the highest prevalence: 
80–420 cases per 100,000 population, followed 
by Japan: 7–8.5/100,000  [  4–  6  ] . Nevertheless, it 
should be noted that the study of Azizerli et al. 
from Turkey with the highest prevalence con-
sisted of the population aged 12 and older  [  4  ] . Its 
prevalence has been reported to be 2–30/100,000 
in the Asian continent and 0.1–7.5/100,000 in 
Europe and the USA  [  6  ] . While its prevalence in 
Germany was reported to be 20.75 per 100,000 
Turkish descendants, it was only 0.42 per 100,000 
German origin  [  7  ] . The incidence per 100,000 
inhabitants is reported to be 0.75–0.89 in Japan 
 [  8  ] , 0.24 in Northern Italy  [  9  ] , and 0.12–0.33 in 
the United States  [  10  ] . 

 Of all uveitis cases, BD constitutes 15.3% in 
Israel and around 20% in Japan  [  11–  13  ] .  

   Age of Onset 

 Most patients with BD  fi rst report their symp-
toms during the second or third decade of their 
life  [  14,   15  ] . However, juvenile onset is more 
common in countries with a higher prevalence 
of the disease  [  16,   17  ] .  

   The Gender Factor 

 Earlier studies from the Middle East and Turkey 
have shown a male preponderance contrary to the 
ones from Asia and the United States  [  7,   18  ] . 
Recent studies, however, suggest a more even 
male-to-female ratio  [  19  ] . The gender factor also 
seems to affect the clinical manifestations and 
prognosis. The disease has generally a more 
severe course in men with a younger age of 
onset.   

   Etiopathogenesis 

 Although the etiology is still unclear, some 
currently unknown triggering factor(s) in the 
presence of a genetic susceptibility seem to play 
a major role in the pathogenesis of BD. Recently, 
some authors suggest that BD is an auto-
in fl ammatory disorder  [  20–  23  ] . Whatever the 
triggering factor is, endothelium is the most 
likely target tissue with resulting vasculitis and/
or thrombosis as the consequences of in fl am-
mation. The quite frequent coexistence of throm-
bosis and arterial aneurisms implicates a primary 
vascular pathology rather than a major coagula-
tion defect in BD. Furthermore, many immuno-
logical abnormalities related with both innate and 
acquired immunity have been reported in BD, 
most of which still await for explanation, inter-
relation, and con fi rmation. The most closely 
associated risk factor for BD, and in some coun-
tries for disease severity, is human leukocyte 
antigen HLA-B51 and especially its allele HLA-
B51 01 positivity  [  24–  26  ] . The role of HLA class 
I antigens such as B51 is the presentation of 
endogenous antigens synthesized within the cell 
to CD8+ cytotoxic-suppressor T cells. It is not 
yet clear whether B51 is a marker of susceptibility 
or severity in BD. However, it must be empha-
sized that the presence of HLA-B51 is not enough 
to cause BD. Many people may have genetic 
predisposition, but relatively few develop the 
disease.  

   Clinical Features and Diagnosis 

 Although Behçet’s disease may affect almost any 
system of the body with exacerbations and remis-
sions of in fl ammation, the key clinical manifesta-
tions are recurrent oral aphthous ulcers, genital 
ulcers, uveitis, and skin lesions. 

 The diagnosis of Behçet’s disease may be 
challenging since there are no speci fi c laboratory 
tests and pathognomonic  fi ndings. In addition, 
the presentation and the course of the disease 
may vary due to ethnic, geographical, and indi-
vidual characteristics. It may be more dif fi cult to 
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diagnose incomplete or atypical forms. On the 
other hand, some of the symptoms may present 
later in the course of the disease which may chal-
lenge the diagnosis. Various sets of diagnostic 
criteria have been proposed, the two most com-
monly used ones being the criteria by the Behçet’s 
Disease Research Committee of Japan  [  27  ]  and 
the International Study Group Criteria for the 
Diagnosis of Behçet’s Disease  [  28  ] . The Behçet’s 
Disease Research Committee classi fi es the dis-
ease into complete and incomplete types accord-
ing to major and minor diagnostic criteria 
(Table  12.1 ). On the other hand, the diagnostic 
criteria of the International Study Group for 
Behçet’s Disease is brie fl y summarized in 
Table  12.2  and requires the presence of oral 
aphthous ulcers for the diagnosis. Although these 
criteria are primarily intended to de fi ne and clas-
sify Behçet’s patients for participation in research 
studies, their sensitivity and speci fi city are high, 
being 91% and 96% for The International Study 
Group for Behçet’s Disease and 92% and 89% 
for The Behçet’s Disease Research Committee 
criteria, respectively.   

  Recurrent oral ulcers  are reported in almost all 
patients and are the most common presenting 
feature of the disease  [  29  ] . Only the oral ulcers 
that recur at least three times over a 12-month 
period are considered as a manifestation of 
Behçet’s disease. A study showed that 52.2% of 
patients developed overt manifestations of 
Behçet’s disease at an average of 7.7 years after 
the onset of oral ulcers  [  30  ] . The frequency of 
recurrence was 9.8 times per year in progressive 
cases. 

  Genital ulcers  are larger, deeper, and more pain-
ful than oral ulcers. Unlike oral ulcers, they heal 
slowly and leave a scar due to associated necro-
tizing vasculitis. 

 The  skin lesions  seen in BD are erythema 
nodosum-like lesions, pseudofolliculitis, papulo-
pustular lesions, acneiform nodules in post-
adolescent patients not receiving corticosteroids 
observed by a physician, cutaneous hypersensi-
tivity, and thrombophlebitis which is usually 
found on the extremities. Other described skin 

lesions include pyoderma gangrenosum, Sweet’s 
syndrome, extragenital ulcers, purpura, erythema 
multiforme, and vesicles. The incidence of skin 
involvement varies greatly in the literature but is 
approximately seen in 80% of patients  [  21  ] . 

  Pathergy (cutaneous hypersensitivity)  is the 
upregulated in fl ammatory response to a minor 
trauma, is not unique to the skin, and can be 
observed in large vessels, joints, and eyes in 

   Table 12.1    The Behçet’s Disease Research Committee 
diagnostic criteria   

  Major  
 1. Recurrent oral aphthous ulcers 
 2. Skin lesions 
  Erythema nodosum-like lesions 
  Folliculitis, acneiform lesions 
  Thrombophlebitis 
  Cutaneous hypersensitivity 
 3. Genital ulcers 
 4. Ocular disease 
  Iridocyclitis 
  Posterior uveitis 
  Minor  
 1. Arthritis 
 2. Epididymitis 
 3.  Intestinal symptoms attributed to ileocecal ulcerations 
 4. Vascular symptoms 
 5.  Neurologic symptoms attributed to nervous system 

involvement 
  Complete type : The presence of all four major criteria 
  Incomplete type : 
 1. The presence of three major criteria 
 2. Two major and two minor criteria 
 3. Ocular disease plus one major criteria 
 4. Ocular disease plus two minor criteria 

   Table 12.2    The International Study Group for Behçet’s 
Disease diagnostic criteria   

 Recurrent oral ulceration 
  Plus 2 of : 
 Recurrent genital ulceration 
 Eye involvement  (anterior, intermediate, posterior 
uveitis)  
 Skin lesions (erythema nodosum, pseudofolliculitis, 
papulopustular lesions, acneiform nodules consistent 
with Behçet’s disease) 
 Positive pathergy test 
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Behçet’s disease  [  29  ] . Pathergy is tested using the 
“prick test” in which a 20-g needle is inserted 
5 mm obliquely into the skin of the forearm. The 
test is considered to be positive when sterile ery-
thematous papules or pustules that are a mini-
mum of 2 mm in diameter form 24 to 48 h later. 
A positive pathergy test is helpful in the diagno-
sis of Behçet’s disease since there are only a few 
other rare diseases with pathergy positivity; how-
ever, it is not 100% speci fi c or pathognomonic. 

 Recurrent nonmigrating and nondestructive 
arthritis episodes, mostly affecting the knees, 
ankles, wrists, and elbows, occur in approxi-
mately half of the patients with Behçet’s disease. 

  Vascular involvement : Vessels of all sizes in any 
organ or system can be affected, and the venous 
system is more commonly affected than the arte-
rial system. 

  Nervous system involvement  usually occurs late 
in the course of the disease and carries a poor 
prognosis. Central nervous system involvement 
is more common than the peripheral. The most 
common neurologic symptom in Behçet’s disease 
is headache, which is related to widespread 
vasculitis  [  31  ] . There are a variety of neurologic 
 fi ndings including pyramidal and extrapyramidal 
signs, cranial nerve palsies, seizures, venous 
sinus thrombosis, stroke, aseptic meningitis or 
meningoencephalitis, intracranial hypertension, 
vertigo, and hearing loss as well as psychiatric 
disorders  [  32  ] . 

  Gastrointestinal system involvement  also car-
ries a poor prognosis and presents as single or 
multiple erosions in any part of the gastrointestinal 
tract, most commonly at the ileocecal region. 

  Cardiac system involvement  in BD is rare; how-
ever, interatrial septum aneurysm, mitral valve 
prolapse, mitral regurgitation, and aneurysmal dila-
tations of sinus of Valsalva and ascending aorta 
are observed in higher incidences in the Behçet’s 
disease patients than in the normal subjects  [  33  ] . 
Pericarditis, coronary vessel thrombosis, endomyo-
cardial  fi brosis, and silent myocardial infarction 
may also be seen. 

  Pulmonary involvement  includes pulmonary 
artery aneurysm, pulmonary thromboembolism, 
infarct, pleural effusion, recurrent pneumonia, 
and pulmonary hypertension. 

 The  genitourinary system  may be affected as 
epididymitis, cystitis, urethritis, nephrotic syndrome, 
glomerulonephritis, or renal vein thrombosis.  

   Ocular Involvement 

 Behçet’s disease is characterized by recurrent 
attacks of intraocular in fl ammation, which 
resolve over several weeks. Uveitis in Behçet’s 
disease may be anterior, intermediate, posterior, 
or panuveitis, which is the most frequent type 
(around 60%) in both sexes  [  15  ] . Although various 
frequencies of ocular involvement have been 
reported, it is generally observed in more than 
50% of the patients with Behçet’s disease  [  21  ] . 
Ocular manifestations usually follow the onset of 
oral and genital ulcers by a few years  [  34  ] . Ocular 
involvement is bilateral in the majority of cases 
but may be asymmetrical. Males are usually more 
frequently involved, have an earlier disease onset, 
and have a more severe disease  [  15,   19  ] . 

 The uveitis is recurrent and non-granulomatous. 
Hypopyon, which is composed primarily of 
neutrophils, is termed as “hot” in the presence of 
ciliary injection and “cold” with no signs of 
ciliary injection. Hypopyon (Fig.  12.1 ), once 
considered a hallmark of Behçet’s disease, is seen 

  Fig. 12.1    Iridocyclitis with hypopyon       
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much less commonly than fundus lesions. It was 
noted in only 12% of 1,567 eyes  [  15  ] .  

   Posterior Segment Involvement 

 The incidence of posterior segment involvement 
is reported to be 50–93%  [  35  ] . In a study of 880 
patients with Behçet’s disease, vitritis and retinal 
vasculitis were the most common (89%)  fi ndings 
of uveitis  [  15  ] . Retinitis, also described as deep 
retinal exudates, was the second most common 
 fi nding of Behçet’s uveitis. While hypopyon, vit-
ritis, retinal vasculitis, retinitis, and retinal hem-
orrhages were more common in male patients, 
papillitis was more common in females. 

 Posterior segment examination may show a 
wide variety of  fi ndings:

    • Vitreous : Vitritis, haze, hemorrhage, posterior 
vitreous detachment, pars planitis (Fig.  12.2 )   
   • Retina : Edema, macular edema especially 
cystoid type, yellow-white exudates 
(Fig.  12.3 ), hemorrhage, retinal neovascular-
ization (Fig.  12.4 ), chorioretinitis, macular 
hole (Fig.  12.5 ), epiretinal membrane, exuda-
tive or tractional retinal detachment (Fig.  12.6 ), 
retinal pigment epithelial atrophy      
   • Optic disc : Optic nerve head edema, papille-
dema (Fig.  12.7 ), disc neovascularization 
(Fig.  12.8 ), optic atrophy (Fig.  12.9 )     
   • Vascular : Venous and capillary dilation, venous 
tortuosity (Fig.  12.10 ), sheathing (Fig.  12.11 ), 

  Fig. 12.2     Yellow-gray  exudates at the ora serrata       

  Fig. 12.3    Retinal edema and exudates       

  Fig. 12.4    Retinal neovascularization and proliferative 
changes       

  Fig. 12.5    Macular hole in a patient with Behçet’s disease       
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  Fig. 12.6    Tractional retinal detachment       

  Fig. 12.7    Papilledema due to Behçet’s disease       

  Fig. 12.8    Disc neovascularization       

  Fig. 12.9    Optic atrophy, ghost vessels, and retinal 
hemorrhages       

  Fig. 12.10    Venous dilation and increased tortuosity       

  Fig. 12.11    Vascular sheathing and optic atrophy       
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vasculitis, attenuated arteries, ghost vessels 
(Fig.  12.12 ), central or branch retinal vein 
occlusion, central retinal artery occlusion       
 Obliterative vasculitis (Fig.  12.13 ), which 

affects both arteries and veins, is characteristic 
in Behçet’s disease leading to retinal edema 
and retinal exudation. The recurrent nature of 
this condition leads to severe visual impair-
ment and irreversible alterations in the retina. 
Episodes of retinal vaso-occlusion may lead to 
areas of capillary non-perfusion which may 
result in retinal and/or disc neovascularization. 
Retinal vascular occlusion has been correlated 
with three main factors: vascular stasis, throm-

botic abnormalities, and vascular wall abnor-
malities  [  29  ] .  

 The effect    of obliterative vasculitis can be 
detected by color Doppler ultrasonography in 
patients with Behçet’s disease, which reveals 
signi fi cant reductions in the blood  fl ow values of 
the orbital arteries that are more evident in those 
with ocular involvement  [  36,   37  ] .  

   Fluorescein Angiography 

 Fluorescein angiography (FA) contributes greatly 
to the early diagnosis of the disease and is essen-
tial in the long-term care of the patients. 
Fluorescein leakage from retinal vessels and 
other signs of vasculitis may be seen before 
there are obvious ophthalmoscopic signs of 
vasculitis  [  35  ] . Dye leakage from the papillary 
and retinal capillaries (Fig.  12.14 ), vascular wall 
staining (Fig.  12.15 ), retinal vein and arterial 
occlusions, cystoid macular edema (Fig.  12.16 ), 
vascular remodeling as a result of capillary 
non-perfusion (Fig.  12.17 ), and retinal and/or 
disc neovascularization (Fig.  12.18 ) are well 
documented by FA.       

  Fig. 12.12    Optic atrophy, ghost vessels, and  fi brous 
proliferation       

  Fig. 12.13    Retinal hemorrhages and ghost vessels due to 
obliterative vasculitis       

  Fig. 12.14    Dye leakage from the papillary and retinal 
capillaries on  fl uorescein angiography       
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   Indocyanine Green Angiography 

 Although the retina is known to be the predomi-
nantly affected site of in fl ammation in posterior 
Behçet’s disease, studies on indocyanine green 
angiography (ICGA) strongly suggest choroi-
dal involvement shown by hyper- and/or 
hypo fl uorescent lesions, ICG leakage from 
choroidal vessels (Fig.  12.19 ), choroidal vascu-
lar wall staining, irregular ICG  fi lling of the 
choriocapillaris, and choroidal  fi lling defects 
(Fig.  12.20 )  [  38,   39  ] . ICGA may also give addi-
tional information on the optic nerve head.    

   Optical Coherence Tomography 

 Optical coherence tomography (OCT) is very 
useful in detecting and documenting the macular 
changes. Macular edema, especially cystoid 
type, is frequently seen in Behçet’s disease 
(Figs.  12.21  and  12.22 ). Chronic edema may 
lead to macular hole formation, and OCT is 
especially valuable in the follow-up and man-
agement of such conditions (Fig.  12.23 ), as well 
as documenting the ef fi cacy of treatment for 
macular edema  [  40  ] .     

  Fig. 12.16    Fluorescein angiography shows cystoid 
macular edema in a patient with Behçet’s disease       

  Fig. 12.17    Vascular remodeling on  fl uorescein angiog-
raphy: retinal telangiectasias, collateral venous channels, 
and dilated capillary nets, as a result of capillary non-
perfusion       

  Fig. 12.18    Dye leakage from disc neovascularization 
on  fl uorescein angiography       

  Fig. 12.15    Vascular wall staining on the superior 
arcuate vein and capillary dye leakage on  fl uorescein 
angiography       

 

 

 

 



23312 Posterior Pole Manifestations of Behçet’s Disease

   Other Ocular Manifestations 

 Scleritis, episcleritis (Fig.  12.24 ), recurrent 
conjunctivitis, conjunctival ulcers,  fi lamentary 
keratitis, marginal sterile corneal ulcers, and 
extraocular muscle paralysis may occur.   

   Complications 

 Recurrent attacks of in fl ammation lead to 
numerous intraocular complications. Posterior 
and/or peripheral anterior synechiae, cataract 
(Fig.  12.25 ) due to in fl ammation and/or 

  Fig. 12.19    Indocyanine green (ICG) leakage from 
choroidal vessels in early-phase ICG angiography       

  Fig. 12.20    Choroidal  fi lling defect in early-phase indo-
cyanine green angiography       

  Fig. 12.21    ( a ) Color fundus photography. ( b ) Fluorescein angiography. ( c ) Optical coherence tomography shows 
cystoid macular edema       
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 medication, iris atrophy, and secondary glau-
coma may develop. In the very late stages of the 
disease, an atrophic retina, optic atrophy, 
sheathed vessels, chorioretinal scars, and/or 
proliferative vitreoretinopathy (Fig.  12.26 ) are 
often observed. Neovascular glaucoma may 
occur in as many as 12% of patients and often 
results in phthisis bulbi  [  41  ] .    

   Histopathology 

 Histopathological studies    on eyes with Behçet’s 
disease showed a non-granulomatous uveitis 
and necrotizing, leukocytoclastic, and oblitera-
tive vasculitis, which affect arteries and veins 
of all sizes  [  42–  44  ] . Retinal detachment, and 
diffuse or focal in fi ltration of the choroid with 
in fl ammatory cells were detected. Immuno-
globulin and complement deposition in choroi-
dal veins have been reported  [  45  ] . During acute 
in fl ammation, there is severe vasculitis with 
marked in fi ltration of leukocytes in and around 
blood vessels. Retinal vessels have thickened 
basement membranes with swollen endothelial 
cells, which can lead to thrombus formation and 
vascular obliteration  [  46  ] . In addition, the iris, 

  Fig. 12.22    ( a ) Cystoid macular edema, disc hyper-
 fl uorescence and retinal vasculitis on  fl uorescein angiog-
raphy. ( b ) Cystoid macular edema on optical coherence 
tomography       

  Fig. 12.23    ( a ) Cystoid macular edema, ( b ) developed into full-thickness macular hole       
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ciliary body, and choroid show diffuse in fi ltration 
with neutrophils. In the late stages, there is pro-
liferation of collagen  fi bers, thickening of the 
choroid, formation of cyclitic membrane, and 
sometimes hypotonia and phthisis bulbi. 
Lymphocytic and plasma cell in fi ltration occurs 
during remission. Of all ocular tissues, the retina 
suffers the most damage.  

   Prognosis of Ocular Disease 

 Ocular and central nervous system involvements 
are the main prognostic determinants in Behçet’s 
disease  [  19  ] . The ocular in fl ammatory episodes in 
Behçet’s disease are characteristically associated 
with a sudden severe onset of visual loss that may 
gradually improve with remission. The severity 
and number of repeated in fl ammatory attacks 
involving the posterior segment determine the 
extent of permanent structural changes and the 
resultant rate of irreversible visual loss  [  15  ] . 
Therefore, anterior uveitis alone carries the best 
prognosis in ocular involvement. A study from 
1970 reported that 73% of patients with ocular 
disease developed permanent loss of vision within 
an average time of 3.5 years  [  47  ] . Similarly, another 
study from 1986 reported that 74% of treated 
patients lost useful vision 6–10 years after the onset 
of symptoms  [  48  ] . However, increased awareness 
of the disease, a more aggressive treatment 
approach, and the availability of several immuno-
suppressive agents seem to have improved the prog-
nosis of Behçet’s disease in the last decade  [  15,   48  ] . 

 The clinical course of the disease shows indi-
vidual variability even in the same family  [  49  ] . 
Nevertheless, male patients in general have a 
higher risk of eye involvement, younger age at 
disease onset, more severe disease, and a higher 
risk of visual loss compared to female patients 
 [  15,   19  ] . In Japan, more than 50% of male patients 
lose visual acuity to less than 0.1 in 5 years, but 
this is the case in only 10% of female patients 
 [  11  ] . Consequently, Behçet’s disease is the cause 
of blindness in about 12% of acquired blindness 
in adults in Japan. 

 In the majority of studies, early age at onset is 
found to be associated with a more severe disease 

  Fig. 12.24    Episcleritis       

  Fig. 12.25    Cataract and posterior synechia       

  Fig. 12.26    End-stage Behçet’s disease       
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regardless of the gender  [  50  ] . The frequency and 
severity of the attacks tend to diminish as the 
patients get older. 

 The role of HLA-B51 positivity and a positive 
family history on the prognosis of Behçet’s 
disease is uncertain. While some studies found 
poorer prognosis in HLA-B5-positive patients 
 [  7  ] , in other studies, neither HLA-B51 positivity 
nor a positive family history was found to be 
signi fi cant  [  50,   51  ] .   

   Juvenile Behçet’s Disease 

 The diagnosis of Behçet’s disease in children 
may be challenging due to the long interval before 
the onset of enough manifestations to satisfy the 
diagnostic criteria. The prevalence of juvenile 
Behçet’s disease and the rate of ocular involve-
ment range widely in published studies. 

 The clinical spectrum is similar to that of 
adults; however, the prevalence of certain mani-
festations varies: less genital ulceration, less 
vascular thrombosis, more gastrointestinal signs 
and symptoms, and more arthralgia have been 
observed in juvenile Behçet’s disease. Perianal 
aphthosis, reported in 7% of patients in one study, 
was suggested to be a speci fi c feature of juvenile 
Behçet’s disease  [  52  ] . Posterior uveitis was the 
most common ocular manifestation, detected in 
about 75% of the cases  [  53  ] . 

 The frequency and ocular prognosis of juve-
nile Behçet’s disease compared to adult cases 
vary among the studies. While some studies 
found ocular complications to be less frequent in 
juvenile cases  [  54,   55  ] , others found the contrary 
 [  16  ] . There are also con fl icting reports on the 
ocular prognosis in juvenile patients. Some stud-
ies report it to be better  [  16,   55,   56  ] , whereas in 
an international collaborative study of 86 cases of 
childhood Behçet’s disease, uveitis was reported 
to have a very severe course, especially in male 
patients  [  52  ] . 

 Common features of childhood Behçet’s 
disease reported by the majority of published 
studies are onset of uveitis in late childhood, 
occurrence of oral ulcers as the initial manifesta-
tion of the disease in the majority of patients, a 

high rate of family history, and male predomi-
nance  [  17  ] .  

   Pregnancy and Behçet’s Disease 

 The in fl uence of pregnancy on the clinical course 
of Behçet’s disease is quite variable between 
patients and even during different pregnancies in 
the same patient  [  57  ] . In patients with exacerba-
tion of the disease during pregnancy, it most 
commonly occurs during the  fi rst trimester  [  58  ] . 
A study that reviewed 31 Behçet’s patients who 
had 135 pregnancies found that remissions were 
signi fi cantly more frequent during both preg-
nancy and postpartum periods, while exacerba-
tions were observed only in one-sixth of the 
patients. However, pregnancy complications, 
cesarean section, and miscarriage rates were 
signi fi cantly higher in the study group  [  59  ] .  

   Differential Diagnosis 

 The differential diagnosis varies according to the 
systems involved. In the presence of uveitis, 
the key to diagnosis is to identify systemic 
 manifestations such as oral and genital ulcers and 
skin lesions. Recurrent oral aphtha is present in 
the vast majority of Behçet’s patients, and its 

   Table 12.3    Differential diagnosis of ocular Behçet’s 
disease   

 Ankylosing spondylitis 
 Reiter’s syndrome 
 In fl ammatory bowel disease 
  Crohn’s disease 
  Ulcerative colitis 
  Whipple’s disease 
 Sarcoidosis 
 Polyarteritis nodosa 
 Vogt-Koyanagi-Harada syndrome 
 Eales’ disease 
 Infectious diseases 
  Syphilis 
  Lyme disease 
  Tuberculosis 
  Acute retinal necrosis 
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presence is required according to the International 
Study Group for Behçet’s Disease. However, oral 
ulcers are very common in the general population 
and accompany many disorders. Therefore, not 
everyone who has had oral ulcers should be con-
sidered as having Behçet’s disease. Sarcoidosis 
and Reiter’s syndrome may also sometimes pres-
ent with oral ulcers. Table  12.3  summarizes the 
most possible diseases in the differential diagno-
sis of ocular Behçet’s disease (Fig.  12.27 ).    

   Management of Ocular Disease 

 The aim of the treatment in ocular Behçet’s dis-
ease is to achieve a rapid resolution of 
in fl ammation, reduce frequency and severity of 
attacks, and to avoid complications. There is not 
a standard treatment protocol since the extent and 
severity of the disease and patient response to a 
certain medication determine the treatment 
required. A combination therapy is necessary in 
most cases. The management of patients with 
Behçet’s disease should be in collaboration with 
other specialties, and systemic administration of 
drugs should be conducted in consultation with 
an internist. 

 For acute, isolated anterior segment 
in fl ammation, frequent topical corticosteroids 
and mydriatics may be adequate. Posterior 
 segment in fl ammation, however, is severe and 
progressive in the majority of patients and 

requires systemic treatment  [  60  ] . Mild posterior 
segment in fl ammation may be managed by sub-
Tenon’s capsule corticosteroid injections, partic-
ularly if the disease is unilateral. For severe, 
recurrent, or unremitting posterior segment 
in fl ammation, systemic corticosteroids should be 
given with an extremely slow taper. In the absence 
of response to systemic corticosteroids within 
2–3 months, either another type of medication 
should be added or treatment should be con-
verted to another medication  [  60  ] . In patients 
with severe  fi ndings or aggressive course of the 
disease, immunosuppressive or immunomodula-
tor therapy could be initiated immediately. 

 For patients with familial Behçet’s disease, 
poor ocular prognosis in a patient does not indi-
cate aggressive treatment in his/her sibling and 
that each sibling should be managed on an indi-
vidual bases  [  49  ] . 

   Medical Treatment 

   Colchicine 
 There is abnormal leukocyte migration in 
Behçet’s disease, and colchicine—a drug that 
inhibits such migration by binding tubulin and 
inhibiting cell division—is effective in control-
ling skin and joint in fl ammation. However, it is 
inadequate in suppressing active ocular 
in fl ammation  [  61  ]  and is used mostly to prevent 
recurrences of ocular in fl ammation. The optimum 
dosage of colchicine is 0.5–1.5 mg/day. The most 
common side effects of colchicine involve the 
gastrointestinal system with nausea, vomiting, 
abdominal pain, and diarrhea. It can cause bone 
marrow suppression. Therefore, all patients taking 
long-term colchicine require blood count moni-
toring. Colchicine can also cause hair loss, weak-
ness, nerve irritation, decreased fertility, and 
azoospermia.  

   Corticosteroids 
 Corticosteroids are still the  fi rst choice of treat-
ment in ocular Behçet’s patients to treat acute 
in fl ammation. Topical preparations are effective 
only for anterior chamber in fl ammation, while 
sub-Tenon’s capsule, intravitreal, and/or systemic 

  Fig. 12.27    Eales’ disease       
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corticosteroids are commonly used for posterior 
segment in fl ammation. Systemic corticosteroids 
could either be given as oral daily (1 mg/kg/day 
initial dose) or less preferably as bolus infusion. 
However, despite being effective in decreasing 
acute in fl ammation, systemic corticosteroids 
alone often fail to prevent recurrences and there-
fore are frequently used in combination with 
other medications. The major side effects of 
corticosteroids are elevated intraocular pressure, 
cataract, gastrointestinal ulceration, hypertension, 
diabetes mellitus, electrolyte abnormalities, osteo-
porosis, and reduced resistance to infections  [  60  ] .  

   Intravitreal Triamcinolone 
 Intravitreal triamcinolone acetonide (IVTA) has 
become a popular treatment and been reported to 
be effective in resolving the persistent CME and 
severe vitritis, as well as in preventing recur-
rences of resistant uveitis in patients with Behçet’s 
disease (Fig.  12.28 )  [  40,   62–  64  ] . However, the 
frequent side effects such as intraocular pressure 
elevation and cataract formation should be bal-
anced with its positive effects.   

   Cyclosporin A and Tacrolimus (FK506) 
 Cyclosporin A and tacrolimus (FK506) are the 
two immunophilin ligands in clinical use today. 
They act within T cells by binding to cytoplasmic 
receptors termed immunophilins, thereby 
 inhibiting the action of these cells and inducing a 
state of immunosuppression via a mechanism 

entirely separate from corticosteroids  [  60  ] . 
Cyclosporin A is a potent immunoregulator of 
the cellular immune response and has been found 
to be effective in controlling the intraocular 
in fl ammation in Behçet’s disease  [  65  ] . It is given 
as an initial oral dose of 5 mg/kg/day. In patients 
who respond well, the dosage is gradually reduced 
over 3 months to a maintenance level of 2 mg/kg/
day. For those who respond poorly, the tapering 
period can be extended. Cyclosporin A has also 
been found to reduce the number and severity of 
extraocular symptoms. However, it should be 
kept in mind that recurrences are very common 
with the cessation of cyclosporin A. 

 Tacrolimus, a natural metabolite of the bacte-
rium  Streptomyces tsukubaensis , is 10–100 times 
more potent as an immunosuppressive agent than 
cyclosporine on a weight-for-weight basis  [  66  ] . 
Tacrolimus is not commonly used in the treat-
ment of Behçet’s uveitis but has been reported to 
be effective in patients refractory to cyclosporin 
A  [  67  ] . It is used at doses of 0.03–0.08 mg/kg 
daily. The use of tacrolimus in the treatment of 
Behçet’s disease is yet to be fully established, but 
it is currently predominantly indicated for uveitis 
that is refractory to other medications  [  68  ] . 

 Side effects such as hepatotoxicity, nephro-
toxicity, hypertension, weakness, paresthesia, 
gastrointestinal manifestations, anemia, and 
gingival hyperplasia are seen with cyclosporin A 
and less with tacrolimus  [  69  ] . Combining low-
dose corticosteroid and low-dose cyclosporine 

  Fig. 12.28    ( a ) Cystoid macular edema and retinal vasculitis before intravitreal triamcinolone (IVTA). ( b ) Cystoid 
macular edema resolved completely 4 months after IVTA       
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may decrease the side effects of both drugs while 
maintaining their ef fi cacy.  

   Interferon- a (alpha) 
 Interferon- a (alpha), a naturally occurring 
cytokine, was  fi rst used in the treatment of 
Behçet’s disease due to its antiviral activity 
against herpes simplex virus 1. Although the role 
of herpes simplex virus type 1 in the pathogenesis 
of Behçet’s disease could not be proven, the 
immunomodulatory properties of interferon-
 a (alpha) such as decreasing the number of circu-
lating T cells, enhancing HLA-1 expression on 
peripheral monocytes from Behçet’s disease 
patients, and inhibiting T cell adhesion to 
endothelial cells in vitro lead to its use in the 
treatment of Behçet’s disease  [  70  ] . 

 It is administered as subcutaneous or intra-
muscular injections of 3 to 18 × 10 6  units of 
interferon-alpha-2a or 3 to 5 × 10 6  units of inter-
feron-alpha-2b daily or 3 times per week. 
Zouboulis and Orfanos  [  71  ]  reviewed 22 origi-
nal reports of 144 patients with Behçet’s disease 
to estimate the ef fi cacy of interferon-alpha on 
mucocutaneous, ocular, and joint manifesta-
tions. Seventy-four percent of patients with 
mucocutaneous manifestations, 95% of patients 
with uveitis, and 93% of patients with arthropa-
thy/arthritis exhibited a partial or complete 
response. Interferon-alpha-2a regimens were 
more effective than interferon-alpha-2b ones on 
mucocutaneous and ocular manifestations. 
Similar effects were also observed in a recent 
study with 91% partial or complete response 
with interferon therapy  [  72  ] . Recurrences, espe-
cially for uveitis is quite common after discon-
tinuation of treatment. 

 A randomized placebo-controlled and double-
blind study also showed the ef fi cacy of inter-
feron-alpha-2a on oral ulcers, genital ulcers, 
papulopustular lesions, and ocular in fl ammation 
in patients with BD  [  73  ] . 

 The most common side effects are in fl uenza-
like syndrome, increase in serum liver enzymes, 
and reversible leukopenia. Although lymphocy-
topenia, thrombocytopenia, ulcerations at the 
site of injection, alopecia, worsening of psoria-
sis, epileptic seizures, and autoantibodies or a 

Behçet-like disease have been reported, inter-
feron appears to be well tolerated and the side 
effects disappear after dose tapering  [  72,   74,   75  ] . 
A 3-month high-dose regimen (9 × 10 6  units three 
times per week) followed by a low maintenance 
dose (3 × 10 6  units three times per week) is rec-
ommended  [  71  ] . However, the optimum dosage 
and duration of interferon in the treatment of 
Behçet’s disease need to be determined.  

   Anti-tumor Necrosis Factor Treatment 
 Tumor necrosis factor- a (alpha) (TNF- a ), a 
proin fl ammatory cytokine, plays a signi fi cant 
role in the pathogenesis of Behçet’s uveitis based 
on several evidences: increased serum and aque-
ous levels in Behçet’s patients compared to 
patients without Behçet’s uveitis, increased num-
ber of TNF- a (alpha)-producing cells during 
active disease, and its role in experimental 
models of uveitis  [  70,   76,   77  ] . Three TNF-
 a (alpha) inhibitors are currently used in 
in fl ammatory conditions:  in fl iximab , a recombi-
nant chimeric monoclonal antibody;  adalimumab , 
a humanized monoclonal antibody; and the fusion 
protein human p75 TNF- a (alpha) receptor IgG1 
 etanercept   [  70  ] . 

  In fl iximab  has been found to be effective in reduc-
ing the frequency of uveitis attacks, treating 
refractory macular edema, and improving the 
visual acuity especially in cases resistant to com-
bination therapy with azathioprine, cyclosporine, 
and corticosteroids  [  72  ] . In addition, in fl iximab 
has a corticosteroid-sparing effect. Intravenous 
infusions of 5–10 mg/kg at weeks 0, 2, 6, and 10 
or 14 have been used  [  72,   78  ] . However, con-
trolled masked studies are warranted to determine 
the optimal dosage and duration in addition to 
co-medication interaction. 

  Etanercept  has shown some ef fi cacy for the 
mucocutaneous manifestations of Behçet’s dis-
ease in a randomized, double-blind, controlled 
trial using 25 mg subcutaneously twice a week 
 [  79  ] . However, the ocular effects were not evalu-
ated in that study. Two children with BD uveitis 
were treated with etanercept, one with and one 
without a good result  [  80  ] . 
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  Adalimumab  has recently been reported to main-
tain disease remission in three patients with 
Behçet’s uveitis with no recurrence and stable 
visual acuities during the follow-up after being 
switched from in fl iximab to adalimumab  [  81  ] . 

 The most common adverse events are upper 
respiratory tract infection and headache. 
Hypertension, autoantibody production, infusion 
reaction, rash, eczema, contact dermatitis, pruritus, 
and lower back pain are uncommon side effects. 

 The recommendations for the optimal use of 
anti-TNF agents are given in an excellent review 
by S fi kakis et al.  [  82  ] .  

   Cytotoxic and Other Immunosuppressive 
Agents 
 Antimetabolites such as azathioprine and metho-
trexate and less frequently alkylating agents such 
as cyclophosphamide and chlorambucil are being 
used for the refractory cases of ocular Behçet’s 
disease. 

  Azathioprine , at 2.5 mg/kg/day, has been shown 
to be effective in preventing the development of 
new eye diseases in patients with Behçet’s who 
do not have eye involvement in a randomized, 
placebo-controlled, double-blind study restricted 
to male patients  [  83  ] . This study also showed that 
azathioprine was effective in maintaining visual 
acuity, reducing the number of hypopyon attacks, 
and reducing the steroid requirement. The patients 
taking azathioprine also had less frequent oral 
ulcers, genital ulcers, and arthritis. 

 A combination of azathioprine and 
cyclosporine or triple drug therapy combining 
corticosteroids, cyclosporine, and azathioprine 
may be more effective than monotherapy with 
either agent and has been reported to successfully 
induce remission in some patients  [  84  ] . 

  Methotrexate  may be used in refractory uveitis 
especially in children with Behçet’s disease or 
as a steroid sparing treatment and may reduce 
ocular in fl ammation. 

  Cyclophosphamide  and  chlorambucil  are used 
more for the nervous system involvement and 
much less for ocular involvement in patients who 

are refractory to other agents at doses of 1 g intra-
venous pulsed cyclophosphamide and 2–12 mg/
day chlorambucil. 

 The side effects of cytotoxic drugs and other 
immunosuppressive agents can be serious and 
include bone marrow suppression, hepatotoxic-
ity, secondary malignancies, and decreased fer-
tility. In the light of these potential side effects, 
these agents are usually reserved for the most 
desperate cases that have failed treatment with 
other medications  [  60  ] .  

   Tolerization Therapy 
 As mentioned in the etiopathogenesis, cross-
reactivity between microbial HSP65 and human 
HSP60 has been hypothesized to trigger the dis-
ease in predisposed hosts by stimulating T cells 
and by inducing TNF- a (alpha) by various cell 
types  [  70,   85  ] . Uveitis, induced by the human 
HSP60, could be inhibited with the peptide linked 
to recombinant cholera toxin B subunit in Lewis 
rats  [  86  ] . This strategy was adopted in a phase I/
II clinical trial by oral administration of p336-
351-CTB, three times weekly, followed by grad-
ual withdrawal of all immunosuppressive drugs 
used to control the disease in eight patients with 
Behçet’s disease  [  87  ] . Although the ef fi cacy of 
this therapy needs to be con fi rmed in phase III 
trials and randomized controlled studies, toler-
ization therapy seems to be promising in the 
management of Behçet’s disease as well as other 
autoimmune diseases.   

   Laser Treatment 

 The characteristic occlusive retinal vasculitis may 
result in ischemic changes that may lead to retinal 
and/or disc neovascularization. Left untreated, reti-
nal and/or disc neovascularization may induce fur-
ther complications such as vitreous hemorrhage, 
tractional retinal detachment, and neovascular glau-
coma. While medical treatment is necessary to sup-
press in fl ammation, it has no effect on capillary 
non-perfusion and neovascularization. Therefore, 
laser photocoagulation should be performed in areas 
of capillary non-perfusion and retinal neovascular-
ization (Fig.  12.29 )  [  88  ] . In the presence of disc 



24112 Posterior Pole Manifestations of Behçet’s Disease

neovascularization, panretinal photocoagulation 
should be performed.  

 Photocoagulation is well tolerated and does 
not induce postoperative in fl ammation. Never-
theless, it is not an alternative to medical treat-
ment and systemic medication must continue. 
Photocoagulation should not be performed during 
an in fl ammatory attack and should not be directed 
toward edema, and topical steroids should be 
given after photocoagulation  [  89  ] .  

   Plasmapheresis 

 Studies indicate neutrophil hyperactivity in 
Behçet’s disease. Neutrophils and monocytes 
produce in fl ammatory cytokines that promote 
further neutrophil activity  [  90,   91  ] . Therefore, 
neutrophil apheresis can decrease the severity 
and frequency of attacks in Behçet’s disease as 
shown by two small open-label trials  [  91,   92  ] . 
However, this procedure does not extensively 
deplete T cells  [  91  ] , which are thought to have a 
signi fi cant role in the posterior ocular attacks.  

   Surgical Management of Ocular 
Complications 

 Patients with Behçet’s uveitis should receive 
immunosuppressive therapy prior to any ocular 

surgery to reduce postoperative in fl ammation, 
and surgery should be deferred until the eyes are 
free of active in fl ammation for at least 2–3 months. 

   Cataract Surgery 
 Cataract formation is very common in Behçet’s 
disease due to multiple factors, including recur-
rent intraocular in fl ammation, posterior synechia 
formation, and corticosteroid therapy. Cataract 
surgery in uveitic eyes may lead to severe postop-
erative complications such as recurrent intraocu-
lar in fl ammation, posterior synechia formation, 
cystoid macular edema, and optic atrophy and 
requires special attention. However, it is generally 
a safe procedure with favorable visual results in 
patients with Behçet’s disease  [  93  ] . Nevertheless, 
the visual result after cataract surgery depends on 
the preoperative status of the posterior segment 
 [  94  ] . The phacoemulsi fi cation technique seems to 
be superior to other techniques due to minimal 
surgical trauma. It is important to insert the 
intraocular lens into the capsular bag, which 
reduces the postoperative in fl ammation risk by 
avoiding contact of the intraocular lens with the 
iris and ciliary body  [  93,   95  ] . Foldable acrylic 
posterior chamber intraocular lenses are recom-
mended for these patients  [  96,   97  ] .  

   Trabeculectomy 
 Trabeculectomy and intraoperative application of 
mitomycin C appear to provide long-term safety 

  Fig. 12.29    ( a ) Retinal neovascularizations and hypoxic area on  fl uorescein angiography and ( b ) immediately after 
laser photocoagulation       
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and effectiveness in uveitic glaucoma associated 
with Behçet’s disease  [  98,   99  ] .  

   Vitrectomy 
 Vitreoretinal surgery is aimed at intense vitreous 
condensation, non-resolving vitreous hemor-
rhage, persistent cystoid macular edema, epiretinal 
membrane, and tractional retinal detachment. 
Removal of mechanical and humoral factors in 
vitreous gel by vitrectomy may enable better 
control of in fl ammation with a decreased number, 
severity and duration of uveitis attacks, and 
better diffusion of drugs to posterior segment, 
thus better visual acuity  [  100,   101  ] . In addition, 
relieving ciliary traction by vitrectomy may also 
prevent the development of hypotony and phthisis 
bulbi  [  102  ] .    

   Controversies and Perspectives 

 The advances in research in the  fi eld of immu-
nology and genetics in the last decades enabled 
a better insight into the etiopathogenesis of 
Behçet’s disease. However, until the exact dis-
ease mechanism is found, the management is 
bound to be symptomatic rather than curative. 
Until then, new immunomodulatory/immuno-
suppressant agents with less systemic side 
effects may aid the prognosis of resistant 
cases. Most cases with Behçet’s disease require 
more than one medication to suppress 
in fl ammation and reduce the frequency of 
attacks. With the absence of a standard treat-
ment protocol and large randomized, con-
trolled trials, the physician should evaluate 
each patient on an individual basis and decide 
the treatment accordingly. Corticosteroids are 
still the  fi rst choice of treatment in ocular 
Behçet’s patients to treat acute in fl ammation. 
Cyclosporin A and interferon may be added to 
the management as the second-line treatment 
if necessary. Drugs such as in fl iximab and aza-
thioprine or other immunosuppressants may 
be preserved for the most severe cases. With 
the use of such medications, the prognosis of 
the disease has signi fi cantly improved com-
pared to 20 years ago.  

   Pearls 

    The major characteristic of Behçet’s disease is • 
a systemic vasculitis with mucosa, skin, and 
eye being predominantly involved.  
  Although Behçet’s disease may affect almost • 
any system of the body with exacerbations and 
remissions of in fl ammation, the key clinical 
manifestations are recurrent oral aphthous 
ulcers, genital ulcers, uveitis, and skin lesions 
such as erythema nodosum, pseudofolliculitis, 
papulopustular lesions, and acneiform nodules.  
  HLA-B51 has been the most closely associated • 
risk factor for Behçet’s disease.  
  There are no speci fi c laboratory tests and • 
pathognomonic  fi ndings in Behçet’s disease. 
Therefore, the diagnosis remains largely a 
clinical one. It should be kept in mind, how-
ever, that recurrent oral ulcers are reported in 
almost all patients with Behçet’s disease.  
  Ocular involvement as anterior, intermediate, • 
posterior, or panuveitis is common. The uveitis 
is chronic, recurrent, and non-granulomatous.  
  Ankylosing spondylitis, Reiter’s syndrome, • 
in fl ammatory bowel diseases, sarcoidosis, 
Vogt   -Koyanagi-Harada syndrome, Eales’ dis-
ease, and infectious diseases such as syphilis 
and tuberculosis are among the most common 
differential diagnosis of ocular Behçet’s 
disease.  
  The aim of the treatment in ocular Behçet’s • 
disease is to achieve a rapid resolution of 
in fl ammation, to reduce frequency and severity 
of attacks, and to avoid complications. There 
is not a standard treatment protocol, and the 
extent and severity of the disease determine 
the treatment required.  
  Corticosteroids, cyclosporin A, interferon- • a , 
anti-tumor necrosis factors (in fl iximab), and 
azathioprine are the most commonly used 
medications for ocular in fl ammation.  
  Laser photocoagulation should be performed • 
in areas of capillary non-perfusion and retinal 
neovascularization. In the presence of disc 
neovascularization, panretinal photocoagula-
tion should be performed to prevent compli-
cations such as vitreous hemorrhage and 
neovascular glaucoma.  
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  Although variable, the prognosis of ocular • 
Behçet’s disease is poor in the majority of 
patients. Nevertheless, increased awareness of 
the disease, a more aggressive treatment 
approach, and the availability of several 
immunosuppressive/modulators seem to have 
improved the prognosis of Behçet’s disease in 
the last decade.         

  Acknowledgment   Adapted from Atmaca-Sonmez P, 
Atmaca LS, Aydintug OT. Update on ocular Behcet’s 
disease. Expert Rev. Ophthalmol. 2(6), 957–980 (2007) 
with permission of Expert Reviews Ltd.  
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  Abstract 

 Primary    vitreoretinal lymphoma (PVRL), also known as primary intraocular 
and central nervous system (CNS) lymphoma, refers to a heterogeneous 
group of lymphomas that arise intraocularly or multicentrically in the eye 
and CNS. PVRL is a relatively rare, high-grade non-Hodgkin’s lymphoma, 
usually of B-cell type, that forms part of the spectrum of primary central 
nervous system lymphoma. A high index of suspicion is essential in diag-
nosing PVRL. PVRL may present as vitreous in fi ltration, as a sub-RPE 
mass, as subretinal deposits, as retinal in fi ltrates, and as a vasculitic 
process or retinal necrosis   . Combination of chemotherapy and radiation 
therapy has improved median survival to 40 months, but at the cost of 
late neurocognitive complications in patients older than 50 years of age. 
Preliminary trials of intravitreal chemotherapy and biological therapy 
are encouraging.  
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   Introduction 

 Lymphomas include tumors of lymphocytes, 
and traditionally, they have been divided into 
Hodgkin’s disease and non-Hodgkin’s lymphomas 
(NHLs). NHLs constitute the largest group of 
lymphomas and are further subdivided into B-cell 
or T-cell lymphomas  [  1,   2  ] . 

 Over the years, the classi fi cation of NHL has 
evolved from being based on light microscopy 
 fi ndings to the current World Health Organization 
(WHO) classi fi cation of lymphomas that corre-
lates the clinical characteristics of each lym-
phoma subtype with its morphological, 
immunophenotypical, and genotypical features 
 [  1  ] . In the 1960s, Rappaport  [  2  ]  classi fi ed the dis-
ease according to its presumed cellular origin: 
lymphocytic, histiocytic, or undifferentiated. If 
both lymphocytes and histiocytes were seen, the 
disease was classi fi ed as a mixed cell type. The 
term reticulum cell sarcoma is a misnomer dating 
to the days when it was thought that the cell of 
origin of PVRL was the histiocyte  [  2  ] . On routine 
histological examination, the histiocytes show 
features indistinguishable from transformed lym-
phocytes  [  3  ] . Immunocytochemical techniques 
and in vitro lymphocyte function studies have 
shown that the so-called ocular reticulum cell 
sarcoma is a large cell lymphoma arising from 
transformed lymphocytes and not histiocytes  [  3  ] . 
A study of systemic diffuse histiocytic lympho-
mas showed that 55% were of B-cell origin, 35% 
had a null cell origin, 5% were of T-cell origin, 
and only 5% were of true histiocytic origin  [  4  ] . 

 In 1978, Lukes and Collins  [  5  ]  recognized the 
need to classify the disease in terms of B and T 
lymphocytes. They based their system on four 
cell types: the small- to medium-sized cleaved 
cell, the medium to large noncleaved cell, the 
large cytoplasmic phagocyte, and the dendritic 
reticulum cell  [  5  ] . Transformed B lymphocytes 
have immunoglobulins on their cell surface unlike 
histiocytes  [  3  ] . B-cell lymphomas are recognized 
by the demonstration of monoclonal surface 
immunoglobulins or, if absent, by immunoglobu-
lin gene rearrangement using speci fi c DNA 
probes. Characteristic rosetting with sheep red 

blood cells and T-cell-speci fi c monoclonal anti-
bodies identify T-cell lymphomas  [  6  ] . Most cases 
of primary central nervous system (CNS) lym-
phoma (PCNSL) and primary intraocular lym-
phoma (PIOL) when typed were found to be of 
B-cell origin  [  7  ] . Brown et al.  [  8  ]  reviewed the 
literature and found that 57 cases of intraocular 
lymphoma had been reported in which cell 
marker studies had been done. They found that 
53% were of B-cell origin, 21% of T-cell origin, 
10% of null cell origin, and 16% were polyclonal 
or untypable. 

 Several other classi fi cations were developed 
in an attempt to classify the lymphomas accord-
ing to their clinical behavior leading to consider-
able confusion. In the early 1980s, the National 
Cancer Institute sponsored a study to resolve the 
differences between the different classi fi cations. 
The study found that each of the classi fi cations 
was useful and none was superior to the other. As 
a result, the International Working Formulation 
of NHL for Clinical Usage was born  [  9  ] . Ten 
major cell types were identi fi ed, and these were 
graded according to malignant potential: low-, 
intermediate-, and high-grade malignant lympho-
mas. In time, this became the most widely used 
system. Paradoxically, as treatment protocols 
became more effective, the prognosis of the dif-
ferent grades changed. Cure rates for intermedi-
ate- and high-grade malignancies improved, 
whereas the death rates of low-grade malignan-
cies increased when most patients relapsed and 
died from their disease. In addition, a major 
weakness of the above classi fi cation scheme is 
the lack of immunological typing. 

 In 1994, the International Lymphoma Study 
Group proposed the revised European-American 
lymphoma (REAL) classi fi cation where lym-
phomas were grouped as clinical-pathological 
entities  [  1  ] . Each entity was recognized to have a 
range of morphological grades and degrees of 
clinical aggressiveness. Thus, B-cell lymphomas 
are categorized into low-, intermediate-, or high-
grade lymphomas. This is the classi fi cation cur-
rently adopted by the WHO  [  1  ] . Several subtypes 
of B-cell lymphomas are de fi ned according to 
the stage of lymphocyte development where they 
arise  [  7,   10  ] . These stages include the pre-germinal, 
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germinal, or post-germinal stages. These can be 
differentiated by immunophenotyping and by 
checking for somatic mutations in the variable 
region gene of the immunoglobulin. Lymphomas 
that arise from pre-germinal cells usually do not 
manifest any somatic mutations. Lymphomas 
derived from germinal cells are characterized by 
somatic mutations that are ongoing. Post-
germinal derived lymphomas have somatic 
mutations with only few or no ongoing muta-
tions  [  7  ] . 

 PIOL is a rather imprecise term, and Coupland 
and Damato  [  7  ]  suggest that the various types of 
intraocular lymphoma be referred to according 
to their anatomic location and to whether or not 
they are primary or secondary at these sites. A 
distinction should be made between patients 
with PIOL with or without central nervous sys-
tem (CNS) disease in which the intraocular 
involvement is usually vitreoretinal, patients 
with primary choroidal lymphoma, patients with 
primary iridal lymphoma, and patients af fl icted 
by a systemic lymphoma with secondary uveal 
involvement  [  7  ] . According to the WHO 
classi fi cation, primary vitreoretinal lymphoma 
(PVRL) is usually of the diffuse large B-cell 
lymphoma (DLBCL) type with intermediate- to 
high-grade malignant potential  [  1  ] . Gene expres-
sion pro fi ling studies that include both chromo-
somal and immunohistochemical analyses 
subdivide DLBCL into three different types: 
activated B-cell DLBCL (ABC type), germinal 
center DLBCL (GCB type), and primary medi-
astinal (thymic large) B-cell DLBCL  [  7,   10  ] . 
Prognosis is dependent on this molecular sub-
type. Patients with the ABC subtype DLBCL 
have a much worse prognosis than patients with 
the GCB DLBCL. Immuno phenotyping and 
somatic mutation analysis suggests that most 
PVRL is derived from an early post-germinal 
center B cell. Chromosomal translocation data 
identi fi es a subgroup of PVRL that is derived 
from germinal center B cells  [  7  ] . 

 The objective of this chapter is to review 
the epidemiology, etiology, clinical  fi ndings, 
diagnosis, differential diagnosis, imaging, 
pathology, and management of intraocular 
lymphoma.  

   Historical Background 

 In 1951, Cooper and Riker  [  11  ]  made the obser-
vation that an intraocular lymphoma could 
masquerade as an intraocular in fl ammatory con-
dition. In 1955, Givner  [  12  ]  reported a case of a 
woman who suffered from uveitis of an unknown 
cause and subsequently went on to develop 
PCNSL. Autopsy revealed intravitreal cells 
suggestive of PVRL. In 1968, Vogel et al.  [  13  ]  
reported a patient with PVRL who eventually 
developed neurological symptoms. The patient 
underwent a craniotomy, and the specimen 
revealed similar histopathologic  fi ndings to the 
enucleated eye. CNS involvement did not occur 
from contiguous spread from the eye through the 
optic nerve. In another autopsy study, the optic 
nerve was not involved despite involvement of 
both eye and CNS. However, in some cases, 
extension through the lamina cribrosa, and 
involvement of the optic nerve and orbital leptom-
eninges, has been demonstrated  [  14  ] . In 1968, 
Nevins et al.  [  15  ]  reported the  fi rst isolated 
intraocular case con fi rmed by autopsy. Case 3, in 
the series reported by Barr et al.  [  16  ] , referred to 
the autopsy  fi ndings in a patient with bilateral 
PVRL where the rest of the body was completely 
free of tumor. Investigators proposed that involve-
ment of the eye and CNS was due to a multi-
centric origin of the tumor  [  13,   15,   16  ] . In 1972, 
Neault et al.  [  17  ]  reviewed the Mayo Clinic expe-
rience with 17 PCNSL patients diagnosed by 
craniotomy. Of these 17 patients, 7 suffered from 
posterior uveitis. The uveitis was initially unilat-
eral but eventually became bilateral. They noticed 
that uveitis was not present in any other type of 
intracranial tumor. None of the eyes were exam-
ined microscopically. Therefore, it was impossible 
to determine if the ocular  fi ndings represented 
neoplastic involvement, primary in fl ammation, 
or an in fl ammatory process secondary to or coex-
istent with neoplastic involvement of the uveal 
tract or retina. On the other hand, of 19 cases of 
PCNSL seen at the Massachusetts General 
Hospital, only one had uveitis  [  18  ] . Kennerdell 
et al.  [  19  ]  reported a fatal case of PCNSL 
accompanied by uveitis. On histopathology, the 
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vitreous was clear of neoplastic cells. They 
suggested that initially the ocular involvement is 
a benign in fl ammatory process that over time 
evolves into a neoplastic one. 

 In the early days, diagnosis of PVRL or 
PCNSL was made by craniotomy with debulking 
of the mass, enucleation of a blind painful eye, or 
during an autopsy  [  11–  13,   15,   16  ] . In the 1970s, 
 fi rst vitreous aspiration and then pars plana 
vitrectomy were employed to obtain cytological 
material to diagnose PVRL earlier  [  20,   21  ] . 
Rockwood et al.  [  22  ]  suggested that pars plana 
vitrectomy and/or lumbar puncture should be 
employed prior to the consideration of cran-
iotomy. By the late 1980s, it was well established 
that PVRL forms part of the spectrum of PCNSL. 
In patients with PCNSL, extracranial involve-
ment, other than the eye, is rare. Both solitary 
PVRL and that associated with PCNSL usually 
involve the vitreous, retinal pigment epithelium 
(RPE), and retina. Very rarely, an association of 
uveal tract PIOL and PCNSL has been reported.  

   Epidemiology 

 NHL usually arises from lymph nodes, but up 
to 25% of NHLs are of extranodal origin. 
Approximately 1.6% of NHLs occur intraocu-
larly and 4.5% in the CNS. However, for unknown 
reasons, the incidence of PCNSL in the USA has 
been increasing over the years  [  23  ] . Eby et al. 
 [  24  ]  reported 2.7 cases per 10 million people in 
1972–1974 compared to 7.5 cases per 10 million 
people in 1982–1984. The incidence of PVRL is 
unknown, but it has been reported that about 
20% of patients with PCNSL go on to develop 
PVRL  [  23,   25  ] . A major risk factor for the devel-
opment of PCNSL and PVRL is immunosuppres-
sion  [  23  ] . Transplant recipients, acquired immune 
de fi ciency syndrome (AIDS) patients, and chil-
dren with congenital immunode fi ciencies are at 
an increased risk of developing PCNSL. However, 
the increased number of immunosuppressed 
patients does not explain the rise in cases of 
PCNSL  [  23  ] . 

 Even though PVRL has been reported in 
patients as young as 15 years of age, it typically 

remains a disease of middle age or older people 
 [  25  ] . The average age of affected individuals is 
58 years old, which is similar to the average age 
of 55 years old for PCNSL. With respect to 
PVRL, women appear to be slightly more com-
monly affected than men by a ratio of 1.5–1. In 
contrast, men appear to be slightly more com-
monly affected than women by a ratio of 1.7–1 in 
PCNSL. There appears to be no predilection for 
race  [  23  ] . 

 Approximately 80% of cases of PVRL have 
bilateral involvement. At some point in their 
disease, 66% of patients with PVRL manifest 
CNS involvement. Of these, 15–20% presented 
with CNS disease an average of 18 months prior 
to the development of ocular symptoms  [  23,   25  ] . 
Forty- fi ve to sixty-six percent had PVRL before 
the diagnosis of PCNSL. The time of onset from 
ocular symptoms to the development of CNS 
symptoms ranged from less than 1 month to 
10 years with an average of 21 months. Fifteen 
percent were diagnosed with concurrent PCNSL 
and PVRL. About 25% of patients were reported 
to have solely ocular involvement. Uveal 
in fi ltration is the typical ocular manifestation 
secondary to metastasis from a systemic lymphoid 
malignancy. Only 5% of patients with PVRL 
show subsequent systemic involvement. Another 
5% of patients show concurrent intraocular, 
systemic, and CNS involvement  [  13,   14,   16,   21  ] .  

   Etiology 

 Two hypotheses have been proposed for the origin 
of PVRL and PCNSL  [  23  ] . The  fi rst states that an 
infectious or in fl ammatory process, probably viral, 
attracts into the CNS or eye a nonneoplastic, reac-
tive population of lymphocytes. The in fl ammatory 
cell population undergoes transformation into 
neoplastic cells by some second event in the local 
site(s). A second theory proposes that B lympho-
cytes in a lymph node or extranodal site are acti-
vated, caused to proliferate, and transformed to 
become neoplastic. These neoplastic cells spread 
hematogenously but aggregate only in sites within 
the CNS or eye. In the meantime, the true primary 
site remains obscure and undetected. 
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 The factors involved in cell transformations 
remain unclear. Low-dose immunosuppressive 
therapy seems to be harmful, leading to the 
belief that acquired immune dysfunction plays a 
role in the disease  [  21,   23  ] . Renal transplant 
patients are at an increased risk for malignan-
cies. NHL was the most common type of tumor 
in these patients. It is thought that this occurs 
through depression of the immunological surveil-
lance function. Cases of PVRL and PCNSL in 
transplant recipients maintained on immunosup-
pressive therapy have been reported  [  26  ] . With 
the appearance of the AIDS epidemic in the 
early 1980s, it was noticed that the incidence of 
NHL in these patients increased. Despite the 
estimate that 3% of all AIDS patients will 
develop PCNSL during the course of their 
disease, there have been only few reports of 
PVRL cases in AIDS patients  [  27,   28  ] .  

   Clinical Findings and Differential 
Diagnosis 

 PVRL is a unique disease in its protean manifes-
tations. The clinical  fi ndings are quite nonspeci fi c 
and diverse. These depend on whether the RPE, 
optic nerve, vitreous, or retina is most extensively 
involved. It can present as vitreous in fi ltration, 
intraretinal, subretinal, or subpigment epithelial 
masses; as a vasculitic process; or as a localized 
or diffuse retinal necrosis. Thus, PVRL is a para-
digm for the spectrum of the manifestations of 
disease in the posterior pole: necrosis, vasculitis, 
multifocal retinochoroiditis, or mass lesions. It is 
not surprising then that diagnosis is often delayed 
with fatal consequences since early diagnosis 
and treatment appear to result in better disease 
control and survival  [  29  ] . 

 Most patients present with a painless loss of 
vision,  fl oaters, or both  [  7,   25,   30  ] . Less common 
presentations of the disease include a red eye, 
photophobia, and pain  [  13,   16,   21  ] . 

 Pseudohypopyon has been seen in a handful 
of cases  [  16  ] . In one case, it mimicked late post-
operative endophthalmitis. In addition, certain 
cases of secondary glaucoma have been due to 
PVRL. Rubeosis iridis with neovascular angle 

closure, accumulation of cellular debris, and 
synechial closure secondary to in fl ammation 
account for the mechanisms of the glaucoma  [  7  ] . 

 Vitritis has virtually been reported in every 
case of PVRL and may vary from in fi ltration of 
the vitreous with scattered cells to large aggre-
gates. A posterior vitreous detachment is often 
present with collections of tumor cells on the 
detached posterior face  [  7  ] . Traditionally, it has 
been emphasized that PVRL is a common 
masquerader in the elderly  [  7,   11,   13,   16,   25,   30  ] . 
The typical patient is an older individual with 
vitritis that is resistant to corticosteroid treatment. 
However, in a series of newly diagnosed uveitis 
in 58 patients older than 60 years, 19 patients 
were suspicious for PVRL. They underwent diag-
nostic vitrectomy, and only 1 case of PVRL was 
found (3.4% prevalence).  [  31  ]  

 Initial in fi ltrations of the lymphoma cells in 
the sub-RPE space produce small yellow-white 
placoid lesions that resemble lesions of the 
multiple evanescent white dot syndrome or punc-
tate inner choroidopathy  [  7,   32  ] . As the lesions 
grow and become elevated, they may resemble 
multifocal choroiditis, birdshot choroidopathy, or 
acute multifocal placoid pigment epitheliopathy. 
Further expansion and solid volume gain leads to 
multiple, large sub-RPE tumors with sharply 
circumscribed, yellow-white, dome-shaped masses 
covered by  fi ne mottled and attenuated pigment 
epithelium (Fig.  13.1a ,  b )  [  32  ] . Gass et al.  [  32  ]  
consider this clinical picture pathognomonic for 
PVRL. Nevertheless, these nodular lesions can 
be mistaken as sarcoidosis, tuberculosis, brucel-
losis, metastatic lesions, or the Vogt-Koyanagi-
Harada disease  [  6  ] . The lesions may spontaneously 
undergo complete necrosis and resolution, leading 
to atrophic or disciform scars simulating the 
ocular histoplasmosis syndrome  [  6,   32  ] .  

 The lymphomatous process may then 
in fi ltrate the overlying retina producing white or 
grayish-green intraretinal lesions with  fl uffy 
outlines that rapidly become con fl uent obscur-
ing the underlying RPE deposits (see Fig.  13.1 ) 
 [  6,   7,   32  ] . The retinal capillaries may be dis-
rupted causing focal intraretinal hemorrhages. 
Arterial and venous sheathing have  fi gured 
prominently in some cases of PVRL (Fig.  13.2 ). 
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The resulting clinical picture of a necrotizing 
retinitis may be confused with toxoplasmosis, 
acute retinal necrosis secondary to herpetic 

infection, CMV retinitis, syphilitic retinitis, 
Whipple’s disease, Candida endophthalmitis, 
sarcoidosis, frosted branch angiitis, Eales dis-
ease, Behcet’s disease, systemic lupus erythe-
matosus, HTLV-1-associated uveitis, and 
multiple sclerosis  [  6,   7  ] . Extension of the hemor-
rhage through the internal limiting membrane 
can lead to vitreous hemorrhage. Plaques of 
neoplastic cells in a retinal artery wall leading to 
retinal artery occlusion have been reported  [  32  ] . 
In other cases, the retina is edematous, and if the 
macula is involved, cystoid macular edema 
(CME) results  [  16,   20  ] . Exudative retinal detach-
ment has also been reported  [  33  ] .  

 A dif fi cult situation occurs in AIDS patients 
with retinal lesions that are being treated with 
protease inhibitors. As their CD4+ count rises, 
a syndrome known as immune recovery uveitis 
may occur. Vitreous in fl ammation in conjunc-
tion with the aforementioned retinal lesions 
may lead one to the erroneous diagnosis of 
PVRL  [  27  ] . 

  Fig. 13.1    Subretinal 
pigment epithelium (RPE) 
elevations with sharply 
circumscribed, yellow-
white, dome-shaped 
masses covered by  fi ne, 
mottled, and attenuated 
pigment epithelium. 
( a ) Note two lesions in the 
right eye, nasal to the optic 
disc and temporal to the 
fovea. ( b ) One  yellowish  
lesion temporal to the 
fovea in the left eye 
(Courtesy of Raul Vianna, 
M.D.)       

  Fig. 13.2    Lymphomatous process in fi ltrating the over-
lying retina producing  white  intraretinal lesions with  fl uffy 
outlines that rapidly become con fl uent and obscure the 
underlying retinal pigment epithelium. Arterial and 
venous sheathing have  fi gured prominently in some cases 
of intraocular lymphoma       
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 Papillitis is sometimes observed (Fig.  13.3a ,  b ) 
 [  7  ] . It may be due to direct invasion of the optic 
disk by tumor or secondary to increased intracra-
nial pressure related to the cerebral neoplasm  [  7  ] . 
Very rarely the intraocular tumor may invade the 
orbit  [  28  ] .   

   Imaging 

 Ancillary ocular imaging modalities like 
 fl uorescein angiography (FA), optical coherence 
tomography (OCT), and indocyanine green 
angio graphy (ICGA) are useful adjuncts in raising 
the level of suspicion so that a diagnosis of 
PVRL is made promptly. A study from the 
National Eye Institute showed that despite the 
presence of vitritis in most patients, the FA did 
not show hallmarks of intraocular in fl ammation 
in most eyes  [  34  ] . CME was present in 19% and 
perivascular staining or leakage in 6% of eyes. 
Furthermore, 83% of eyes with CME had a prior 
history of intraocular surgery  [  34  ] . Since PVRL 
is often confused with a uveitic process, it is 
remarkable that the FA is not suggestive of an 
in fl ammatory process. The most common FA 
 fi ndings consist of disturbances at the level of the 
RPE  [  34  ] . PVRL cells are often con fi ned to the 
sub-RPE space, and their viability will determine 
the FA  fi ndings  [  21,   34  ] . Deposits of older tumor 

cells that are either dead or sick absorb  fl uorescein 
dye causing window defects of the RPE (see 
Fig.  13.3 ). 

 Alternatively, window defects might represent 
areas of tumor resolution with secondary RPE 
atrophic changes. In contrast, healthy tumor cells 
will not absorb  fl uorescein and will manifest as 
focal areas of blocked  fl uorescence  [  32,   34  ] . In 
some cases, FA detected lesions that were not 
seen ophthalmoscopically  [  30,   32,   34  ] . On the 
other hand, some eyes with vitritis will have a 
normal FA study  [  34  ] . 

 Fardeau et al.  [  35  ]  compared the FA, OCT, 
and ICGA  fi ndings among patients with PVRL, 
infectious uveitis, metastatic tumors, and immune-
mediated uveitis. Their most signi fi cant  fi ndings 
were clusters of small round hypo fl uorescent 
lesions 50–250  m (mu)m in diameter seen in both 
the early and late phases of the FA. These were 
identi fi ed in 45% of patients with PVRL and in 
only 2% of patients without PVRL. These hypo-
 fl uorescent lesions corresponded to punctate 
white lesions seen in the fundus. Similarly 
hypo fl uorescent lesions that tended to fade in the 
later phase of the study were seen with ICGA in 
26% of PVRL patients and 8% of non-PVRL 
patients. Nodular hyperre fl ective lesions at the 
level of the RPE were observed in the OCT of 
42% of patients with PVRL compared to 15% of 
patients without PVRL. The combination of these 

  Fig. 13.3    Same patient as in Fig.  13.1 . Fluorescein angio-
gram demonstrated multiple areas of hyper fl uorescence in 
both eyes. ( a ,  b ) Arteriovenous phase demonstrating mul-
tiple areas of disturbances at the level of the retinal  pigment 

epithelium (RPE). Deposits of older tumor cells that are 
either dead or sick absorb  fl uorescein dye, causing window 
defects of the RPE. A hot optic disc is seen in Fig.  13.3a  
(Courtesy of Raul Vianna, M.D.)       
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three imaging modalities yielded a positive pre-
dictive value of 88.9% and a negative predictive 
value of 85% for diagnosing PVRL  [  35  ] . 

 Some investigators have suggested using 
ophthalmic echography as an adjunctive study in 
patients with PIOL  [  36  ] . In a series of 13 patients 

with PVRL, all the patients manifested some 
ultrasonographic abnormality. The most common 
 fi ndings were vitreous debris (77%) (Fig.  13.4 ), 
choroidal scleral thickening (46%) (Fig.  13.5 ), 
and widening of the optic nerve (31%). None of 
these  fi ndings are speci fi c for PVRL but in the 
proper clinical context might provide suf fi cient 
evidence to consider it seriously.   

 Fundus auto fl uorescence (FAF) is a relatively 
new ophthalmic imaging modality that utilizes 
the  fl uorescent properties of lipofuscin to study 
the health of the RPE and photoreceptor com-
plex. There has been recent interest in studying 
the FAF of several chorioretinal diseases such as 
central serous chorioretinopathy, non-exudative 
age-related macular degeneration, and Stargardt’s 
disease, among others  [  37  ] . Ishida and collea-
gues  [  38  ]  have recently published their FAF 
 fi ndings in  fi ve eyes with PVRL. They reported 
that the FAF patterns were diverse but dis-
tinctive according to the individual fundu-
scopic  fi ndings. Sub-RPE tumors were generally 

  Fig. 13.4    Echographic examination of a patient with 
primary vitreoretinal lymphoma (PVRL) demonstrating 
vitreous debris       

  Fig. 13.5    Same patient as in Figs.  13.1  and  13.3 . A- and 
B-scan ultrasound shows an irregular internal re fl ectivity 
and no internal vascularity. No extensive serous retinal 

detachment is usually seen with this type of tumor 
(Courtesy of Raul Vianna, M.D.)       
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weakly hyper fl uorescent on FAF. The hyperpig-
mented mottling of the RPE overlying the sub-
RPE tumors was very hyper fl uorescent on FAF. 
In eyes with tumor in fi ltration into the retina 
causing whitening of the retina, the FAF pattern 
was that of hypo fl uorescence. Spontaneous 
resolution of the sub-RPE tumors usually leaves 
an atrophic area of RPE that appears hypo-
 fl uorescent on FAF  [  38  ] . 

 Novel ophthalmic imaging techniques including 
magnetic resonance spectroscopy, magnetic 
resonance imaging, and novel positron emission 
tomography agents with the ability to detect 
lymphoma cells between the RPE and Bruch’s 
membrane may be in the horizon  [  39  ] . Malignant 
B lymphoma cells can be differentiated from 
normal and activated T-cell populations from as 
few as 8 cells by their intrinsic auto fl uorescence 
when excited with wavelengths of 351, 458, and 
488 nm.  

   Diagnosis and Pathology 

 In patients over 50 years of age with posterior or 
pan-uveitis unresponsive to corticosteroid treat-
ment, the possibility of the lymphoma must be 
considered  [  6,   7,   11,   15,   16,   20,   40  ] . Some cases 
have been reported where PVRL responds briskly 
to steroids, thus delaying the diagnosis  [  6,   25, 
  30  ] . If PVRL is suspected,  fl uorescein angiog-
raphy, OCT, and a complete medical history and 
physical examination are conducted. Neurological 
work-up including neuroimaging and lumbar 
puncture is then performed. If lymphoma cells 
are isolated from the CSF, it is not necessary to 
pursue further diagnostic procedures. Some have 
clinically de fi ned PVRL by the presence of 
ocular symptoms and signs in patients with 
known PCNSL  [  25  ] . However, as mentioned pre-
viously, during the autopsy of a patient with 
PCNSL and uveitis, the vitreous was clear of 
neoplastic cells  [  19  ] . Conversely, Zimmerman 
 [  41  ]  pointed out that whenever a patient with 
PVRL showed neurological manifestations, it 
was implied that PCNSL was present. However, 
in his experience, that was not always the case. 
In 18 patients with histopathologically proven 

PVRL, biopsies of the brain did not always 
con fi rm the presence of PCNSL. In nine cases of 
PVRL with neurological symptoms, PCNSL was 
con fi rmed; however, in six cases, CNS manifes-
tations were secondary to other causes such as 
nocardiosis, hemorrhage, and Behcet’s disease 
 [  41  ] . If PCNSL is not evident, then one should 
proceed with a diagnostic vitrectomy. Just like in 
any type of malignancy, tissue diagnosis is a pre-
requisite for the initiation of therapy in PVRL. 

 Currently, diagnosis of PVRL is based primarily 
on cytological evaluation, immunohistochemistry, 
and molecular techniques on the tumor. The CSF 
and the vitreous are examined and processed in 
the same fashion  [  6  ] . 

 A single vitreous biopsy may not always be 
diagnostic of PVRL  [  6,   25,   30,   33  ] . Steroids can 
hinder the diagnosis by clearing some malignant 
cells  [  6,   30  ] . They are known to shrink CNS 
lymphoma lesions  [  42  ] . Some have advocated 
discontinuing the steroids for a period of time 
before the specimens are obtained  [  6,   30  ] . 
In certain selected cases when vitreous cytologi-
cal  fi ndings are equivocal and the suspicion for 
PVRL remains high, retinal biopsy, chorioretinal 
biopsy, full thickness eye wall biopsy, and aspiration 
of subretinal lesions may be considered  [  6,   40  ] . 

 In patients with bilateral involvement, the eye 
with the worse visual acuity or the most promi-
nent cellular in fi ltration in the vitritis is selected to 
undergo diagnostic vitrectomy. A very experi-
enced cytopathologist is often needed to make the 
diagnosis since the yield from vitrectomy samples 
is often small  [  6,   30,   33  ] . Cytological analysis 
should be given precedence. An undiluted sample 
of vitreous (1–2 mL) is  fi rst obtained and imme-
diately placed into 2–3 mL of cell culture 
medium such as RPMI (Associated Biomedic 
Systems, Inc., Buffalo, NY, USA) and then imme-
diately transported to the cytology lab  [  6  ] . Rapid 
processing of the vitrectomy specimen is critical 
in maintaining the morphology and integrity of 
the cells  [  33  ] . The ocular pathologist then pro-
ceeds to isolate the cells by  cytocentrifugation. 
Staining of the PVRL cells with  Diff-Quick or 
Giemsa is superior to hematoxylin-eosin and 
Papanicolaou stains     [  6  ] . The supernatant is used 
for cytokine analysis and  possibly viral  polymerase 
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chain reaction (PCR)  [  6  ] . In cases where shipment 
of the vitrectomy specimen to different institutes 
is required, the material can be  fi xed in equal vol-
ume of 90% ethanol. Such  fi xed tissue is pro-
cessed for cell block preparations followed by 
hematoxylin-eosin stain, immunophenotyping to 
determine clonality, and special stains for infec-
tious agents. A core vitrectomy is completed, and 
the resulting diluted sample and cassette wash-
ings may be used for additional studies such as 
 fl ow cytometry, immunohistochemistry, and 
molecular analysis  [  6  ] . 

 Under light microscopy, tumor cells typically 
display large round, oval, or indented hyperchro-
matic nuclei with prominent eccentric eosino-
philic nucleoli, mitotic  fi gures, a coarse chromatin 
pattern, indistinct cytoplasm, pleomorphism, and 
occasionally  fi nger-like projections from the 
nuclei (Fig.  13.6 )  [  6,   13,   15,   16,   30,   33  ] . Reactive 
T lymphocytes,  fi brin, cellular debris, and apop-
totic and necrotic cells are often found in con-
junction with the lymphoma cells, underscoring 
the importance of having an experienced cyto-
pathologist  [  6  ] . Electron microscopic studies 
reveal that intranuclear inclusions, cytoplasmic 
crystalloids, pseudopodal cytoplasmic exten-
sions, cytosomes with autophagic vacuoles, and 
electron-dense bundles may be seen in the inter-
cellular space  [  43  ] . Cytological examination can 

detect lymphoma cells, but it cannot differentiate 
between a B-cell and T-cell origin  [  6  ] .  

 Histopathologic examination reveals that 
neoplastic cells are primarily seen in the vitreous, 
in the sub-RPE and subretinal spaces, and in the 
retina, optic nerve head, and rarely choroid  [  17, 
  19  ] . Involvement of the vitreous by neoplastic 
cells can produce effects similar to in fl ammation 
 [  7  ] . The vitreous can become condensed, 
lique fi ed, cloudy, and detached. A vitreous 
cellular in fi ltrate might be the only ocular mani-
festation of the disease. They form  fl uffy non-
discrete opacities. Occasionally, the anterior 
segment of the eye is involved. A chronic 
in fl ammatory in fi ltrate in the uveal tract has been 
described  [  16  ] . The choroid can be diffusely 
thickened and sometimes in fi ltrated with 
in fl ammatory cells primarily made up of reactive 
T cells, macrophages, and B lymphocytes  [  15, 
  21  ] . The RPE detachments from sub-RPE tumor 
cell deposits can evolve to RPE atrophy, photore-
ceptor layer atrophy, and disciform scars  [  32  ] . 
Tumor cells are typically arranged around blood 
vessels in the retina and/or brain. Extensive 
in fi ltration of the retina and optic nerve head may 
lead to coagulative necrosis  [  14,   16  ] . 

 Most PVRLs are monoclonal B-cell lymphomas 
 [  3,   6–  8  ] . A minority of cases are of T-cell origin 
and can simulate a reactive in fl ammatory pro-
cess. Immunohistochemical stained sections or 
immunophenotyping by  fl ow cytometry showing 
a monoclonal response of B-cell markers such as 
CD19, CD20, and CD22 with either a kappa or 
lambda light chain restricted expression help 
make the diagnosis in cases where cytopathology 
is equivocal  [  6,   30  ] . Flow cytometry can analyze 
multiple markers simultaneously. The number of 
cells required to perform cell typing was the 
limiting factor in studying immune characteriza-
tion of PVRL by  fl ow cytometry  [  6  ] . Furthermore, 
some B-cell lymphomas do not express surface 
markers, thus preventing its recognition by  fl ow 
cytometry  [  6  ] . Immunohistochemistry for T-cell 
markers such as CD3 and/or PCR for T-cell 
receptor gene rearrangements can help identify 
PVRL of T-cell origin  [  6  ] . 

 PCR analysis can demonstrate the monoclonal 
proliferation of B lymphocytes in the vitreous  [  6,   7  ] . 

  Fig. 13.6    Cytological examination of a vitrectomy spec-
imen showing lymphoma cells with large round nuclei 
with indistinct cytoplasm       
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It can also demonstrate the bcl-2 oncogene 
indicating the presence of a t(14;18)  translocation, 
an immunoglobulin heavy chain gene rearrange-
ment indicating a B-cell lymphoma, and rear-
rangements of the T-cell receptor gamma gene 
indicating the presence of a T-cell lymphoma   . 
The presence of multiple in fl ammatory cells 
found in conjunction with the lymphoma cells 
renders conventional PCR techniques less speci fi c 
and sensitive. A novel way of obtaining material 
of higher purity for PCR has been described  [  6  ] . 
The histological slides are prepared in the usual 
manner. Under direct visualization from the light 
microscope, the cells of interest are identi fi ed and 
scraped from the slide with a 30-gauge needle or 
with laser capture. These are then placed in a 
single-step extraction buffer, which happens to 
be the starting point for PCR. PCR is then 
performed as usual. Demonstration of rearrange-
ment of the IgG heavy chain con fi rms mono-
clonality  [  6  ] . 

 Intravitreal interleukin-10 (IL-10) levels may 
help in the diagnosis of PVRL  [  6,   7,   44  ] . IL-10 is 
a growth and differentiation factor for B lympho-
cytes and plays a role in the growth of lym-
phocytic leukemia, AIDS, lymphoma, Burkitt’s 
lymphoma, and other NHL. Intravitreal IL-10 
levels that correlated with the severity of the 
vitritis were detected in 3 patients with PVRL by 
enzyme-linked immunosorbent assay (ELISA) 
 [  44  ] . In this same study, intravitreal IL-10 was 
not detected in any other uveitic conditions such 
as sarcoid, acute retinal necrosis, and endophthal-
mitis. Cerebrospinal  fl uid (CSF) levels of IL-10 
were suggestive of the presence of malignant 
cells. Intravitreal IL-6 levels were shown to be 
elevated in patients with intraocular in fl ammation 
unrelated to malignancies. Others have suggested 
using the ratio of IL-10 to IL-6 to control for the 
dilution factor involved in obtaining the vitreous 
sample from the vitrectomy cassette. An intrav-
itreal IL-10/IL-6 >1 provides a 75% speci fi city 
and sensitive to distinguish PVRL from other 
conditions. Aqueous levels of IL-10 are also 
signi fi cantly high in PVRL  [  44  ] . Aqueous levels 
of IL-10 greater than 50 pg/mL give a sensitivity 
of 89% and a speci fi city of 93% for detecting 
PVRL. Similarly, intravitreal levels of IL-10 
greater than 400 pg/mL yield a sensitivity of 80% 

and a speci fi city of 99%. Since T cells do not 
secrete IL-10, low IL-10 levels may suggest a 
T-cell lymphoma  [  6  ] . However, cytopathologic 
 fi ndings combined with immunophenotyping are 
considered gold standard for the diagnosis of the 
lymphoma and subsequent treatment.  

   Treatment 

 Effective treatment of PVRL has been dif fi cult 
to determine because of its rarity. Furthermore, 
the small number of patients receiving each 
therapy makes comparisons between studies 
dif fi cult. The natural history of PVRL seems to 
be death from progression of CNS disease 
 [  14,   25  ] . In patients with PVRL, the interval 
between diagnosis of PCNSL and death was of 
12 months  [  25  ] . Therefore, the goal of treatment 
should be the eradication of CNS and intraocular 
disease. The treatment protocol will depend on 
whether or not the patient has isolated PVRL or 
has concurrent CNS disease. Treating the ocular 
disease prior to CNS involvement probably 
improves survival  [  29  ] . However, the results of 
an international multicenter retrospective study 
were not able to con fi rm the bene fi ts on survival 
of treating ocular lymphoma  [  45  ] . 

 In order to better understand treatment of 
PVRL, an understanding of the unique charac-
teristics of PCNSL is required. Unlike other 
brain tumors, complete resection of PCNSL has 
not been shown to improve survival over sup-
portive care and therefore has no therapeutic role 
 [  42  ] . Likewise, removal of an eye involved by 
PVRL in an otherwise healthy person does not 
constitute a cure either  [  22  ] . The existence of the 
blood-brain barrier has been a limiting factor in 
the penetration of systemic chemotherapeutic 
agents into the CNS and eye. Although PCNSL 
disrupts the blood-brain barrier, disruption may 
be limited to areas of bulky tumor, whereas areas 
of microscopic disease may have a relatively 
well-preserved blood-brain barrier. Thus, chemo-
therapy protocols such as CHOP (cyclophos-
phamide, hydroxydaunomycin, oncovin, and 
prednisone) that are generally effective in sys-
temic lymphoma are ineffective in PCNSL and 
PVRL  [  46,   47  ] . 
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 Untreated patients with PCNSL survive an 
average of 1.5 months. Whole brain radiation 
therapy was once the treatment of choice for 
PCNSL  [  42,   48  ] . In one prospective study, 41 
patients with PCNSL underwent whole brain 
radiation therapy consisting of 40 Gy with a 
20-Gy tumor boost. Despite the high response 
rate of 90%, 68% of patients relapsed and the 
median survival was only 11.6 months. Similarly, 
the mainstay of therapy for PVRL used to be irra-
diation to the CNS and/or eye  [  46,   49,   50  ] . The 
initial response was dramatic, but recurrences 
were typical. Shrinkage of the retinal and/or 
intracranial lesions was observed following radi-
ation therapy. The radiation dose varied between 
30 and 50 Gy in fractions of 1.5–2.0 Gy. Some 
had proposed to irradiate the fellow eye even if 
not currently involved  [  50  ] . Prophylactic radia-
tion treatment of 45 Gy to the whole brain was 
recommended even if no CNS involvement was 
documented  [  50  ] . However, Isobe et al.  [  49  ]  
reported that 2 of 9 patients who received pro-
phylactic cranial irradiation developed CNS dis-
ease compared to 1 of 4 patients that did not 
receive prophylactic cranial irradiation. This 
suggests that cranial irradiation is ineffective as 
a prophylactic measure to prevent CNS disease. 
In one series despite adequate radiation therapy, 
7 of 9 patients eventually died of CNS disease 
progression. In another study, recurrent CNS 
disease was the cause of death in 12 of 13 
patients. 

 Prognosis is poor with ocular irradiation with a 
median survival of 20 months  [  46,   50  ] . This is 
slightly better than PCNSL treated with steroids 
and radiation where the median survival is only 
10–18 months  [  42  ] . In general, radiation therapy 
offers satisfactory local control for patients with 
isolated PVRL; however, it has fallen out of favor 
since it does not treat or prevent PCNSL  [  46  ] . If 
no additional treatment is given to treat or prevent 
PCNSL, 90% of the patients will develop or have 
a relapse of PCNSL  [  25  ] . Visual acuity rarely 
returns to normal due to complications secondary 
to ocular radiation therapy such as conjunctivitis, 
cataract, vitreous hemorrhage, radiation retinop-
athy, and retinal atrophy  [  46,   50  ] . Finally, ocular 
radiation therapy cannot be repeated if a relapse 

occurs  [  46  ] . However, Berenbom et al.  [  51  ]  
challenged the notion that radiotherapy should be 
abandoned as  fi rst-line therapy for ocular disease 
without CNS involvement. They claimed that 
PVRL is more radiosensitive than PCNSL and 
thus can be treated with lower radiation doses of 
35–40 Gy given in 15 fractions to both globes 
rather than the typical 50 Gy used in the treatment 
of CNS disease. Furthermore, they mentioned 
that customized blocks made following computed 
tomographic simulation may minimize normal 
tissue toxicity  [  51  ] . 

 B-cell neoplasms are responsive to chemo-
therapy  [  42,   47,   48  ] . Chemotherapy may be 
administered by intrathecal, intravenous, or intra-
vitreal routes. The blood-brain barrier and the 
blood ocular barrier limit the penetration of sys-
temic chemotherapeutic agents into the CNS and 
eye. There is not enough information to deter-
mine if one drug or drug regimen is superior over 
the others, but intraocular penetration as well as 
CNS drug penetration are essential characteris-
tics  [  46  ] . Methotrexate (MTX) and cytosine 
arabinoside (ARA-C) are favored by most inves-
tigators in the  fi eld because they appear to reach 
therapeutic levels in the vitreous after intravenous 
administration  [  46  ] . Fifty to eighty percent of 
patients with PCNSL show a complete response 
to high-dose MTX  [  47,   48  ] . ARA-C also reaches 
cytotoxic levels in the CSF. Chemotherapy has 
been employed for PCNSL and PVRL at relapse 
causing remission but not a cure  [  47,   48  ] . Several 
investigators felt that chemotherapy should not 
be reserved for recurrent disease and recom-
mended combined radiotherapy and chemother-
apy as initial therapy for PVRL and PCNSL  [  42  ] . 
The response to ARA-C has not been uniform. 
Three patients treated with a combination of radi-
ation therapy to the brain and orbits, intrathecal 
ARA-C, and intravenous MTX treatment were 
still alive after 36 months  [  50  ] . In another study, 
three patients with PVRL, two of whom also had 
PCNSL, were treated with intravenous MTX, 
intravenous high-dose ARA-C, intrathecal MTX, 
and radiation therapy to the brain and orbits. All 
patients had a complete response including the 
CNS and have remained disease free for at least 
2 years following completion of treatment  [  46  ] . 
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In one study, a patient with PCNSL developed 
bilateral vitreoretinal involvement while on high-
dose ARA-C  [  42  ] . In another study, 5 out of 7 
patients treated with ARA-C had a relapse after 
treatment. They reported a 81% complete 
response rate and a median survival of 44.5 months 
 [  25  ] . Conjunctivitis, keratitis, and ocular irrita-
tion are common in patients receiving high-dose 
IV ARA-C. Periorbital edema, blepharitis, con-
junctival hyperemia, and photophobia have been 
reported with intravenous MTX  [  46  ] . Despite the 
lack of a uniform response, chemotherapy in 
combination with radiation therapy improves 
median survival to 40 months with 25% of 
patients surviving 5 years or more. However, 
ocular relapse is common occurring in up to 50% 
of patients; the mean interval between diagnosis 
and death was almost 16 months  [  42,   46  ] . 

 As patients survive longer with combination 
therapy, late neurological sequelae of radiation 
therapy that affect quality of life such as neu-
rocognitive disorders and irreversible visual loss 
have been observed, especially in patients older 
than 50 years of age  [  42,   46–  48  ] . Protocols utilizing 
chemotherapy alone without radiation therapy as 
primary therapy have been investigated  [  47,   48  ] . 
In one trial, the median survival was 30.5 months, 
while in another, the median survival had not 
been attained after a mean follow-up of 3.3 years. 
High doses of intravenous MTX (8 g/m2) achieve 
therapeutic levels in both the aqueous and vitreous 
 [  46  ] . Nine patients with either PCNSL and PVRL 
or isolated PVRL were treated with only intrave-
nous MTX at high doses. This protocol consisted 
of an induction phase of 8 g/m  [  2  ]  MTX every 
14 days until a complete response, a consolida-
tion phase of 8 g/m  [  2  ]  MTX twice a month for a 
month, and a maintenance phase of 8 g/m  [  2  ]  
MTX every 28 days for 11 doses. Four of the nine 
patients had a sustained response to the intrave-
nous MTX. The remaining  fi ve patients required 
ocular radiation therapy. The lack of a sustained 
response of these 5 patients is probably a 
re fl ection of the fact that intravitreal levels of 
MTX are much lower than the aqueous levels. In 
a retrospective study of eight patients with PVRL 
that were treated solely with systemic chemo-
therapy, 100% relapsed. The chemotherapeutic 

regimen consisted of either ARA-C or MTX in 
all patients. Some patients also received procar-
bazine and vincristine. The relapse occurred in 
the eyes in 75% and in the CNS in 25%  [  46  ] . 
Others have favored hyperosmolar blood-brain 
barrier disruption (HBBBD) chemotherapy to 
treat PCNSL  [  52  ] . Intra-arterial mannitol is used 
to disrupt the blood-brain barrier. The chemo-
therapeutic agents used included cyclophosph-
amide, MTX, leucovorin, procarbazine, and 
dexamethasone. Patients treated with this proto-
col experienced a greater mean survival from 
diagnosis in addition to preservation of cognitive 
function as compared to patients treated with 
conventional radiotherapy  [  52  ] . Fifty-four to 
sixty- fi ve percent of patients treated with HBBBD 
may develop a pigmentary maculopathy  [  46  ] . 
This maculopathy is bilateral but asymmetric. It 
is characterized by  fi ne clumps of RPE hyper-
pigmentation in the foveal region associated 
with a variable loss of the RPE. Permanent and 
progressive visual loss may result from this 
maculopathy. 

 The alkylating cytostatic agent, trofosfamide, 
that has been used as maintenance therapy in 
hematologic malignancies, and its main metabo-
lite ifosfamide, which can reach cytostatic levels 
in the CNS, have both been investigated in PVRL 
 [  53  ] . Trofosfamide has an excellent bioavail-
ability of almost 100%. It has been used success-
fully in the treatment of PCNSL. Its side effects 
include a dose-related hematotoxicity, nausea, 
and vomiting. The response rate was high but so 
was the relapse rate. Thus, the authors concluded 
that both ifosfamide and trofosfamide were prom-
ising candidates for combination therapy  [  53  ] . 
Clearly systemic chemotherapy without local 
therapy does not appear to be suf fi cient in the 
treatment of PVRL. 

 The addition of high-dose MTX to the treat-
ment protocol of PVRL and PCNSL has greatly 
improved the prognosis for these patients  [  47, 
  48  ] . Nevertheless, anywhere from 35% to 60% of 
patients do not respond to treatment. Furthermore, 
up to 60% of patients that initially have a com-
plete clinical remission develop a relapse. If no 
treatment is given, the overall survival of recur-
rent PCNSL is only 5 months. Less than 50% of 
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these patients have a second complete remission. 
Salvage radiotherapy, which can only be given to 
those patients who did not receive it, previously 
increases the overall survival to 11 months. 
Intensive chemotherapy followed by hematopoi-
etic stem cell rescue (IC + HCR) appears to be 
promising  [  47  ] . In a small prospective trial of 11 
patients with PVRL, 11 patients were prospec-
tively treated with ESHAP (cisplatin, VP-16, 
ARA-C, methylprednisolone) plus intrathecal 
steroids, MTX, and ARA-C, and whole brain and 
ocular radiation therapy in some cases; or alter-
nating ESHAP and high-dose MTX; or just high-
dose MTX as primary treatment. All the patients 
experienced either treatment failure or relapse. 
Second-line therapy was given to nine patients 
and included ocular and whole brain radio-
therapy, high-dose MTX, or a combination of 
holoxan, natulan, and thiotepa. Disease progres-
sion was documented in all the nine patients that 
underwent second-line treatment. Of these nine 
patients,  fi ve were treated with doses of busulfan, 
thiotepa, and cyclophosphamide, followed by 
autologous bone marrow transplant. They 
achieved complete remission. None of the patients 
experienced CNS progression. Of these patients, 
two relapsed after 6 months but the other three 
were disease free after 15 months. A more recent 
study from the same group expands on their 
initial experience. Selection criteria for IC + HCR 
included patients with refractory or recurrent 
PCNSL that responded to two salvage cycles of 
ARA-C and etoposide (VP-16) or patients with 
PVRL that failed treatment with high-dose MTX 
and ARA-C. Nine out of 12 patients achieved 
clinical remission with a median survival greater 
than 53 months. However, 5 of 7 patients older 
than 60 years old died during therapy. A larger 
multicenter trial of 43 patients validated the value 
of IC + HCR as salvage treatment for PCNSL and 
PVRL. After a median follow-up of 36 months, 
the median overall survival and the median 
progression-free survival were 18.3 and 
11.6 months in the whole cohort compared to 
58.6 and 41.1 months in patients that completed 
IC + HCR, respectively. Patients who responded 
to the salvage cycles of ARA-C and VP-16 and 
went on to IC + HCR had the best prognosis. In 

this subgroup, the median overall survival and 
median progression-free survival had not been 
reached at 36 months. Of concern was the devel-
opment of late neurotoxicity in 5 (11%) patients, 
including 3 with severe cognitive impairment, 
which proved to be fatal in one patient. Since 
neuropsychometric testing was not performed at 
baseline, it remains unclear if IC + HCR was 
responsible for this adverse event as many patients 
had received radiation therapy as part of their 
primary or secondary treatment  [  47  ] . 

 Intravitreal chemotherapy for PVRL has been 
advocated given the disadvantages of ocular radi-
ation therapy and the poor ocular penetration of 
systemic chemotherapy  [  46  ] . Several chemother-
apeutic agents, including MTX, have been tested 
intravitreally in rabbits. No evidence of retinal 
toxicity was found for MTX using electroretin-
ography and light microscopy. A single intravit-
real injection of 400  m g of MTX can lead to a 
prolonged intravitreal tumoricidal concentration 
(>0.5  m M for 48–72 h in the rabbit eye) lasting 
longer than that achieved by systemic administra-
tion. Several investigators have reported that 
serial injections of 400  m g of intravitreal MTX 
clear the eye of lymphoma cells (Figs.  13.7 ,  13.8  ,  
and  13.9a ,  b ). Another group reported their suc-
cess with intravitreal MTX in achieving remis-
sion in a patient with an aggressive recurrent 

  Fig. 13.7    Same patient as in Figs.  13.1 ,  13.3 , and  13.5 . 
Slit lamp examination of a patient with intraocular 
lymphoma. The right eye demonstrates the presence of 
keratic precipitates more prominent in the right eye 
(shown) and 1+ cells in the anterior chamber (Courtesy of 
Raul Vianna, M.D.)       
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PVRL. Based on their good experience of 
10 years, Frenkel et al.  [  54  ]  proposed intravitreal 
MTX as  fi rst-line treatment for PVRL. Their 
protocol consisted of an induction phase of two 
injections of 400  m g of intravitreal MTX per 
week for a month, followed by a consolidation 
phase consisting of a weekly injection for 
2 months, and  fi nally a maintenance phase of a 
monthly injection for a year. In their series of 44 
eyes that were followed for a median of 21 months 
(range, 3–120 months), clinical remission was 
obtained after a mean of 6.4 injections (range, 
2–16 injections). Fourteen patients died from 
their CNS or systemic lymphoma after a median 

of 17 months (range, 3–84 months). None of the 
patients had an ocular relapse. Interestingly, in 
those patients with bilateral disease, there was no 
difference in the response to intravitreal MTX 
between the eye that underwent the diagnostic 
vitrectomy and the fellow eye. The visual acuity 
in most patients remained stable or improved  [  54  ] .    

 Local recurrences and MTX resistance fol-
lowing intravitreal MTX monotherapy have been 
reported by others  [  39  ] . A patient with PVRL and 
PCNSL that had a complete resolution of her 
disease with systemic chemotherapy developed a 
relapse in her right eye and was treated with 
multiple injections of intravitreal MTX. Complete 
resolution of her disease was documented, but 
recurrences were noted over the next 18 months. 
It was noted that the PVRL became less and less 
responsive to intravitreal MTX. Examination of 
the intraocular lymphoma cells revealed that 
there was an aberrant expression of multidrug 
resistance protein (MRP) and decreased expres-
sion of both reduced folate carrier (RFC) and 
folate binding protein (FBP). This suggests that 
this patient’s PVRL cells acquired the ability to 
reduce the intracellular accumulation and metab-
olism of MTX  [  55  ] . To decrease the chances of 
resistance, cases of recurrent PVRL have been 
treated with a combination of MTX and dexam-
ethasone in one case and MTX and thiotepa in 
the other case. Another patient with recurrent 
bilateral PVRL was treated with several treatment 

  Fig. 13.8    Same patient as in Figs.  13.1 ,  13.3 ,  13.5 , and 
 13.7 . Slit lamp examination of the patient with intraocular 
lymphoma (right eye) in Fig.  13.1  after 2 months of intra-
vitreal methotrexate (Courtesy of Raul Vianna, M.D.)       

  Fig. 13.9    Same patient as in Figs.  13.1 ,  13.3 ,  13.5 ,  13.7 , 
and  13.8 . ( a ) Fundus examination of a patient with 
intraocular lymphoma (right eye) in Figs.  13.2  and  13.3  
after 2 months of intravitreal methotrexate. ( b ) 
Arteriovenous phase  fl uorescein angiogram demonstrat-

ing multiple areas of disturbances at the level of the retinal 
pigment epithelium (RPE). Window defects might repre-
sent areas of tumor resolution with secondary RPE atro-
phic changes (Courtesy of Raul Vianna, M.D.)       
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cycles of 200  m g of intravitreal MTX (given on 
days 1, 5, and 8) and 7.5 mg of periocular dexam-
ethasone phosphate (injected on day 9) over a 
course of 5 months. Complete regression of the 
PVRL was sustained over a period of 24 months 
 [  46  ] . Based on pharmacokinetic data obtained in 
the rabbit eye, Velez and associates  [  56  ]  devised 
an intravitreal chemotherapy treatment cycle 
consisting of 400  m g of intravitreal MTX (given 
on days 1, 4, and 6),  fl uorouracil 500  m g (injected 
on day 2), and 500  m g of dexamethasone sodium 
phosphate on day 7. They reasoned that using this 
protocol would provide intravitreal antitumor 
activity for 8 days. This would allow most cells 
that are active in the cell cycle to pass through the 
S phase and be exposed to the drug. MTX exhib-
its a maximal antineoplastic cytotoxic synergistic 
response with  fl uorouracil when  fl uorouracil is 
given 24 h after MTX exposure. Since steroids 
are cell cycle nonspeci fi c and are cytotoxic to 
lymphoma cells at all stages of the cell cycle, 
dexamethasone is given at the end of the cycle to 
treat those cells that do not progress through the 
S phase. In addition, steroids can treat a potential 
in fl ammatory reaction that may result from the 
necrosis of tumor cells  [  56  ] . Adverse reactions to 
intravitreal MTX have been reported and include 
 fi lamentary keratitis that resolved with topical 
folinic acid, corticosteroid responsive sterile 
endophthalmitis, and vitreous hemorrhage  [  46, 
  54  ] . Other complications that could not be 
directly attributed to the intravitreal MTX 
included irreversible loss of visual acuity, neo-
vascular glaucoma, optic atrophy, maculopathy, 
and progression of cataract. In order to avoid the 
repetitive intravitreal injections of MTX and its 
potential complications, researchers have studied 
alternative drug delivery methods in rabbits such 
as subconjunctival injections and trans-scleral 
hydrogel iontophoresis. Unfortunately, therapeutic 
levels of MTX were achieved in the aqueous but 
not in the vitreous with both methods  [  46  ] . 

 Most PVRL and PCNSL are B-cell neoplasms 
that express the cell surface molecule CD20  [  45, 
  46,   57  ] . Rituximab (Rituxan, Genentech, Inc., 
South San Francisco, CA, USA) is a humanized 
mouse monoclonal antibody directed against 

the CD20 B-cell antigen  [  46,   57  ] . It has been 
approved for systemic use in patients with B-cell 
lymphomas. Its ef fi cacy in PCNSL has been 
limited by its poor penetration of the blood-
brain barrier when given as a systemic infusion. 
To enhance CSF levels, intraventricular injection 
of rituximab through an Ommaya reservoir has 
been reported. In an animal model, intravitreal 
and intracerebral rituximab eradicated lymphoma 
in more than 50% of animals and signi fi cantly 
inhibited tumor progression in the remainder. 
Light microscopic histopathologic studies in 
rabbits have shown a lack of retinal toxicity 
following a single intravitreal injection of 
1 mg/0.1 mL of rituximab. Rituximab has been 
shown to be able to penetrate full thickness retina 
in rabbit eyes, which is an important property 
given that subretinal in fi ltrates are often found in 
PVRL. Clinical studies in rabbits showed mild 
vitritis in all four eyes examined with in fl ammatory 
cells in fi ltrating the optic nerve and ciliary body. 
Serial intravitreal injections of rituximab appear 
to be well tolerated in human eyes. Pharma-
cokinetic studies in rabbits demonstrate a half-
life of 4.7 days, implying that injections should 
be given every 2 weeks. Preliminary results 
regarding the use of intravitreal rituximab in the 
treatment of PVRL are encouraging and promising. 
However, further research is needed in particular 
to determine the most appropriate dose, dosing 
sequence, and length of treatment. Validation of 
its ef fi cacy against PVRL also is needed  [  46,   57  ] . 

 Several novel experimental immunotherapies 
are currently under investigation  [  39,   46  ] . Target-
speci fi c killing using recombinant immunotoxin 
HA22 therapy has been successfully tested in a 
mouse model of PVRL. Ocular immune privilege 
promotes tumor growth by interfering with the 
development of innate and adaptive immunity. The 
membrane only form of Fas ligand (FasL) termi-
nates immune privilege inducing systemic protec-
tive immunity. Co-inoculation of the anterior 
chamber of several mice with lymphoma cells and 
microvesicles expressing either membrane FasL 
or no FasL showed that membrane FasL elimi-
nated the lymphoma cells and prevented metastatic 
spread in most of the treated mice  [  46  ] .  
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   Controversies and Perspectives 

 It has been nearly 60 years since the  fi rst descrip-
tion of an intraocular masquerade syndrome 
secondary to lymphoma  [  11  ] . Much has been 
learned in these six decades yet there is still 
plenty to learn. Perhaps one of the main unan-
swered remaining quests is the elusive cellular 
origin of PVRL  [  10  ] . Some evidence points to a 
germinal center origin, whereas other evidence 
points to an early post-germinal center origin 
 [  10  ] . The cellular origin has important implica-
tions since in systemic DLBCL, the prognosis 
depends on the molecular subtypes. There is 
con fl icting evidence as to whether the treatment 
of PVRL in fl uences the prognosis for survival 
 [  29,   45  ] . There is no general consensus with 
regard to the best treatment in patients with 
isolated PVRL. The initial excitement with 
systemic chemotherapy has been dampened by 
the high rates of ocular relapse and progression 
to CNS disease  [  46  ] . It is possible that precise 
genetic pro fi ling of each individual patient with 
PVRL may allow to individualize treatment 
to improve the outcomes in this devastating 
disease  [  39  ] .  

   Focal Points 

    PVRL forms part of the spectrum of PCNSL.  • 
  PVRL is a high-grade NHL, usually of B-cell • 
type, with a poor prognosis due to CNS disease.  
  A high index of suspicion, in particular of any • 
patient with a uveitis that is unresponsive to 
steroids, is essential in diagnosing PVRL.  
  A single vitreous biopsy may not always be • 
diagnostic of PVRL.  
  Cytological analysis remains the gold stan-• 
dard for diagnosing PVRL.  
  Cytokine analysis,  fl ow cytometry, and molec-• 
ular analysis are useful adjuncts in the diag-
nosis of PVRL.  
  Methotrexate is the cornerstone of any chemo-• 
therapeutic regimen for PCNSL/PVRL.  
  Systemic chemotherapy alone may not be • 
suf fi cient treatment for PVRL, even with 

drugs that penetrate the eye such as ARA-C 
and MTX.  
  Ocular relapse is common both in patients • 
treated for CNS disease and those success-
fully treated for ocular disease.     
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  14      Choroidal    and Retinal Metastasis       

     Carol   L.   Shields        and    Jerry   A.   Shields          

  Abstract 

 Metastasis to the eye involves the choroid (88%), iris (9%), or ciliary body 
(2%), and rarely the retina (<1%). Intraocular metastases most commonly 
originate from primary cancers in the breast (47%), lung (21%), gastroin-
testinal tract (4%), kidney (2%), skin (melanoma) (2%), prostate gland 
(2%), and other sites (4%). Metastases are unilateral in 76% of cases and 
bilateral in 24%. Patient prognosis is poor, and those with metastatic skin 
melanoma or lung carcinoma typically show survival less than 1 year. 
Those with metastases from breast cancer show survival of 65% at 1 year, 
34% at 3 years, and 24% at 5 years.  

  Keywords 
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   Introduction 

 In the 2008 annual report to the nation on the 
status of cancer in America from the collabora-
tive work of the National Cancer Institute (NCI), 
American Cancer Society, Centers for Disease 
Control and Prevention (CDC), and the North 
American Association of Central Cancer 
Registries (NAACR), it was documented that 

the incidence and death rates from all cancers 
combined decreased signi fi cantly  [  1  ] . These 
decreases were driven by declines in incidence 
and death rate for the three most common 
cancers in men including lung, colorectum, and 
prostate cancers. Additionally, two of the three 
leading cancers in women declined including 
breast and colorectum cancers. The lung cancer 
death rate in women leveled off. They empha-
sized that even though the overall lung cancer 
death rate had stabilized, this  fi nding varied by 
region as in areas of high cigarette smoking 
prevalence, such as the southern and midwestern 
states, the death rate actually increased. They 
advised improvement in state tobacco control 
programs. 
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 Systemic cancers can metastasize to the eye. 
The most common cancers to spread to the 
ocular structures include breast and lung cancer 
 [  2  ] . The decreasing incidence of these cancers 
could impact the frequency of ocular metastasis. 

 Historically, metastatic tumors to the eye were 
believed to be rare. A classic ophthalmic text-
book in 1966 stated that few surgeons had 
observed more than one case of ocular metastasis 
 [  3  ] . Later, it was realized that ocular metastases 
were more common, and over the past 50 years, 
there have been several reports on the incidence 
and prognosis of patients with metastatic tumors 
to the eye  [  4–  12  ] . Albert and associates found 
that 2% of 213 patients with known systemic 
cancer and metastases had choroidal metastases 
 [  5  ] . Bloch and Gartner reported that 8% of eyes 
in 230 patients with autopsy-proven carcinomas 
had histologically con fi rmed uveal metastatic 
foci  [  7  ] . Nelson and coworkers found in an 
autopsy study that 4% of patients dying of carci-
noma had ocular metastases  [  10  ] . They estimated 
that in the year 1983, 22,000 patients who died of 
cancer had ocular metastatic disease  [  10  ] . 

 Most reports on ocular metastases come from 
pathology laboratories or from general cancer 
centers where patients have had known primary 
cancers and/or metastatic disease and the eyes 
were subsequently examined. These studies have 
focused on the source of the primary tumor, as 
well as on general clinical and histopathologic 
features of the tumor (derived from autopsy or 
pathology reports in some instances)  [  4–  8,   10  ] . 
Ocular metastases on  fi le at the Armed Forces 
Institute of Pathology were reviewed by Hart in 
1962  [  4  ]  and Ferry and Font in 1974  [  8  ] . 

 There are only a few comprehensive reports 
on the clinical features of ocular metastases 
from an ophthalmologic point of view. In 1979, 
Stephens and Shields reviewed 70 cases of uveal 
metastases and provided general details on the 
clinical  fi ndings of these tumors  [  9  ] . In 1997, 
Shields and coworkers reported extensive detail 
on the clinical features and management of uveal 
metastases in a large group of 420 consecutive 
patients  [  2  ] . Later,  fi ndings on the features of 
metastasis to the optic disk were reported  [  13  ] . 

Others have focused on the features of uveal 
metastases from speci fi c primary sites such as 
breast  [  14–  20  ] , prostate  [  21  ] , skin  [  22–  25  ] , and 
carcinoid tumors  [  26  ] . In 1987, Freedman and 
Folk reported on the clinical aspects of metastatic 
tumors to the choroid in 61 patients, and they 
addressed speci fi cally the factors affecting the 
median survival time after ocular diagnosis  [  11  ] . 
Later, Shields and Shields summarized their 
experience with clinical features, diagnostic tech-
niques, and management of intraocular metastases 
in a textbook and comprehensive atlas on ocular 
tumors  [  27,   28  ] .  

   Primary Cancer Sites Leading 
to Intraocular Metastasis 

 Metastatic tumors generally spread to the ocular 
region via hematogenous dissemination. Metas-
tases can occur in the intraocular structures such 
as the uvea, retina, optic disk, or vitreous cavity, 
and they can manifest in the adnexal structures like 
the eyelid, conjunctiva, or orbit  [  1,   2  ] . The great 
majority of ocular metastases are detected in the 
uvea. In an analysis of 950 individual uveal metas-
tases, metastatic tumors most often occurred in the 
choroid (88%) and less frequently in the iris (9%) 
or ciliary body (2%)  [  2,   29  ]  (Fig.  14.1 ). Rarely, 
ocular metastases are found in the retina, optic 
disk, or vitreous  [  13,   27,   28  ] .  

 Uveal metastases most commonly originate 
from primary cancers in the breast (47%), lung 
(21%), gastrointestinal tract (4%), kidney (2%), 
skin (melanoma) (2%), prostate gland (2%), and 
other sites (4%)  [  2  ]  (Table  14.1 ) (Fig.  14.2 ). In 
approximately 17% of all patients, the primary 
tumor site remains unknown. At the time of pre-
sentation with a uveal metastasis, approximately 
30% of patients have no known history of primary 
cancer  [  2  ] . Subsequent evaluation of these 
patients reveals a primary tumor most commonly 
in the lung (35%) and less frequently in the breast 
(7%) and others sites (6%) (Fig.  14.3 ). Despite 
repeated evaluation, the primary site in these 
select patients who present without a history of 
cancer remains unknown in 51% of patients. 
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  Fig. 14.1    Anatomic 
location of 950 consecutive 
uveal metastases  [  2  ]        

   Table 14.1    Uveal metastases related to site of primary cancer in 520 eyes of 420 patients  [  2  ]    

 Primary site of tumor 

 Breast  Lung  Kidney  GI  Skin  Prostate  Others  Unknown 

 Eyes [n = 520]  260  108  19  10  11  11  20  81 
 Patients [n = 420]  196   90  18  9  9  9  16  73 
 Age a (years) [n = 420]   56   57  60  65  50  67  57  64 
 Race [n = 420] 
  Caucasian  175   80  17  9  9  8  15  67 
  African-American   17   10  1  0  0  0  1  5 
  Others   4   0  0  0  0  1  0  1 
 Sex [n = 420] 
  Male   2   55  13  8  5  9  5  40 
  Female  194   35  5  1  4  0  11  33 
 Laterality [n = 420] 
  Unilateral  132   72  17  8  7  7  12  65 
  Bilateral   64   18  1  1  2  2  4  8 
 Symptoms [n = 520] 
  None   28   12  4  1  1  3  2  8 
  Blurred vision  192   68  14  5  4  7  12  59 
  Flashes,  fl oaters   35   14  0  2  2  0  6  6 
  Pain   5   14  1  2  4  1  0  8 
 Other ocular metastases 
  Eyelid   1   0  0  0  1  0  1  0 
  Orbit   2   1  0  1  0  1  0  2 
  Conjunctiva   2   1  0  0  2  0  1  2 
  Retina   2   1  0  0  0  0  0  2 
  Optic disk   10   1  1  0  0  0  2  10 
 Location uveal metastases 
  Iris [n = 43]   17  8  2  1  4  1  2  8 
  Ciliary body [n = 21]   4  2  2  1  3  1  1  7 
  Choroid [n = 479]  252  98  18  8  5  10  17  71 

(continued)
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 Primary site of tumor 

 Breast  Lung  Kidney  GI  Skin  Prostate  Others  Unknown 
 Number a  uveal metastases/location 
  If iris   2  1  1  2  1  1  7  1 
  If ciliary body   1  1  1  1  1  1  1  1 
  If choroid   2  1  1  1  2  1  1  2 
 Choroidal metastasis (largest tumor) 
 Base a    8  9  9  8  7  9  10  8 
 Thickness a    2  3  4  4  1  3  2  3 
 Color [n = 479] 
  Yellow  249  90  17  5  0  9  12  66 
  Brown/gray   2  1  1  0  5  0  5  3 
  Orange   1  7  0  3  0  1  0  2 
 Shape [n = 479] 
  Plateau  197  55  7  1  3  5  12  45 
  Dome   55  43  11  7  2  5  5  24 
  Mushroom   0  0  0  0  0  0  0  2 

   GI  gastrointestinal 
  a mean  

Table 14.1 (continued)

  Fig. 14.2    Location of primary cancer in 420 patients with uveal metastases  [  2  ]        
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Nearly one-half of such patients with no detect-
able primary site die of diffuse metastatic disease 
shortly after the ocular diagnosis  [  2  ] .     

   Patient Pro fi le 

 Breast cancer is by far the most common malig-
nancy to metastasize to the uvea, accounting for 
39–49% of all uveal metastasis  [  2,   5–  12  ] . In a 
review of 3,802 breast cancer patients, Kamby 
and coworkers reported the  fi ve most common 
sites of metastasis from breast cancer were the 
lung (71%), bone (71%), lymph nodes (67%), 
liver (62%), and pleura (50%)  [  30  ] . Ocular metas-
tasis from breast cancer occurs in 9–37% of 
patients depending on the source of the study  [  7, 
  10,   16  ] . Uveal metastases represent the smallest 
detectable lesions of systemic dissemination of 
breast cancer and occur at a median of 3 years 
following diagnosis of the primary tumor  [  16  ] . 

 Uveal metastases are more commonly found 
in women, primarily due to the high frequency 
of breast cancer metastatic to the eye. In an 
analysis of 450 patients with uveal metastases 
from all primary cancer sites, the tumor was 
found in men in 33% and women in 67%  [  2  ] . 
Uveal metastases in men originated from can-
cer of the lung (40%), gastrointestinal tract 
(9%), kidney (6%), skin (melanoma) (4%), 
prostate gland (6%), breast (1%), others (4%), 
and unknown primary site (29%)  [  2  ] . Single 
cases of breast cancer metastatic to the eye in 
men have been published (see Table  14.1 )  [  31, 
  32  ] . Uveal metastases in women were from 
cancer of the breast (68%), lung (12%), gastro-
intestinal tract (2%), kidney (<1%), skin (mela-
noma) (1%), others (4%), and unknown (12%) 
 [  2  ] . In an analysis of 264 patients with uveal 
metastases from breast cancer, the primary 
tumor was found in women in 99% and men in 
1%  [  17  ] .  

  Fig. 14.3    Eventual primary cancer site in 142 patients who presented with a uveal metastasis and no prior history of 
cancer  [  2  ]        
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   Intraocular Metastasis Onset 

 Ocular metastases from any primary site typically 
occur in the sixth to seventh decade of life at a mean 
age at 58 years (median 58 years, range 10–85 years) 
 [  2  ] . For breast cancer metastasis, the mean age at 
diagnosis of the ocular metastasis was 56 years 
(median 57 years, range 23 years to 84 years)  [  17  ] . 

 Most patients with ocular metastases from 
breast cancer have a known history of breast 
cancer and previous nonocular metastases. Of 
264 patients with uveal metastasis from breast 
cancer, the eye  fi nding was the  fi rst manifestation 
of breast cancer in 3%  [  17  ] . In 14% of patients, 
the ocular metastasis was the  fi rst metastatic site. 
The locations of systemic nonocular metastases 
prior to and following the detection of ocular 
metastasis are listed in Table  14.2 .  

 Of those patients who develop ocular metas-
tases, the mean age at diagnosis of the primary 
breast cancer was 56 years (median 57 years, 
range 23–84 years)  [  17  ] . The initial treatment 
of breast cancer was radical or modi fi ed mas-
tectomy (83%), systemic chemotherapy (42%), 
external beam radiotherapy (27%), lumpectomy 
with or without lymph node dissection (14%), 
and hormone therapy (4%). The axillary lymph 
nodes were involved in 46% of patients who 
developed eventual uveal metastases. At the 
time of diagnosis of the ocular metastases, 52% 
of patients were on systemic therapy, including 
chemotherapeutic agents (36%), hormone 
therapy (20%), and immunotherapeutic agents 
(2%). Uveal metastases developed a mean of 
65 months following the diagnosis of the pri-
mary breast cancer (median 48 months, range 
0–300 months)  [  17  ] .  

   Location and Multiplicity 
of Intraocular Metastasis 

 Intraocular metastases show a strong tendency to 
involve the posterior uvea (choroid). Less com-
monly, the tumor affects the iris or ciliary body. 
Rarely do metastases involve the optic disk or 
retina. Of 361 eyes with uveal metastases, the 

tumor was located in the choroid in 349 eyes, iris 
in 23 eyes, and ciliary body in 2 eyes (see 
Fig.  14.1 )  [  17  ] . Some patients had metastatic 
tumors in more than one intraocular location. 

 In general, intraocular metastases commonly 
show multifocality and/or bilaterality. In an 
analysis of 520 eyes with uveal metastases from 
all primary sites, the median number of meta-
static tumors per eye was 1 and the mean was 
1.6  [  2  ] . Furthermore, 370 (71%) eyes had 1 
focus, 63 (12%) had 2 foci, 87 (17%) had 3 or 
more foci, up to a maximum number of 13 meta-
static foci in one eye  [  2  ] . The tumor was unilat-
eral in 76% and bilateral in 24% of patients. 
With regard to ocular metastases from breast 

   Table 14.2    Locations of systemic nonocular metastasis 
before and after the uveal metastasis was established in 
264 consecutive patients    with uveal metastasis from breast 
cancer  [  17  ]    

 Number of 
patients (%) 

 Location of systemic metastases diagnosed 
before the ocular metastasis was 
established 
  Lung  71 (27%) 
  Long bone  68 (26%) 
  Chest wall  19 (7%) 
  Spine  17 (6%) 
  Liver  14 (5%) 
  Other breast  16 (6%) 
  Brain  15 (6%) 
  Skin  10 (4%) 
  Skull  8 (3%) 
  Others  6 (2%) 
  None  116 (44%) 
 Location of systemic metastases diagnosed 
after the ocular metastasis was established 
  Brain  73 (28%) 
  Lung  64 (24%) 
  Long bone  64 (24%) 
  Liver  37 (14%) 
  Spine  22 (8%) 
  Chest wall  18 (6%) 
  Skull  10 (4%) 
  Skin  5 (2%) 
  Others  14 (5%) 
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cancer, the tumor was unilateral in 62% and 
bilateral in 38%  [  17  ] . Of 99 patients (38%) with 
bilateral uveal metastases from breast cancer, 85 
(32%) had bilateral involvement at the time of 
diagnosis and 14 (5%) developed the second eye 
involvement after a mean follow-up of 10 months 
(median 7 months, range 2–33 months). The 
mean number of the uveal metastatic tumors 
(from breast cancer) per eye was two (median 1, 
range 1–19) and more than one metastatic focus 
was detected in 48%  [  17  ] .  

   Clinical Features of Intraocular 
Metastasis 

   Choroidal Metastases 

 The patient with a metastatic tumor to the chor-
oid may be asymptomatic or may experience 

painless blurred vision. In rare instances, pain 
caused by secondary glaucoma can be the initial 
manifestation. Ophthalmoscopic examination of 
a choroidal metastasis characteristically reveals a 
homogeneous, creamy yellow placoid lesion in 
the posterior choroid (Fig.  14.4 )  [  2,   27,   28,   33  ] . 
Tumors that are slightly more elevated can pro-
duce a serous detachment of the retina and altera-
tions in the retinal pigment epithelium (RPE). 
The RPE changes can be marked, appearing as 
well-delineated clumps of golden brown pigment 
on the surface of the tumor. In some instances, 
the tumor may appear multinodular.  

 In some cases, a choroidal metastasis can be 
highly elevated and have a dome shape, similar to 
a primary amelanotic melanoma  [  34  ] . The  fi nding 
of multiple choroidal tumors in such a case, 
however, is strong evidence for a metastatic 
tumor rather than a primary melanoma, which is 
usually solitary (Figs.  14.5  and  14.6 ).   

  Fig. 14.4    Metastatic 
tumors to the choroid. 
( a ) Multifocal metastases 
from breast carcinoma. 
( b ) Ill-de fi ned peripheral 
choroidal metastasis with 
total nonrhegmatogenous 
retinal detachment from 
underlying breast 
carcinoma. ( c ) Solitary 
choroidal metastasis from 
lung carcinoma. 
( d ) Multifocal choroidal 
metastases from lung 
carcinoma. ( e ) Solitary 
choroidal metastasis from 
carcinoid tumor of the 
lung. ( f ) Solitary juxtapap-
illary choroidal metastasis 
from renal cell carcinoma       
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  Fig. 14.5    Bilateral, minimally symptomatic multifocal choroidal metastasis in a woman with known breast cancer and 
spinal metastasis       

 Serous detachment of the sensory retina is 
associated with choroidal metastases from 
breast cancer in 64% of cases  [  17  ] . In some 
instances, the detachment only involves the 
fovea adjacent to the tumor, whereas in other 
cases, it may be bullous. When the detachment 
is extensive, dramatic shifting of the subretinal 
 fl uid can be demonstrated with movements of 
the patient’s head. 

 Several conditions can clinically simulate a 
metastatic cancer to the choroid and should be 
considered in the differential diagnosis  [  35  ] . 
These include amelanotic nevus, amelanotic mel-
anoma, hemangioma, osteoma, posterior scleritis, 
retinitis and choroiditis, rhegmatogenous retinal 

detachment, Harada’s disease, uveal effusion 
 syndrome, and central serous chorioretinopathy 
 [  27,   28,   35–  37  ] . A detailed history is often helpful 
in making the differentiation, but the ophthalmo-
scopic differences are also very important. The 
speci fi c clinical features of the various tumors and 
pseudotumors are illustrated in textbooks  [  27, 
  28  ] . With some experience, the clinician can dif-
ferentiate simulating lesions from metastatic 
tumors by their typical ophthalmoscopic features 
and by using ancillary diagnostic procedures, to 
be discussed subsequently. 

 A choroidal melanoma is the most important 
lesion to differentiate from a metastatic tumor 
 [  34  ] . The melanoma is characteristically 

  Fig. 14.6    Choroidal metastasis from breast cancer before ( a ) and after ( b ) treatment with plaque radiotherapy       
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 pigmented but can be completely amelanotic and 
closely resemble the color of a metastasis. The 
melanoma is typically unilateral, solitary, and 
more elevated. An amelanotic melanoma fre-
quently has large visible intrinsic blood vessels 
and often assumes a mushroom shape from her-
niation through Bruch’s membrane; these  fi ndings 
rarely occur with a metastatic tumor. 

 A choroidal hemangioma can also resemble a 
metastatic tumor in size, shape, and location  [  36  ] . 
The distinct red-orange color of most heman-
giomas differentiates them from the yellow color 
of a metastatic tumor. A choroidal hemangioma 
is classically unilateral and unifocal. 

 A choroidal osteoma characteristically appears 
as an amelanotic choroidal mass  [  37  ] . Like a 
metastatic tumor, it is more common in women. 
In contrast to a metastatic tumor, it has an irregular 
but well-de fi ned border and can show subretinal 
neovascularization on the surface. We have seen 
one patient who underwent three breast biopsies 
elsewhere because a choroidal osteoma was 
suspected to be a metastatic cancer before the 
correct diagnosis was eventually established. 
Ultrasonography and computed tomography of a 
choroidal osteoma reveal echoes characteristic of 
a calci fi ed plaque. 

 A number of in fl ammatory processes of the 
fundus can simulate a choroidal metastasis. Certain 
viral and mycotic infections are more commonly 
seen in patients with systemic cancer, thus making 
the differentiation even more dif fi cult. Patients 
with cytomegalovirus (CMV) retinitis often have a 
history of cancer and are on chemotherapy. The 
yellow-white areas of retinal necrosis may be 
bilateral and multiple. In contrast to metastatic 
tumors, they involve the retina rather than the 
choroid, have an irregular border, and frequently 
show surrounding and overlying retinal hemor-
rhages. Mycotic retinitis or choroiditis also can 
resemble a choroidal metastasis, but it is more 
likely to be associated with in fl ammatory signs.  

   Ciliary Body Metastases 

 Ciliary body metastases are often dif fi cult to 
detect clinically. They can masquerade as a 
chronic uveitis or secondary glaucoma, and the 

affected patient may be treated with topical or 
systemic corticosteroids or glaucoma medica-
tions, while the tumor remains undetected. Like 
primary ciliary body melanoma, a ciliary body 
metastasis can produce a shallow anterior cham-
ber, subluxated lens, or cataract. Prominent 
episcleral blood vessels can occur in the quadrant 
of the lesion. In some cases, the ciliary body may 
be involved because of anterior extension of a 
diffuse tumor from the choroid. With time, some 
ciliary body metastases can extend through the 
iris root into the anterior chamber. The differen-
tial diagnosis of a ciliary body metastasis includes 
many of the same conditions that fall under the 
differential diagnosis of choroidal metastasis, 
except for those that affect only the posterior 
pole, such as central serous chorioretinopathy, 
choroidal hemangioma, and osteoma.  

   Iris Metastases 

 The clinical presentation of iris metastases can 
be vary greatly  [  2,   29  ] . Some patients with iris 
metastases are visually asymptomatic or with 
only mild symptoms. In some instances, however, 
pain caused by in fl ammation or secondary glau-
coma can be the presenting manifestation in some 
instances. Occasionally, iris metastases are 
multiple and bilateral. Slit lamp biomicroscopy 
reveals an iris mass that is usually pink or white, 
depending on the intrinsic vascularity (Fig.  14.7 ). 
In some cases, iris metastases are friable, and 
loosely cohesive cells settle in the inferior por-
tion of the anterior chamber angle, producing a 
pseudohypopyon, simulating endophthalmitis. 
The differential diagnosis of metastatic tumors to 
the iris includes amelanotic melanoma, leiomy-
oma, granulomatous iritis, and endophthalmitis.   

   Retinal Metastases 

 Metastatic tumors to the retina are extremely 
rare. In contrast to choroidal metastases, retinal 
metastases are less cohesive and may seed tumor 
cells into the vitreous. They sometimes resemble 
a retinitis and can have associated exudation or 
hemorrhage (Fig.  14.8 ).   
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   Optic Disk Metastases 

 Metastatic tumors can develop in the optic disk, 
and both optic nerves can be simultaneously 
involved  [  13  ] . Optic disk metastases can clini-
cally resemble papilledema, papillitis, or various 
types of pseudopapilledema (Fig.  14.9 ).   

   Vitreous Metastases 

 Metastatic tumors to the vitreous are extremely 
rare and generally occur in patients who have 
retinal or ciliary body metastasis. Affected patients 
develop  fl oaters, and vitreous examination reveals 
clumps of tumor cells. There have been reports of 
metastatic melanoma to the vitreous appearing 
as brown clumps in the hyaloid (Fig.  14.10 )  [  38  ] . 
The differential diagnosis includes in fl ammatory 

vitritis, senile vitritis, endophthalmitis, vitreous 
hemorrhage, synchisis scintillans, asteroid hyalosis, 
and large cell lymphoma.    

   Ocular Paraneoplastic Syndromes 

 A paraneoplastic syndrome is de fi ned as the 
malfunction of an organ system from cancer in a 
remote site of the body without the presence of 
metastases in that end organ. Neurologic para-
neoplastic syndromes include peripheral neu-
ropathy, cerebellar degeneration, myasthenia 

  Fig. 14.7    Iris metastasis from lung carcinoma       

  Fig. 14.8    Retinal metastasis from esophageal carcinoma       

  Fig. 14.9    Optic disk and choroidal metastasis from lung 
carcinoma       

  Fig. 14.10    Vitreous metastasis from cutaneous mela-
noma in an enucleated eye       
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gravis, and motor neuron degeneration. Ocular 
paraneoplastic syndromes include optic neuritis, 
external ophthalmoplegia, and retinal disease 
 [  39  ] . Retinal paraneoplastic syndromes consist 
of carcinoma-associated retinopathy (CAR), 
melanoma-associated retinopathy (MAR), 
acquired cone dysfunction, bilateral diffuse 
uveal melanocytic proliferation (BDUMP), and 
paraneoplastic polymorphic vitelliform macul-
opathy (previously termed Vogt-Koyanagi-
Harada (VKH)-like syndrome). Breast cancer 
can produce CAR and BDUMP. In CAR, the 
patient notes night blindness, photopsia, tran-
sient obscuration of vision, ring scotoma, and 
photophobia. In BDUMP, multiple pigmented 
and nonpigmented uveal tumors develop along 
with dilated episcleral vessels, rapid-onset cata-
ract, anterior uveitis, and serous retinal detach-
ment. Treatment for paraneoplastic syndromes 
with corticosteroids or immune globulin is occa-
sionally helpful.  

   Diagnostic Evaluation for Ocular 
Metastasis 

 A number of ancillary ophthalmic procedures 
may aid in the diagnosis of metastatic tumors. 
These include a systemic evaluation, intravenous 
 fl uorescein angiography (IVFA), indocyanine 
green angiography (ICG), ultrasonography (US), 
optical coherence tomography (OCT), computed 
tomography (CT), magnetic resonance imaging 
(MRI),  fi ne-needle aspiration biopsy (FNAB), 
and surgical biopsy. 

   Systemic Evaluation 

 Once a metastatic tumor to the intraocular struc-
tures is suspected on the basis of ophthalmic 
examination, a detailed systemic evaluation is 
mandatory. The patient’s history may reveal a 
previous malignancy, which can be helpful in the 
diagnosis. As mentioned earlier, however, many 
patients seen by the ophthalmologist have no 
history of cancer. Initially, if a female patient has 
a suspected metastatic tumor, breast and lung 

examination with appropriate ancillary studies 
are indicated. In men, the evaluation should be 
directed initially toward a primary tumor in the 
lung. If the lung is normal, then gastrointestinal 
tract, kidney, thyroid, pancreas, and other organs 
are evaluated.  

   Fluorescein Angiography 

 Fluorescein angiography is a method of imaging 
the vascularity within a choroidal tumor and is 
sometimes helpful in the diagnosis of a choroidal 
metastasis  [  2,   27,   28  ] . In contrast to choroidal 
hemangioma and melanoma, most metastatic 
carcinomas are hypo fl uorescent in the arterial 
and early venous phases and show progressive 
hyper fl uorescence in the subsequent phases. 
Pinpoint foci of hyper fl uorescence appear over 
the tumor in the venous phase and persist into the 
late angiograms. There may be moderate late 
hyper fl uorescence of serous subretinal  fl uid 
related to the metastatic tumor.  

   Indocyanine Green Angiography 

 Indocyanine green angiography provides detail 
of the choroidal vascular pattern. Imaging of 
choroidal metastases with this technique gener-
ally reveals mild hypo fl uorescence throughout 
the angiogram, whereas choroidal melanoma 
shows gradual hyper fl uorescence over 5–10 min, 
and choroidal hemangioma shows bright 
hyper fl uorescence within 1 min  [  40  ] .  

   Ultrasonography 

 Ocular ultrasonography provides resolution within 
1 mm and is useful in the diagnosis of intraocular 
metastasis. A-scan ultrasonography demonstrates 
a sharp initial spike and moderate internal 
re fl ectivity. This is in contrast to malignant mela-
noma, which usually shows relatively low internal 
re fl ectivity. B-scan ultrasonography typically 
shows a choroidal mass pattern with moderate to 
high acoustic solidity, overlying subretinal  fl uid, 
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and no choroidal excavation. In contrast, mela-
noma shows relative acoustic hollowness.  

   Optical Coherence Tomography 

 Optical coherence tomography is a method of 
imaging the retina with high resolution of 5–8  m m. 
This technique allows for subclinical analysis of 
minor subretinal  fl uid, retinal edema, and retinal 
pigment epithelial changes associated with chor-
oidal metastases  [  41  ] . This can assist in decipher-
ing the exact cause of visual loss.  

   Computed Tomography 

 Computed tomography is used most frequently in 
the evaluation of metastatic orbital tumors and less 
often for intraocular tumors. This technique can 
demonstrate the anatomic location and 
con fi guration of orbital metastases as well as 
surrounding periorbital changes. It is important to 
evaluate the brain in all patients with ocular metas-
tasis from breast cancer as brain involvement 
occurs in nearly 30% of patients (see Table  14.2 ).  

   Magnetic Resonance Imaging 

 Magnetic resonance imaging is useful in delin-
eating the anatomic location, con fi guration, and 
internal tissue qualities of choroidal and orbital 
metastases. It is superior to computed tomogra-
phy for soft tissue resolution, especially when 
using fat suppression technique, orbital surface 
coil, and gadolinium enhancement. In general, 
uveal metastases are slightly hyperintense to vit-
reous on T1-weighted images and hypointense to 
vitreous on T2-weighted images  [  42  ] . The asso-
ciated retinal detachment is hyperintense to vitre-
ous on T1 and isointense to vitreous on 
T2-weighted images. Metastatic carcinomas 
show mild enhancement with gadolinium. Orbital 
metastases show hyperintense signal to the sup-
pressed orbital fat on T1- and T2-weighted 
images and moderate gadolinium enhancement.  

   Fine-Needle Aspiration Biopsy 

 When the diagnosis of an ocular lesion is par-
ticularly dif fi cult to establish,  fi ne-needle aspi-
ration biopsy (FNAB) is appropriate  [  28,   43, 
  44  ] . This technique requires exceptional skill 
for lesions within the eye, using indirect ophthal-
moscopy to guide the needle through the pars 
plana of the ciliary body into the solid mass. For 
orbital lesions, ultrasound or computed tomog-
raphy is employed for localization of deep 
lesions. In 90–99% of cases, an adequate cyto-
logic sample is obtained  [  43,   44  ] . This is espe-
cially useful for patients who present with no 
previous cancer and systemic evaluation is 
nonrevealing.  

   Surgical Biopsy 

 Open surgical biopsy is commonly employed to 
diagnose orbital, conjunctival, and eyelid metas-
tases and less commonly for intraocular metas-
tases. In such instances, complete resection is 
performed if the tumor is circumscribed. For ill-
de fi ned lesions, incisional biopsy is performed. 
For intraocular metastases, the biopsy is per-
formed microscopically via a scleral  fl ap. Surgical 
biopsy obtains more tissue for the pathologist, 
but radiotherapy or chemotherapy is generally 
indicated in order to eliminate tumor seeding at 
the biopsy site.   

   Pathology of Ocular Metastasis 

 Since the intraocular structures have no lymphatic 
channels, metastatic tumors reach these sites by 
hematogenous routes. Probably because of its 
marked vascularity, the uvea is the location of most 
ocular metastases, especially the posterior portion 
of the choroid. Gross examination of an eye with 
metastatic carcinoma usually reveals one or more 
diffuse or nodular amelanotic tumors in the uvea. 
In rare instances, the mass is highly elevated with 
a dome shape, similar to that of choroidal mela-
noma, but melanoma is generally pigmented. 
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Low-power magni fi cation of a metastatic carci-
noma reveals a placoid or diffuse mass, often with 
an overlying serous detachment of the sensory 
retina. Well-differentiated tumors may retain cer-
tain histologic or histochemical features of the pri-
mary tumor. Breast metastases typically appear 
histologically as solid epithelial nests or glandular 
structures. It is important to differentiate a primary 
adenocarcinoma of the retinal pigment epithelium, 
ciliary body epithelium, and iris pigment epithe-
lium from a metastatic adenocarcinoma.  

   Treatment Options for Ocular 
Metastasis 

 The preferred treatment for an ocular metastasis 
from breast cancer depends on the location, 
extent, activity, and symptoms related to the 
ocular tumor, as well as the patient’s systemic 
status  [  27,   28,   45  ] . Management may involve 
observation alone, chemotherapy, hormone 
therapy, anti-vascular endothelial growth factor 
(VEGF), laser photocoagulation, thermotherapy, 
photodynamic therapy, irradiation, or surgical 
resection. 

   Observation 

 Some metastatic tumors to the eye are inactive 
and require no treatment. They may have regre-
ssed spontaneously or they may have regressed 
following systemic treatment of the primary 
breast cancer months or years previously. With 
some experience, the ocular oncologist can 
recognize such inactive metastasis. When located 
in the choroid, they are generally  fl at tumors with 
pigment epithelial clumping on the tumor surface 
and without retinal detachment.  

   Chemotherapy, Hormone Therapy, 
Anti-VEGF Therapy 

 Active tumors, characterized by a homogeneous 
mass with a secondary retinal detachment, usually 

require treatment. In general, if the patient is 
asymptomatic and the eye tumor appears to be 
controlled with chemotherapy or hormone therapy 
that is being used to treat the systemic disease, 
then no speci fi c ocular treatment is indicated. 
The patient should be followed at 2–4-month 
intervals for documentation of tumor and visual 
status. In some cases, intravitreal injection of 
anti-VEGF medications can resolve the choroidal 
tumor  [  46  ] .  

   Laser Photocoagulation, 
Thermotherapy, Photodynamic 
Therapy 

 Rarely, choroidal metastases are treated with 
laser photocoagulation or thermotherapy. This is 
only employed for small tumors located outside 
the macular region. Methods of laser treatment 
using diode red, diode green, or argon laser can 
be applied to small choroidal metastases mea-
suring less than 5 or 6 mm in base dimension 
 [  47–  49  ] . Thermotherapy using a large spot diode 
laser to heat the tumor to a subphotocoagulation 
level is gaining some interest. These methods, 
however, are damaging to the normal retina and 
induce a dense scotoma. For this reason, most 
clinicians prefer focal treatment with radio-
therapy rather than methods of laser or 
thermotherapy.  

   Radiotherapy 

 If the patient has an active choroidal metastasis, 
external beam irradiation is generally effective in 
controlling the tumor  [  50,   51  ] . The entire uvea or 
orbit is irradiated, with approximately 3,000–
4,000 cGy delivered in divided doses over 
3 weeks  [  50,   51  ] . Plaque brachytherapy is a 
method of focal radiotherapy using an implant 
with radioactive sources (see Fig.  14.6 ). The 
implant is surgically applied to the eye to deliver 
a radiation dose to a select region. This minimizes 
radiotherapy to surrounding normal structures. 
Plaque brachytherapy is employed for  circumscribed 
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tumors measuring less than 18 mm in base and 
less than 10 mm in thickness  [  52  ] . The bene fi t of 
plaque brachytherapy is the speed of treatment, 
as it only takes 2–4 days to deliver the dose. This 
is important for patients whose life expectancy is 
limited because it occupies less time of their 
remaining days than other methods of radiother-
apy  [  52  ] . 

 Following radiotherapy, choroidal metastases 
decrease in tumor thickness on ultrasonography, 
and secondary retinal detachment resolves, often 
with improved visual acuity. Rudoler and associ-
ates found that external beam radiotherapy 
provides globe preservation in 98% of patients, 
with visual improvement or vision better than 
20/200 in 57% of patients  [  50,   51  ] . Ocular radia-
tion complications were found in 12% of patients. 
Newer methods of radiotherapy such as gamma 
knife and cyberknife radiotherapy have been 
employed to successfully treat metastasis over a 
short time period.  

   Surgical Excision, Enucleation 

 In some instances, enucleation or local surgical 
excision of an intraocular metastasis may be 
justi fi ed. Uncontrollable, large tumors occasion-
ally require enucleation for intractable pain 
caused by secondary glaucoma. However, che-
motherapy or radiotherapy, rather than enucle-
ation, should generally be considered  fi rst. Local 
excision of a tumor that has metastasized to the 
eyelid, conjunctiva, orbit, and occasionally the 
intraocular structures is justi fi ed in certain 
instances  [  53,   54  ] . This technique is useful for 
both diagnostic and therapeutic reasons.   

   Patient Prognosis 

 In general, the life prognosis is poor for patients 
with metastatic tumors to the ocular structures 
 [  11,   25  ] . Patients with breast carcinoma meta-
static to the uvea have a mean survival of 
18 months, which is better survival compared to 
patients with metastases from lung cancer (mean, 
6 months) or cutaneous melanoma (mean, 

1 month)  [  11  ] . Data collected from our depart-
ment showed Kaplan-Meier survival estimates 
for patients with uveal metastasis from breast 
cancer to be 65% at 1 year, 34% at 3 years, and 
24% at 5 years  [  25  ] .  

   Controversies and Perspective 

 The main controversies regarding intraocular 
metastasis center around establishing the diagno-
sis and providing the best therapy to the patient 
with quality of life in mind. If a patient has known 
primary malignancy with multifocal metastasis 
systemically, then the diagnosis of a choroidal 
metastasis can be presumed by the history with-
out the need for further intraocular biopsy. If the 
patient has known primary malignancy with no 
metastatic disease, then it is advisable to estab-
lish the diagnosis with systemic evaluation to 
look for other involved sites. If negative, then 
 fi ne-needle aspiration biopsy of the mass should 
be performed. If the patient has no known pri-
mary cancer, then the ocular diagnosis should be 
established with  fi ne-needle aspiration biopsy as 
simulating conditions like amelanotic melanoma 
and nevus, scleritis, and others can cloud the 
picture. 

 Regarding therapy, the clinician should choose 
the most effective method with the understanding 
that quality of life is perhaps the most important 
issue. The therapy should cure the ocular malig-
nancy and provide the best visual acuity to allow 
good quality of life. Minimizing physician moni-
toring is also important. Our preference is to  fi rst 
treat the ocular metastasis with systemic therapy 
if the general oncologist agrees as there could be 
subclinical disease elsewhere. If, on the other 
hand, there is no need for systemic therapy, then 
we would use localized ocular therapy with exter-
nal or plaque radiotherapy or even photodynamic 
therapy to the eye to control the cancer and regain 
visual acuity. We usually prefer plaque over 
external radiotherapy as plaque is faster and con-
trols the disease over a 4-day period compared to 
external radiotherapy that takes 4 weeks. This is 
important when considering the guarded life 
prognosis.  
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   Pearls 

    Intraocular metastasis develops most com-• 
monly in the posterior choroid.  
  Less commonly, intraocular metastasis is • 
found in the retina, optic disk, and vitreous.  
  The most    important primary cancer sites • 
include breast, lung, kidney, and gastrointestinal 
tract.  
  The malignancy appears classically as a • 
yellow choroidal mass producing serous 
retinal detachment.  
  Diagnostic con fi rmation can be made with • 
trans-pars plana  fi ne-needle aspiration biopsy.  
  Therapy generally involves systemic chemo-• 
therapy or local radiotherapy, and the globe is 
usually retained, often with intermediate or 
good visual acuity.  
  Life prognosis is guarded with mean survival • 
for some malignancies like lung cancer and 
skin melanoma at less than 1 year and breast 
cancer mean survival at 4 years or more.         
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   Introduction 

 Autoimmune retinopathy includes three main 
forms: cancer-associated retinopathy (CAR), mel-
anoma-associated retinopathy (MAR), and non-

neoplastic autoimmune-related retinopathy and 
optic neuropathy (ARRON). Autoimmune retin-
opathies encompass ophthalmic disorders in which 
autoantibodies are directed at various retinal com-
ponents and lead to progressive vision loss. If 
evaluation reveals an underlying malignancy, it is 
considered a paraneoplastic syndrome. Although 
paraneoplastic syndromes occur in 10–15% of 
cancer patients  [  1  ] , the incidence of paraneoplasia-
induced antiretinal antibodies is considered rare. 
Without con fi rmed malignancy, patients with reti-
nal dysfunction related to antiretinal antibodies are 
considered to have ARRON or nonneoplastic 
autoimmune retinopathy (npAIR). The differential 
for nonneoplastic cases of antiretinal autoantibod-
ies usually includes inherited retinal degenerations 
 [  2,   3  ] , as well as occult malignancies. This chapter 
will review and provide illustrative cases of CAR, 
MAR, and ARRON.  
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   Paraneoplastic Retinopathy: Cancer-
Associated Retinopathy (CAR) 

 Cancer-associated retinopathy (CAR) is a 
paraneoplastic retinopathy in which autoanti-
bodies are directed against retinal antigens caus-
ing retinal dysfunction and retinal cell death. 
CAR is believed to be the most common form of 
paraneoplastic retinopathy, although the exact 
prevalence has not been reported in the litera-
ture. Typically, older adults are affected, and the 
incidence is equal among men and women  [  4  ] . 
The malignancy most commonly associated 
with CAR is small cell lung cancer, followed by 
gynecologic and breast cancers  [  4  ] . Less com-
monly, cases have also been associated with 
non-small lung cancer, Hodgkin’s lymphoma, 
bladder, prostate, pancreatic, laryngeal, and 
colon cancers  [  4  ] . 

 Malignancies associated with CAR:
   Small cell lung cancer  • 
  Gynecologic malignancies: endometrial, uter-• 
ine, and cervical  
  Breast  • 
  Lymphoma  • 
  Colon  • 
  Prostate  • 
  Bladder  • 
  Laryngeal  • 
  Pancreatic  • 
  Metastases of unknown primary    • 
 CAR was  fi rst described in 1976 by Sawyer 

et al. in three patients with small cell lung cancer 
with progressive vision loss and has since become 
an increasingly recognized clinical disorder  [  5  ] . 

 A humoral immune reaction leading to photo-
receptor destruction is the most likely underlying 
etiology for CAR. McGinnis et al. in 1995 pro-
posed that CAR may be initiated with a p53 
tumor suppressor gene mutation in the tumor 
cells  [  6  ] . This mutation subsequently turns on 
production of the recoverin protein with the cell 
line becoming cancerous due to loss of the tumor 
suppressor activity. The human gene for recov-
erin protein and the p53 gene have both been 
localized to chromosome 17 in proximity of one 
another  [  6  ] . Recoverin is a calcium-binding 

protein located within retinal photoreceptor cells 
and bipolar cells and is highly immunogenic and 
leads to anti-recoverin antibody production  [  4, 
  7  ] . The anti-recoverin antibodies bind to recov-
erin molecules in the photoreceptor cells by pen-
etrating the blood–retina barrier  [  1  ] . The 
inactivated form of retinal recoverin then causes 
closure of ion channels, depolarization of cells, 
and photoreceptor death. Speci fi cally, anti- 
recoverin antibody is likely incorporated into 
photoreceptor cells and modulates increased 
phosphorylation of rhodopsin, which increases 
the intracellular level of calcium and the activa-
tion of caspase-dependent apoptosis, ultimately 
leading to photoreceptor death  [  1,   4,   6  ] . Adamus 
et al. in 1998 demonstrated this concept with the 
injection of anti-recoverin antibodies intravitre-
ally in rats, which caused  fl attening of both the a 
and b wave on ERG and triggered photoreceptor 
cell death  [  7  ] . 

 In 1987, Thirkill et al. elucidated the autoim-
mune etiology of CAR by identifying antiretinal 
antibodies via immuno fl uorescence  [  1,   8  ] . These 
autoantibodies were demonstrated to be reactive 
with photoreceptor outer segments as well as reti-
nal ganglion cells  [  1,   8  ] . The 23-kDa protein 
recoverin, which is a calcium-binding protein 
found in both rods and cones, is the most fre-
quently identi fi ed antigen in CAR  [  1,   8  ] . The sec-
ond most common autoimmune retinal antibody 
is a 46-kDa (anti-enolase) protein, followed by 
45 and 60 kDa  [  4  ] . Antibodies against 65-kDa 
heat shock protein 70, 44, 43, and 63 kDa have 
also been identi fi ed  [  1  ] . Antibodies to TULP-1 
(tubby-like protein 1) protein are directed against 
the inner segment of photoreceptor cells, which 
is in contrast to anti-recoverin antibodies that are 
directed against the outer segments of these cells 
 [  4  ] . The anti-TULP-1 protein has been identi fi ed 
in a CAR patient with endometrial cancer  [  4  ] . 
Antibodies against the photoreceptor cell–speci fi c 
nuclear receptor (PNR) gene product have also 
been reported in a case of CAR secondary to lung 
cancer  [  4  ]    . In addition, combined paraneoplastic 
retinopathy with vitreous cells and optic neuritis 
has been associated with CRMP-5-IgG antibody, 
which has a 77% association with small cell lung 
cancer  [  9  ] . 



28515 Autoimmune Retinopathy and Paraneoplastic Syndromes

 Histopathologically, CAR demonstrates diffuse 
photoreceptor degeneration of both rods and 
cones with loss of nuclei from the outer nuclear 
layer  [  1,   4  ] . The retinal pigment epithelium and 
choriocapillaris are well preserved, and ganglion 
cells in the inner retina, optic nerve, and genicu-
localcarine pathway are all spared  [  1,   4,   10  ] . In 
addition, there may also be a secondary cellular 
response with in fl ammatory in fi ltrates being spo-
radically reported in CAR  [  1,   4  ] . 

 In terms of clinical symptoms, patients may 
present with progressive bilateral visual loss 
over weeks to months. Entoptic symptoms such 
as  fl ashing or  fl ickering lights, swirling vision, 
or other positive visual phenomenon are often 
prominent  [  1,   4  ] . Patients may also report tran-
sient dimming of vision  [  4  ] . CAR affects both 
rods and cones. Clinical problems associated 
with rod dysfunction include nyctalopia, pro-
longed dark adaptation, midperipheral ring sco-
tomas, and peripheral visual  fi eld de fi cits  [  4  ] . 
Cone dysfunction can present with photosensi-
tivity, reduced visual acuity, prolonged glare 
after light exposure, decreased color perception, 
and central scotomas  [  4  ] . Visual symptoms may 
precede diagnosis of a systemic malignancy in 
50% of patients  [  1  ] . Early in the disease, fundus 
examination may appear normal  [  1  ] . However, 
characteristic changes may occur over time with 
disease progression and include attenuation of 
arterioles, thinning and mottling of the retinal 
pigment epithelium, and optic disk pallor  [  1,   4, 
  5,   11  ] . Anterior chamber and vitreous cells, 
periphlebitis, and arteriolar sheathing may also 
be present particularly late in the course of dis-
ease  [  1,   4,   5,   11  ] . 

 Early diagnosis of CAR may be complicated 
due to subtle clinical  fi ndings, and maintaining a 
high index of clinical suspicion is warranted. 
Ancillary testing can include a Goldmann visual 
 fi eld test, which may indicate peripheral  fi eld or 
central de fi cits  [  1  ] . Optical coherence tomogra-
phy (OCT) may demonstrate extensive photore-
ceptor loss, and  fl uorescein angiography can help 
exclude other clinical entities as potential causes 
of vision loss. Fluorescein  fi ndings are usually 
normal, but may demonstrate mild peripheral 
vascular leakage consistent with vasculitis in 

occasional cases  [  12  ] . The most sensitive test in 
detecting retinal dysfunction associated with 
CAR is often electroretinography (ERG), in 
which  fi ndings are usually abnormal in the major-
ity of cases  [  1  ] . Patients with a predominant rod 
or cone dysfunction show abnormal scotopic or 
photopic patterns, respectively  [  1  ] . In both sco-
topic and photopic conditions, a and b waves are 
depressed  [  1,   5,   13  ] . Along with ERG  fi ndings, a 
diagnosis of CAR can also be made by the dem-
onstration of antiretinal antibodies using western 
blot analysis, immuno fl uorescent antibody 
assays, and enzyme-linked immunosorbent assay 
(ELISA)  [  1  ] . 

 Results of ERG and antibody testing are not 
always de fi nitive, and in patients suspected of 
CAR, an extensive evaluation for a malignancy 
should be initiated. A complete physical exami-
nation, including pelvic and breast examination 
for women, is recommended. A chest radiograph 
should initially be obtained. If normal, a chest CT 
scan should be performed for further evaluation 
 [  12  ] . Additional imaging studies for a possible 
malignancy include CT of the abdomen and pel-
vis, mammography, and total-body positron 
emission tomography (PET)  [  12  ] . Further evalu-
ation for metastatic disease as the source of vision 
loss should also include contrast-enhanced MRI 
of the head and orbits and lumbar puncture for 
cytologic examination. Cerebrospinal  fl uid anal-
ysis in CAR often reveals a nonspeci fi c  fi nding of 
a mild lymphocytic pleocytosis and an increased 
concentration of protein  [  4  ] . 

 The differential diagnosis in the setting of 
subacute unilateral or bilateral vision loss and the 
presence of retinal dysfunction includes paraneo-
plastic syndromes (CAR and MAR), npAIR 
(hereditary retinal degenerations and ARRON), 
and toxic retinopathy  [  12  ] . Etiologies for toxins 
include mellaril, chloroquine, and plaquenil. The 
time course of progression of visual symptoms is 
usually over years with hereditary retinopathies 
and weeks to months with acquired disease. 
Furthermore, the presence of antiretinal antibod-
ies will also facilitate the diagnosis of autoim-
mune retinopathy, and evaluation for malignancy 
will distinguish between paraneoplastic condi-
tions and npAIR. Speci fi cally, npAIR can include 
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hereditary retinal diseases such as retinitis 
pigmentosa (RP), which may also have antireti-
nal antibodies. In a study of 116 RP patients, 43 
(37%) of patients demonstrated antibodies react-
ing with donor eye retinal antigens on indirect 
immuno fl uorescence  [  2,   3,   14  ] . A prospective 
study also demonstrated that 90% of patients 
with RP and cystoid macular edema have anti-
retinal antibodies compared with 13% of RP 
patients without CME and 6% of controls  [  2,   14, 
  15  ] . However, the pathogenic role of these anti-
retinal antibodies in hereditary disorders remains 
unclear. Overall, antiretinal antibodies may be 
useful in helping to identify a broad spectrum of 
autoimmune retinopathies. 

 Additional diagnostic considerations for clini-
cal symptoms similar to CAR include a retrobul-
bar optic neuropathy in which patients present 
with vision loss and a normal fundus examina-
tion. Etiologies can include ischemia, demyeli-
nating disease, compressive lesions, toxicity, and 
hereditary disorders  [  12  ] . Cancer-associated cone 
dysfunction and toxic nutritional and hereditary 
optic neuropathy can also present with  fi ndings 
similar to CAR, such as bilateral central vision 
loss, central scotomas, and reduced color vision. 
In order to evaluate for these etiologies, addi-
tional history regarding possible alcohol, tobacco, 
toxic medication use, dietary patterns, and a fam-
ily history of similar problems is warranted  [  12  ] . 

 In the majority of CAR cases, the visual prog-
nosis is often guarded, and various immunothera-
pies have resulted in mild to moderate visual 
recovery. Treatment of the underlying systemic 
malignancy with chemotherapy, radiation ther-
apy, and surgery has not been shown to alter the 
visual prognosis  [  4,   16,   17  ] . Initial treatment for 
CAR usually involves modulation of the immune 
system with steroids. The most widely reported 
therapy consists of 250 mg of intravenous meth-
ylprednisolone four times daily or 60–80 mg of 
oral prednisone daily, followed by a slow taper to 
a low maintenance dose  [  18,   19  ] . Several case 
reports have described mild to moderate transient 
improvement in visual acuity and visual  fi elds in 
CAR patients with high-dose intravenous meth-
ylprednisolone treatment  [  4,   19–  21  ] . Keltner 
et al. in 1992 described a patient with improvement 

and stabilization of visual function and reduced 
antibody levels during 7 months of corticosteroid 
therapy; this patient died 7 months after the diag-
nosis of CAR  [  19,   22  ] . However, the bene fi cial 
effect of oral steroids has been limited in other 
reports  [  23–  25  ] . Treatment with plasmapheresis 
alone did not prevent progression of visual loss in 
a patient with CAR  [  22,   26  ] . Murphy et al. 
reported that plasmapheresis in conjunction with 
oral corticosteroid therapy resulted in vision 
improvement, but the recovery lasted only 
4 months  [  22,   24  ] . In another report, Guy and 
Aptsiauri reported the results of three patients 
with CAR treated with intravenous immunoglob-
ulin therapy  [  16  ] . One patient had improvement 
in both visual acuity and visual  fi elds; one had 
improvement in only visual  fi eld defects; and the 
other only had stabilization of vision  [  4,   16  ] . In 
2007, a report of the treatment with alemtuzumab 
for CAR and paraneoplastic optic neuropathy 
described maintenance of visual acuity and visual 
 fi elds during an 8-year follow-up period  [  22  ] . 
Currently, it remains unclear whether initiating 
immunomodulatory therapy prior to diffuse 
degeneration of photoreceptors may improve or 
stabilize visual acuity. Overall, due to the high 
mortality rate of CAR patients, observation of 
any de fi nitive long-term effects of treatment on 
both retinal structure and visual function remains 
limited. 

   CAR Cases 

 CAR can present with heterogeneous clinical and 
diagnostic  fi ndings. Although the most common 
reported antigen associated with CAR is recov-
erin  [  27  ] , three CAR cases are described with 
several unique clinical features and without the 
presence of anti-recoverin antibodies. In case 1, 
CAR signaled the presence of metastatic esthe-
sioneuroblastoma, an uncommon association 
with paraneoplastic retinopathy. Antiretinal anti-
bodies were not detected in this case. Cases 2 and 
3 present more frequently reported malignant 
associations, breast cancer and small cell lung 
cancer. Anti-enolase antibody was positive in 
association with breast cancer, and CRMP-5-IgG 
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was detected in the small cell lung cancer case. 
These cases highlight that CAR facilitated the 
diagnosis of a systemic malignancy, clinical 
symptoms may be variable and subtle, and patients 
may have a variety of antiretinal antibody activity 
(see Figs.  15.1  ,   15.2  ,   15.3  ,   15.4 , and  15.5 ).      

   CAR Case 1: CAR Secondary 
to Esthesioneuroblastoma 
(Olfactory Neuroblastoma) 
 A 58-year-old white female with a history of 
esthesioneuroblastoma treated with prior surgical 
resection and radiation therapy 6 months earlier 

  Fig. 15.1    CAR case 1: fundus photos ( a ) OD and ( b ) OS demonstrate trace disk edema OU, mild narrowing of the 
arterioles and venules, and a hazy media secondary to vitritis       

  Fig. 15.2    CAR case 1:  fl uorescein angiography demon-
strates mild perivascular leakage in both eyes with 
increased optic nerve  fl uorescein. Atypical for dense 

vitreous cellular reaction on an immunologic basis, there 
is no appreciable macular edema       
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presented with a 2-week history of gradually 
decreasing vision greater in the right than left 
eye. Best corrected visual acuity was 20/25 OD 
and 20/30 OS. Clinical examination demonstrated 

no afferent pupillary defect, +3 vitreous cells OU 
with +1 disk edema in both eyes (Figs.  15.1a, b  
and  15.2a–e ). ERG and visual  fi elds were markedly 
abnormal in each eye (Figs.  15.3a ,  b ,  15.4a, b , 

  Fig. 15.3    CAR case 1: Humphrey visual  fi elds ( a ) 30–2 OD and ( b ) OS demonstrate global depression of retinal 
sensitivity         
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and  15.5 ). MRI brain/orbits with gadolinium 
demonstrated multiple hyperintense lesions 
throughout the brain with no evidence of optic 
nerve enhancement. Laboratory evaluation was 

negative for CAR antibody, FTA, and RPR. The 
patient was treated with prednisone 100 mg daily 
and a subsequent taper as the in fl ammation 
improved. Two months after initial presentation, 

Fig. 15.3 (continued)
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  Fig. 15.4    CAR case 1: Goldmann visual  fi elds ( a ) OD and ( b ) OS demonstrate  fi eld constriction and depression in 
both eyes, right eye greater than left eye       
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  Fig. 15.5    CAR case 1: full- fi eld ERG demonstrates that 
rod ERG was not detectable; mixed cone and rod ERG 
was reduced in amplitude and b/a <1; and cone ERG was 

severely reduced in amplitude and prolonged. Overall, the 
full- fi eld ERG and VEP responses were markedly 
impaired       
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the patient was symptomatic with a neck mass. 
Biopsy results and a subsequent total body scan 
demonstrated metastatic esthesioneuroblastoma. 
Antibody determinations were not available, but 
it was concluded that the ocular in fl ammation 
was a paraneoplastic retinopathy.  

   CAR Case 2: CAR Associated 
with Metastatic Breast Cancer 
 A 66-year-old female with a history of metastatic 
breast cancer treated with prior chemotherapy 
complained of progressively decreasing vision in 
both eyes for 6–8 months. Best corrected visual 
acuity is 20/60 OD and 20/70 OS. Clinical exam-
ination demonstrated no evidence of afferent 
pupillary defect, and there were full extraocular 
movements and confrontational  fi eld testing. 
There was no evidence of anterior chamber or 
vitreous cell, and no disk edema. Cystoid macular 
edema was present in both eyes (Fig.  15.6 ), and 
there were peripheral reticular pigmentary 
changes in the retina (not shown). Goldmann 
visual  fi eld testing revealed constriction of the 
I-4e and II-4e isopters that was asymmetric 
(Fig.  15.7a ,  b ). Fluorescein angiography did not 
reveal retinovascular leakage although the optic 
nerves were mildly hyper fl uorescent (Fig.  15.8 ). 

There were mild ERG changes (Fig.  15.9 ). MRI 
brain/orbits with contrast demonstrated no evi-
dence of cerebral metastasis or orbital involve-
ment. Laboratory testing demonstrated positive 
anti-enolase antibody and a negative CAR anti-
body. The patient was started on Taxol chemo-
therapy by her oncologist.      

   CAR Case 3: Paraneoplastic Optic Neuritis 
and Retinitis Associated with Small Cell 
Lung Cancer 
 A 72-year-old male with a history of testicular 
and epididymal mesenchymoma and abdominal 
sarcoma treated with surgical resection pre-
sented with progressively decreasing vision in 
both eyes for 4 months  [  9  ] . Best corrected visual 
acuity was 20/200 OD and 20/400 OS. Evaluation 
indicated no afferent pupillary defect, and color 
plates were 5/15 OD and 8/15 OS. Goldmann 
visual  fi elds had central depression as well as 
constriction in both eyes, OS greater than OD. 
Clinical examination demonstrated no anterior 
chamber in fl ammation, +1 vitreous cells OU, 
and marked disk edema in both eyes with bullous 
 fl uid extending to the macula (Fig.  15.10 ). 
Fluorescein angiography showed optic nerve 
leakage (Fig.  15.11 ). ERG was markedly abnormal 

  Fig. 15.6    CAR case 2: fundus photos of OD and OS demonstrate clear media, C/D 0.3 OU with no evidence of disk 
edema, and a blunted foveal re fl ex OU       
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(Fig.  15.12 ). The patient was evaluated for 
malignancy, including CNS lymphoma. Lumbar 
punctures revealed increased protein, and nega-
tive cryptococcal antigen and VDRL. Cytology 
from the diagnostic vitrectomy OD showed that 
the majority of cells were T cells with a predomi-
nance of CD4-positive T cells, a minor heteroge-
neous B cell population with a normal kappa to 

lambda ratio. Chest CT demonstrated mediastinal 
adenopathy with a left hilar mass, which upon 
biopsy was consistent with small cell lung cancer. 
Antibody testing showed a positive CRMP-5-IgG 
and negative CAR antibody. The patient was 
treated with systemic chemotherapy, radiation, 
and oral prednisone with improvement in his ocu-
lar condition (Figs.  15.13a, b  and  15.14a, b ).         

  Fig. 15.7    CAR case 2: Goldmann visual  fi elds ( a ) OD and ( b ) OS demonstrate a full  fi eld to the largest isopter with 
symmetric constriction of the smaller isopters. There was no evidence of peripheral  fi eld constriction or ring scotomas         
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   Paraneoplastic Retinopathy: 
Melanoma-Associated Retinopathy 
(MAR) 

 Melanoma-associated retinopathy (MAR) is a 
form of paraneoplastic retinopathy that has been 
described in patients with cutaneous malignant 
melanoma. MAR commonly presents after the 
melanoma is diagnosed, often at the stage of metas-
tases. MAR has been reported to occur in higher 
frequency in men than women  [  4  ] . Berson et al. in 
1988 initially classi fi ed MAR as a paraneoplastic 

retinopathy in a patient with both visual loss and 
the diagnosis of metastatic melanoma  [  28  ] . 

 The pathogenesis theory of MAR is based on 
molecular mimicry: tumor cells and retinal bipo-
lar cells share epitopes  [  29,   30  ] . The tumor’s 
retina-like antigens sensitize the immune system. 
The immune system, in turn, recognizes certain 
portions of the retina as foreign. The speci fi c 
antigen responsible for MAR has not been deter-
mined, but analysis of previous cases has shown 
autoantibodies to bipolar cells, Muller cells, and 
membrane-associated proteins within the retina 

Fig. 15.7 (continued)
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  Fig. 15.8    CAR case 2:  fl uorescein angiography demonstrates no leakage of dye at the macula, optic nerves, or vasculature, 
despite clinical cystoid macular edema. Cystoid macular edema is an infrequent  fi nding in CAR       
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 [  30–  35  ] . The most common hypothesis is that 
autoantibodies react with rod bipolar cells and 
their dendrites in the outer plexiform layer of the 
retina and cause failure of neural transmission 
from rods to the inner retina  [  4  ] . 

 In the setting of clinical features, patients 
may present with photopsias including shim-
mering or  fl ickering lights, night blindness, and 
peripheral visual  fi eld loss  [  4  ] . MAR patients 
will often have near normal visual acuity, color 

  Fig. 15.9    CAR case 3: rod ERG is slightly below the lower 
end of normal in amplitude and prolonged; mixed cone and 
rod ERG shows a-reduced and b-waves normal in amplitude; 

and the cone ERG is normal in amplitude and implicit time. 
Overall, the ERG was abnormal in each eye with relatively 
mild reduced rod dysfunction compared to cone responses       
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vision, and central visual  fi eld  [  4  ] . In contrast to 
CAR, only rods are affected and cones are 
spared. The most common fundus  fi nding is that 
of a normal retina. Approximately 25–35% of 
patients will have vitreous cell, vessel attenua-
tion, retinal pigment epithelium (RPE) changes, 
or optic nerve pallor  [  30  ] . 

 The histopathologic result may be the destruc-
tion of normal retinal architecture, especially the 
inner retinal layers  [  36,   37  ] . Speci fi cally, there 
may be reduction of bipolar neurons in the inner 
nuclear layer with normal photoreceptor cells in 
the outer nuclear layer and possible evidence of 
ganglion cell transsynaptic atrophy  [  4  ] . 

 The diagnosis of MAR is based upon a posi-
tive history of malignant melanoma and the dem-
onstration of patient IgG autoantibodies reacting 
with human donor rod bipolar cells on 
immuno fl uorescent stains. However, anti-bipolar 
cell antibodies are not speci fi c to MAR. Typical 
ERG  fi ndings include a negative scotopic wave-
form with a markedly reduced or absent dark 
adapted b wave, indicating bipolar and Muller 
cell dysfunction, and sparing of the a wave  [  4  ] . 

 Recently, treatment has been reported to 
involve reduction of tumor load by surgery or 
radiation to allow adjuvant immunotherapy 
(intravenous immunoglobulin [IVIg], plasma-
pheresis, or systemic corticosteroids) to be more 
effective  [  30  ] . Unfortunately, the vast majority 

of patients have metastatic disease at diagnosis 
 [  30  ] . Keltner et al. in 2001 described therapeutic 
outcomes in 11 MAR patients. Cytoreductive 
surgery was reported to improve visual acuity 
and visual  fi eld in one patient and the color 
vision and visual  fi eld in another  [  4,   30  ] . Also, 
IVIg alone improved the visual acuity in one 
patient, and both IV methylprednisolone and 
plasmapheresis improved the visual acuity and 
visual  fi eld in another patient  [  4,   30  ] . In other 
reports, IVIg and cytoreductive surgery were 
effective in improving visual symptoms, visual 
 fi eld, and color vision in one patient  [  38  ]  and 
visual  fi eld in another patient  [  4,   39  ] . The 
reported cases of MAR in the literature indicate 
that steroids alone may not likely improve vision. 
In only 3 out of 64 MAR patients, steroids 
decreased vitreous haze and improve retinal 
phlebitis  [  4,   29,   40  ] . However, combination ther-
apy with plasmapheresis, oral prednisone, aza-
thioprine, and gabapentin together improved the 
visual  fi elds and ERG in one patient  [  4  ] . Similar 
to CAR, ineffective treatments may also be the 
result of irreversible damage to retinal cells and 
raise the question of whether visual loss can be 
prevented with treatment prior to structural dam-
age. Overall, the long-term stabilization of visual 
outcome and prognosis for MAR is unknown at 
this time and will require longer follow-up data 
in the reported literature. 

  Fig. 15.10    CAR case 3: Fundus photos OD and OS demonstrate hazy media secondary to vitritis, disk edema OU, and 
a blunted foveal re fl ex secondary to macular edema       
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  Fig. 15.12    CAR case 3: Rod ERG is reduced in ampli-
tude with prolonged implicit time; mixed cone and rod 
ERG shows that a and b waves are at lower end of nor-
mal in amplitude but prolonged; and cone ERG is nor-

mal in amplitude but markedly prolonged. Overall, 
full- fi eld ERGs showed rod and cone dysfunction–
based amplitudes with prolonged response for both 
rods and cones       
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  Fig. 15.14    CAR case 3: ( a ) HVF 30–2 OD and ( b ) OS 1 month after initiating systemic chemotherapy and radiation 
demonstrate improved constriction OU. Visual acuity improved to 20/50 OD and 20/80 OS         

  Fig. 15.13    CAR case 3: Fundus photos ( a ) OD and ( b ) OS 1 month after initiating systemic chemotherapy and radia-
tion for small cell lung cancer, which demonstrated improved disk edema OU. Visual acuity improved to 20/50 OD and 
20/80 OS       
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   MAR Case 

 A 57-year-old Hispanic male presented with 
bilateral nyctalopia, blurred vision, and occa-
sional  fl ashes for the past month. His history was 
signi fi cant for excision of a small melanoma from 
his right heel approximately 3 years previously. 
He received a brief course of interferon therapy 
following the melanoma excisional biopsy, which 
was completed approximately 2½ years prior to 
presentation. Initial and all subsequent metastatic 
workups (most recently 2 years prior to presenta-
tion) were negative. The patient’s family mem-
bers had no heritable ocular diseases. He gave no 
history of tobacco, alcohol, or street drug use. 

 On examination, best corrected visual acuity 
was 20/40 OD and 20/25 OS. The anterior cham-
bers were quiet, and intraocular pressure was 
16 OU. There were trace vitreous cells. A retinal 
pigment epithelial detachment (RPED) was pres-
ent superior to the fovea in the right macula, and 
there were some minor pigmentary changes in 
the left macula (Fig.  15.15a, b ). There were 
myelinated nerve  fi bers OD and an area of retinal 
whitening in the inferonasal periphery 
(Fig.  15.15c, d )  

 On  fl uorescein angiography, the most striking 
aspect of the angiogram was the late staining of 
the optic disk and vasculature, right eye greater 
than left eye (Fig.  15.16a–d ). Pigment epithelial 

Fig. 15.14 (continued)
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defects and an RPED were con fi rmed. Humphrey 
and Goldmann visual  fi elds showed generalized 
severe reduction of sensitivity to the size III stim-
ulus and constriction of the peripheral  fi elds 
(Fig.  15.17 ). An ERG showed loss of the scotopic 
B wave consistent with his complaints of nycta-
lopia and as previously reported in MAR  [  41  ] . 
Testing for autoantibodies directed against retina 
was performed at the University of California at 
Davis.   

 The differential diagnosis of low-grade retinal 
vasculitis of indolent course associated with nyc-
talopia and mild decreased visual acuity with 
constricted  fi elds was quite broad and included 
infectious, in fl ammatory, pharmacologic, neo-
plastic, and idiopathic causes. The history of 
interferon treatment raised the possibility of 
interferon retinopathy with retinal ischemia, but 
these  fi ndings usually resolve within 9–12 months 
after cessation of interferon. This patient had no 

cotton wool spots, which are seen in almost all 
cases, and his last interferon dose was more than 
2 years ago making interferon retinopathy highly 
unlikely. 

 Given the patient’s history of cutaneous mela-
noma, the leading diagnostic consideration was 
melanoma-associated retinopathy. This paraneo-
plastic syndrome commonly presents with nycta-
lopia. However, there is only one previously 
reported case of melanoma-associated retinopa-
thy presenting with vasculitis  [  40  ] . 

 Laboratory studies were performed and dem-
onstrated normal values for the complete blood 
count, basic metabolic panel, ANA, ANCA, 
ACE, ESR and RPR. A chest radiograph revealed 
mild  fl attening of the diaphragms but no hilar 
lymphadenopathy or masses. 

 Dr. Charles Thirkill at the University of 
California, Davis, performed serologic and 
immunologic testing on blood samples from this 

  Fig. 15.15    MAR case. ( a ) Fundus photo OD shows elevated 
lesion superior to  fi xation in the right macula suggestive of a 
pigment epithelial detachment. ( b ) Fundus photo OS shows 
 fl at pigmentary alterations in the left macula. ( c ) Myelinated 

nerve  fi bers are present below the inferior arcade OD. 
( d ) There is an area of super fi cial retinal whitening OD 
approximately one disk area in size inferonasally. This  whiten-
ing  appeared more intense around the arterioles and venules       
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  Fig. 15.16    MAR case. ( a ,  b ) Fluorescein angiography OD. 
( a ) At 0:23 s, there is early hyper fl uorescence in the pigment 
epithelial detachment, which has an atypical, irregular bor-
der and a small satellite lesion temporally. At 7:47 min, dif-
fuse staining of the retinal veins and optic nerve is seen. 
( b ) The RPED stains inhomogeneously with an irregular 

border. ( c ,  d ) Fluorescein angiography OS. ( c ) At 2:10 min, 
there are scattered areas of hyper fl uorescence consistent 
with pigment epithelial window defects in the left peripapil-
lary and perifoveal areas. The nerve and venules show early 
staining. ( d ) At 7:30 min, there is an increase in the mild 
staining of the proximal venules and the optic nerve       

  Fig. 15.17    MAR case. ( a ) Goldmann visual  fi elds OD and ( b ) OS revealed generalized constriction       
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patient. Western blot with bovine retina extract 
revealed diffuse abnormal activity. Indirect 
immunohistochemistry revealed abnormal anti-
body activity upon rhesus monkey retina and 
optic nerve. FITC-conjugated rabbit anti-human 
gamma globulins indicated that human antibody 
had bound all layers of the neurosensory retina, 
vasculature, and optic nerve stroma (Fig.  15.18a , 
b). No human antibody from control patient 
serum bound the rhesus monkey retina 
(Fig.  15.18c ).  

 Based on a presumptive diagnosis of MAR, 
the patient was treated with systemic corticoster-
oids. A metastatic workup revealed liver metasta-
ses related to melanoma. He survived for another 
2 years before succumbing to his disease.   

   Autoimmune-Related Retinopathy 
and Optic Neuropathy (ARRON) 

 The disease spectrum of autoimmune-related 
retinopathy and optic neuropathy (ARRON) 
encompasses cases of retinal and/or optic nerve 
involvement and was classi fi ed by Keltner et al. 
in 2002  [  30,   42  ] . ARRON is characterized by 
visual loss and often the presence of antibodies 
that are reactive with the optic nerve and/or ret-
ina. ARRON has been reported to be more com-
mon in women than men (2:1), and the average 
age is 50 years (range 37–75 years)  [  42–  44  ] . The 
majority of ARRON patients have associated 

systemic immunologic diseases such as systemic 
lupus erythematosus, rheumatoid arthritis, thy-
roid disease, celiac sprue, Sjogren’s disease, pso-
riatic arthritis, and idiopathic thrombocytopenic 
purpura  [  30,   42,   45  ] . 

 The pathophysiology of ARRON syndrome 
has not been fully established.    Autoantibodies 
against a 22-kDa antigen, a 23-kDa antigen 
(recoverin), Muller cells, a 35-kDa antigen, and a 
47-kDa antigen have all been reported in the lit-
erature  [  43,   44  ] . Speci fi cally, anti-recoverin anti-
body has been described to stain photoreceptors, 
and anti-47-kDa antibodies stain ganglion cells, 
bipolar cells, and Muller cells  [  43,   46  ] . Western 
blot analysis can be utilized to identify patients 
with ARRON syndrome, and most commonly 
demonstrate autoantibodies reactive with the 
22-kDa neuronal antigen present in the retina 
and/or optic nerve  [  42  ] . In ARRON, it remains 
unclear whether antibodies directed against optic 
nerve and retina play a direct role in loss of visual 
function or whether antibodies are possibly the 
result of an epiphenomenon and are produced 
secondary to nonspeci fi c breakdown of retinal 
and optic nerve proteins  [  45,   46  ] . 

 ARRON syndrome may present in a similar 
clinical manner to CAR and MAR in the absence 
of an underlying malignancy. In the setting of 
visual function, ARRON patients will often pres-
ent asymmetrically in terms of visual acuity and 
visual de fi cits  [  43  ] . The majority of ARRON 
cases will present with ERG abnormalities, which 

  Fig. 15.18    MAR case. ( a ) The patient’s serum diffusely 
stained all layers of rhesus monkey retina and vascula-
ture. ( b ) The patient’s serum also diffusely stained optic 
nerve stroma. In other reported cases of MAR, staining 

has been con fi ned to bipolar cells. ( c ) Control human 
serum demonstrates a lack of staining of monkey retina 
(Courtesy of Dr. Charles Thirkill, University of California 
at Davis)       
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are often detectable prior to the onset of visual 
loss and are similar to  fi ndings in CAR  [  45  ] . 
Mizener et al. in 1997 described autoimmune 
retinopathy in the absence of an underlying can-
cer  [  47  ] . They reported two patients that pre-
sented with severe monocular vision loss with 
photopsias, ring scotomas, abnormal ERGs, and 
a normal-appearing fundus  [  45,   47  ] . The sera 
from both patients also demonstrated antiretinal 
antibodies that speci fi cally labeled the inner 
plexiform layer by indirect immunoperoxidase 
staining  [  45,   47  ] . Keltner and Thirkill in 1999 
described eight patients with unexplained visual 
loss  [  46  ] . Seven of these cases were determined 
to have ARRON syndrome, and one of the eight 
had MAR  [  46  ] . Autoantibody reactions to the 
retina and optic nerve were detected in each case, 
including a common antibody reaction with the 
22-kDa neuronal antigen  [  45,   46  ] . In 2002, 
Keltner and Thirkill evaluated 12 ARRON 
patients  [  42  ] . The described    clinical  fi ndings 
included 11 of 12 who had optic nerve atrophy 
and 8 of 12 who had nonspeci fi c retinal changes 
except for blood vessel attenuation in three 
patients  [  42,   45  ] . ERG abnormalities were pres-
ent in ten patients  [  42  ] . Furthermore, there was 
no underlying malignancy in any of these patients, 
and systemic immunologic disease was present 
in 8 out of 12 patients  [  42  ] . Additional clinical 
 fi ndings included the presence of  fi ne vitreous 
cells, and the visual  fi elds displayed diffuse loss 
or constriction  [  42  ] . 

 Suggestive diagnostic criteria for ARRON 
syndrome were described by Oyama et al. in 
2009 and include four of the following features: 
visual loss as demonstrated either by visual acu-
ity or by visual  fi eld examination, evidence of 
optic nerve or retinal abnormalities, no evidence 
of malignancy after extensive evaluation, and no 
identi fi able cause for optic neuropathy and/or 
retinopathy  [  43  ] . Also, additional diagnostic evi-
dence can include the presence of serum antibod-
ies against retina and or optic nerve  [  43  ] . 
Screening recommendations for evaluation for an 
underlying malignancy can include dermatologic 
skin survey, colonoscopy, standard prostate 
screening, gynecologic examination, mammog-
raphy, lumbar puncture, whole body imaging, 

and serum testing for recoverin and 62-kDa 
 neuronal antigen called collapsin response medi-
ator protein-5 (CRMP   -5)  [  43  ] . The differential 
diagnosis for ARRON, therefore, includes simi-
lar clinical entities discussed earlier with the 
paraneoplastic retinopathies. 

 Several treatments for ARRON have been 
reported in the literature with variable success. 
The primary approach is often based upon treat-
ment of any underlying systemic disorders. The 
goal of treatment for ARRON syndrome consists 
of suppressing the immune response  [  45  ] . Oral or 
intravenous corticosteroids are typically used as 
 fi rst-line therapy  [  45  ] . Depending on the response 
to corticosteroid treatment, cyclophosphamide, 
methotrexate, IVIg, and plasma exchange (PE) 
have been used singly or in combination as the 
next line of therapy  [  45  ] . Speci fi cally, 70% of 
ARRON patients have been reported to require 
combination therapy  [  42  ] . In 2008, Barret et al. 
described a case of an ARRON patient with 
declining visual acuity, visual  fi eld, and color 
vision despite multiple treatment modalities 
including prednisone, methylprednisolone, IVIg, 
azathioprine, and methotrexate  [  45  ] . In this case, 
there was a successful response to plasma 
exchange (PE) followed by intravenous immuno-
globulin (IVIg) and later PE maintenance therapy 
alone  [  45  ] . More recently, Oyama et al. in 2009 
reported stabilization of clinical manifestations 
in a patient with ARRON treated with autologous 
hematopoietic stem cell transplantation (HSCT) 
 [  43  ] . In this case, the progressive hearing and 
visual loss was slowed by IVIG treatment; how-
ever, the peripheral symptoms continued to 
worsen  [  43  ] . The non-myeloablative HSCT regi-
men was utilized to treat this patient since an 
identical regimen had been used safely and with 
encouraging outcomes in systemic lupus erythe-
matosus (SLE) and type I diabetes mellitus  [  43  ] . 
In this case, the HSCT was well tolerated, and 
there was an improvement in symptoms and 
reversal of declining visual  fi elds and acuity  [  43  ] . 
There was also a reduction in the total number of 
antibodies after HSCT against both the retina and 
optic nerve  [  43  ] . As ARRON syndrome is newly 
described and often underdiagnosed, no treat-
ment regimen has been proven optimal due to the 
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limited number of cases. Further studies will be 
needed to determine and evaluate for an effective 
long-term treatment approach.  

   Pearls 

 See Table  15.1 . 
   Autoimmune retinopathies and paraneoplastic • 
retinopathies are rare ocular conditions with 
diverse and often subtle clinical and immuno-
logical features that require a high index of 
clinical suspicion.  
  CAR is most frequently associated with small • 
cell carcinoma of the lung, and antibodies are 
directed against both rods and cones resulting 
in ERG abnormalities in the majority of cases. 
Antibodies directed toward recoverin, a 
23-kDa retinal protein, and 46-kDa retinal 
enolase are most commonly identi fi ed.  
  The key diagnostic features with MAR are a • 
history of cutaneous malignant melanoma, 
and a negative ERG pattern with antibodies 
being directed most commonly against rod 
bipolar cells. In both CAR and MAR syn-
dromes, the fundus can appear normal in the 
early stage of the disease.  
  ARRON typically presents with asymmetric • 
visual loss, and antibodies are directed against 

the retina and/or optic nerve without the pres-
ence of an underlying malignancy. ERG 
 fi ndings may be similar to CAR. Autoantibodies 
reactive with the 22-kDa neuronal antigen are 
most commonly demonstrated.  
  Many retinal antibodies involved in these • 
autoimmune retinopathies likely remain to be 
identi fi ed.  
  Future considerations are for standardization • 
of assays to measure the presence and titers of 
antiretinal antibodies in order to enhance the 
clinical value of antibody testing for these 
conditions  [  48  ] .         

   References 

    1.    Khan N, Huang J, Foster S. Cancer associated retin-
opathy (CAR): an autoimmune-mediated paraneo-
plastic syndrome. Semin Ophthalmol. 
2006;21:135–41.  

    2.    Heckenlively JR, Ferreyra HA. Autoimmune retinop-
athy: a review and summary. Semin Immunopathol. 
2008;30(2):127–34.  

    3.    Chant SM, Heckenlively JR, Meyers-Elliott RH. 
Autoimmunity in hereditary retinal degeneration. 
I. Basic studies. Br J Ophthalmol. 1985;69(1):
19–24.  

    4.    Chan JW. Paraneoplastic retinopathies and optic neu-
ropathies. Surv Ophthalmol. 2003;48(1):12–38.  

    5.    Sawyer RA, Selhorst JB, Zimmerman LE, Hoyt WF. 
Blindness caused by photoreceptor degeneration as a 

   Table 15.1    Summary characteristics for autoimmune retinopathy and paraneoplastic syndromes   

 Conditions  Systemic associations  Clinical presentation  ERG  fi ndings  Antibody detection 

 CAR  Small cell lung, 
gynecologic, breast 
cancer (most common) 
 [  4  ]  

 Subacute, bilateral visual 
loss; entoptic symptoms; 
manifestations of rod and 
cone dysfunction; normal 
fundus early in disease 
course  [  1  ]  

 Abnormal scotopic and 
photopic response; a and 
b waves may both be  fl at 

 23, 46 (most 
common), 45, 60, 
65, 44, 43, 63 kDa, 
TULP-1, PNR, 
CRMP-5-IgG  [  4  ]  

 MAR  Cutaneous malignant 
melanoma 

 Photopsias, near normal 
visual acuity, normal fundus 
(most common)  [  4  ] ; 
symptoms usually present 
when melanoma is already 
diagnosed 

 Abnormal scotopic 
response with markedly 
reduced or absent dark 
adapted b wave 

 Autoantibodies to 
rod bipolar cells and 
dendrites in the 
outer plexiform 
layer  [  4  ]  

 ARRON  Systemic immunologic 
diseases (SLE, RA, 
ITP, psoriatic arthritis, 
thyroid disease, celiac 
sprue, Sjogren’s 
syndrome)  [  30,   42,   45  ]  

 Similar to CAR and MAR in 
absence of malignancy; 
asymmetric visual acuity and 
visual  fi eld de fi cits  [  43  ]  

 Abnormal scotopic and 
photopic patterns 
(similar to CAR) 

 22 (most common), 
23, 35, and 47 kDa 
 [  43,   44  ]  



30715 Autoimmune Retinopathy and Paraneoplastic Syndromes

remote effect of cancer. Am J Ophthalmol. 1976;81: 
606–13.  

    6.    McGinnis JF, Austin B, Klisk I, Heinzmann C, Kojis T, 
Saprkes RS. Chromosomal assignment of the human 
gene for the cancer associated retinopathy protein to 
chromosome 17p13.1. J Neurosci Res. 1995;40: 
165–8.  

    7.    Adamus G, Machnicki M, Elerding H, Sugden B, 
Blocker YS, Fox DA. Antibodies to recoverin induced 
apoptosis of photoreceptor and bipolar cells in vivo. 
J Autoimmun. 1998;11:523–33.  

    8.    Thirkill CE, Roth AM, Keltner JL. Cancer-associated 
retinopathy. Arch Ophthalmol. 1987;105:372–5.  

    9.    Cross SA, Salomao DR, Parisi JE, Kryzer TJ, 
Bradley EA, Mines JA, Lam BL, Lennon VA. 
Paraneoplastic autoimmune optic neuritis with retinitis 
de fi ned by CRMP-5-IgG. Ann Neurol. 2003;54:38–50.  

    10.    Sawyer RA, Selhorst JB, Zimmerman LE, et al. 
Blindness caused by photoreceptor degeneration as a 
remote effect of cancer. Am J Ophthalmol. 1976;181: 
606–13.  

    11.       Hooks JJ, Tso MO, Detrick B. Retinopathies associ-
ated with anti-retinal antibodies. Clin Diagn Lab 
Immunol. 2001;8:853–8.  

    12.   Cancer associated and related autoimmune retinopa-
thies. 2010.   http://emedicine.Medscape.com/ 
article/1227724    . Accessed 19 Jan 2010.  

    13.    Matsui Y, Mehta MC, Katsumi O, et al. 
Electrophysiological  fi ndings in paraneoplastic retin-
opathy. Graefes Arch Clin Exp Ophthalmol. 1992;230: 
324–8.  

    14.    Ferreyra HA, Jayasundera T, Khan NW, He S, Lu Y, 
Heckenlively JR. Management of autoimmune retin-
opathies with immunosuppression. Arch Ophthalmol. 
2009;127(4):390–7.  

    15.    Heckenlively JR, Jordan BL, Aptsiauri N. Association 
of antiretinal antibodies and cystoid macular edema in 
patients with retinitis pigmentosa. Am J Ophthalmol. 
1999;127(5):565–73.  

    16.    Guy J, Aptsiauri N. Treatment of paraneoplastic visual 
loss with intravenous immunoglobulin: report of 3 
cases. Arch Ophthalmol. 1999;117:471–7.  

    17.    Brink H, Deutman A, Beex L. Unusual retinal pig-
ment epitheliopathy and choroidopathy in carcinoma-
tosis: a rare case of cancer-associated retinopathy. 
Graefes Arch Clin Exp Ophthalmol. 1997;236:75.  

    18.    Keltner JL, Roth AM, Chang RS. Photoreceptor 
degeneration, possible autoimmune disorder. Arch 
Ophthalmol. 1983;101:564–9.  

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

    20.    Jacobson DM, Thirkill CE, Tipping SJ. A clinical triad 
to diagnose paraneoplastic retinopathy. Ann Neurol. 
1990;28:162–7.  

    21.    Kashiwabara K, Nakamura H, Kishi K, et al. Cancer 
associated retinopathy during treatment for small-cell 
lung carcinoma. Intern Med. 1999;38:597–601.  

    22.    Espander L, O’Brien S, Thirkill C, Lubecki LA, 
Esmaeli B. Successful treatment of cancer associated 

retinopathy with alemtuzumab. J Neurooncol. 
2007;83:295–302.  

    23.    Yoon YH, Cho EH, Sohn J, Thirkill CE. An unusual 
type of cancer-associated retinopathy in a patient with 
ovarian cancer. Korean J Ophthalmol. 1999;13:43–8.  

    24.    Murphy MA, Thirkill CE, Hart WM. Paraneoplastic 
retinopathy: a novel autoantibody reaction associated 
with small cell lung carcinoma. J Neuroophthalmol. 
1996;17:77–83.  

    25.    Salgia R, Hedges TR, Rizk M, et al. Cancer-associated 
retinopathy in a patient with non-small-cell lung car-
cinoma. Lung Cancer. 1998;22:149–52.  

    26.    Thirkill CE, FitzGerald P, Sergott RC, et al. Cancer 
associated retinopathy (CAR syndrome) with anti-
bodies reacting with retinal, optic-nerve, and cancer 
cells. N Engl J Med. 1989;321:1589–94.  

    27.    Thirkill CE, Tait RC, Tyler NK, et al. The cancer asso-
ciated retinopathy antigen is a recoverin-like protein. 
Invest Ophthalmol Vis Sci. 1992;33:2768–72.  

    28.    Berson EL, Lessell S. Paraneoplastic night blindness 
with malignant melanoma. Am J Ophthalmol. 2001;49: 
214–21.  

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

    30.    Keltner JL, Thirkill CE, Yip PT. Clinical and immu-
nologic characteristics of melanoma associated retin-
opathy syndrome: eleven new cases and a review of 
51 previously published cases. J Neuroophthalmol. 
2001;21:173–87.  

    31.    Alexander KR, Fishman GA, Peachey NS, et al. ‘On’ 
response defect in paraneoplastic night blindness with 
cutaneous malignant melanoma. Invest Ophthalmol 
Vis Sci. 1992;33:477–83.  

    32.    Milam AH. Clinical aspects: paraneoplastic retin-
opathy. In: Djamgoz MBA, Archer SN, Vallerga S, 
editors. Neurobiology and clinical aspects of the 
outer retina. London: Chapman and Hall; 1995. 
p. 461–71.  

    33.    Lei B, Bush RA, Milam AH, et al. Human melanoma-
associated retinopathy (MAR) antibodies alter the 
retinal ON-response of the monkey ERG in vivo. 
Invest Ophthalmol Vis Sci. 2000;41:262–6.  

    34.    Ohguro H, Palczewski K, Milam AH. A retinal bipo-
lar cell protein is recognized by autoantibodies from 
patients with melanoma associated retinopathy. Invest 
Ophthalmol Vis Sci. 1999;40:s153.  

    35.    Flynn MF, Fisherman GA, Adamus G. Antiretinal 
Muller cell antibodies in patients with melanoma 
associated and immune retinopathy. Invest Ophthalmol 
Vis Sci. 2000;41:s567.  

    36.    Okel BB, Thirkill CE, Anderson K. An unusual case 
of melanoma associated retinopathy. Ophthalmology. 
1994;101:1837–43.  

    37.    Gittinger Jr JW, Smith TW. Cutaneous melanoma-
associated paraneoplastic retinopathy: histopathologic 
observations. Am J Ophthalmol. 1999;106:2121–5.  

    38.    Vaphiades MS, Brown H, Whitcup SM. Node way 
out. Surv Ophthalmol. 2000;45:77–83.  

http://emedicine.Medscape.com/article/1227724
http://emedicine.Medscape.com/article/1227724


308 S. Yalamanchi et al.

    39.    Singh AD, Miliam AH, Shields CL, et al. Melanoma 
associated retinopathy. Am J Ophthalmol. 1995;119:
369–70.  

    40.    Remulla JF, Pineda R, Gaudio AR, et al. Cutaneous 
melanoma associated retinopathy with retinal 
periphlebitis. Arch Ophthalmol. 1995;113:854–5.  

    41.    Jacobson DM. Paraneoplastic diseases of neuro- 
ophthalmology interest. In: Miller NR, Newman NJ, edi-
tors. Walsh and Hoyt’s clinical neuro-ophthalmology. 
Baltimore: Williams & Wilkins; 1998. p. 2497–551.  

    42.    Keltner JL, Thirkill CE, Huynh PM. Autoimmune-
related retinopathy and optic neuropathy (ARRON) 
syndrome. J Neuroophthalmol. 2002;22(2):160–1.  

    43.    Oyama Y, Burt RK, Thirkill C, Hanna E, Merrill K, 
Keltner J. A case of autoimmune-related retinopathy 
and optic neuropathy syndrome treated by autologous 
nonmyeloablative hematopoietic stem cell transplan-
tation. J Neuro-Ophthalmol. 2009;29:43–9.  

    44.    Adamus G, Ren G, Weleber RG. Autoantibodies 
against retinal proteins in paraneoplastic and autoim-
mune retinopathy. BMC Ophthalmol. 2004;4:5.  

    45.    Barrett RV, Vaphiades MS. Treatment of autoimmune-
related retinopathy and optic neuropathy syndrome 
(ARRON) with plasma exchange and IVIg. Neuro-
Ophthalmol. 2008;32:33–9.  

    46.    Keltner JL, Thirkill CE. The 22 kDa antigen in optic 
nerve and retinal diseases. J Neuroophthalmol. 
1999;19(2):71–83.  

    47.    Mizener JB, Kimura AE, Adamus G, et al. Autoimmune 
retinopathy in the absence of cancer. Am J Ophthalmol. 
1997;123(5):607–18.  

    48.    Fooroghian F, Macdonald IM, Heckenlively JR, 
Heon E, Gordon LK, Hooks JJ, Detrick B, 
Nussenblatt RB. The need for standardization 
of  antiretinal antibody detection and measurement. 
Am J Ophthalmol. 2008;146(4):489–95.      



309J.F. Arévalo (ed.), Retinal and Choroidal Manifestations of Selected Systemic Diseases, 
DOI 10.1007/978-1-4614-3646-1_16, © Springer Science+Business Media New York 2013

  16

   Introduction 

 Many gastrointestinal diseases have manifesta-
tions in the retina and choroid. Their physiopa-
thology is related to the type of disease. Most 
present with nonspeci fi c manifestations such as 
posterior uveitis, intraretinal hemorrhages, vascu-
litis, choroiditis, optic neuropathy, and vaso-
occlusive phenomena. Most importantly, many 
patients exhibit ophthalmologic manifestations 
and symptoms before the systemic compromise is 
evident, and the ophthalmologic  fi ndings may be 
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  Abstract 

 This chapter describes some of the gastrointestinal diseases that have ocular 
manifestations, especially in the retina and choroid. They include 
in fl ammatory bowel disease (IBD), Whipple’s disease, pancreatitis, avita-
minosis A, familial adenomatous polyposis, and zinc and copper de fi ciency. 
Their etiologies are diverse: IBD is thought to arise from an alteration in 
the immune response, Whipple’s disease is caused by the bacteria 
 Tropheryma whipplei , pancreatitis causes a vaso-occlusive retinopathy 
possibly arising from  fi brin aggregates, and familial adenomatous polypo-
sis is a genetic disorder. It is important to keep these diseases in mind, as 
they require speci fi c treatments and in some cases may be the initial mani-
festation of a potentially fatal disease.  

  Keywords 

 Avitaminosis A  •  Congenital hypertrophy of the retinal pigment  epithelium  
•  Familial adenomatous polyposis  •  In fl ammatory bowel disease  
•  Nyctalopia  •  Pancreatitis  •  Posterior uveitis  •  Purtscher-like retinopathy  
•  Vasculitis  •  Whipple’s disease      
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the key for obtaining a diagnosis. This is especially 
important as some of these diseases such as 
in fl ammatory bowel disease, pancreatitis, and 
Whipple’s disease may be fatal if not treated. 

 Another important entity in this chapter is the 
retinal and choroidal manifestations of malab-
sorption syndromes, such as vitamin A de fi ciency, 
which is accompanied by nyctalopia. These 
manifestations are reversible with the supple-
mentation of the speci fi c vitamin or minerals, but 
an appropriate diagnosis needs to be made. These 
vitamin de fi ciency syndromes have become more 
prevalent in recent years in developed countries 
with the increase in bariatric surgery procedures, 
which are very often followed by malabsorption 
syndromes. 

 Many posterior segment in fl ammatory  fi ndings 
are often left as idiopathic, but it is important to 
keep in mind that they may be manifestations of 
gastrointestinal diseases. Because they are fre-
quently nonspeci fi c and variable, the clinician 
must have a high degree of suspicion regarding 
the possibility of any gastrointestinal disease, as 
different tests can be performed and speci fi c 
treatment needs to be prescribed.  

   In fl ammatory Bowel Disease 

 In fl ammatory bowel disease (IBD) is an immune-
mediated chronic intestinal condition. It has been 
divided into two different types: ulcerative colitis 
(UC) and Crohn’s disease (CD). 

 It is thought that the disease is brought about 
by an abnormal immune response to certain 
microorganisms in a person with a genetic pre-
disposition. Both diseases consist of chronic 
in fl ammation of the colon but they have different 
characteristics. Ulcerative colitis involves the 
large intestine and the colon and is often most 
severe in the rectal area, which can cause fre-
quent diarrhea. By de fi nition, ulcerative colitis 
only involves the mucosa of the intestinal wall. 
Crohn’s disease generally involves both the 
ileum and colon, usually in a discontinuous pat-
tern. The in fl ammation in CD is transmural and 
can be associated with granuloma formation, 
severe scarring, and  fi stulas (not generally found 
in UC)  [  1  ] . 

   Epidemiology 

 The incidence of IBD varies depending on the 
location and type of population. It is found more 
frequently in Europe and North America. In North 
America, the incidence is estimated at 1.3–2.2 
cases per 100,000 persons/year for ulcerative 
colitis and 3.1–14.6 cases per 100,000 persons/
year for Crohn’s disease. Prevalence rates for UC 
in North America are estimated at 37–246 cases 
per 100,000 persons/year and at 26–199 cases for 
CD  [  2  ] . Incidence and prevalence rates in Europe 
are similar. IBD was thought to be rare in other 
locations, but its incidence is increasing in areas 
such as Japan, South Korea, Singapore, India, and 
Latin America, especially referring to cases of 
UC. The mortality ratio for UC and CD has been 
estimated to be 1.37 and 1.51, respectively based 
on a Swedish population  [  2  ] . Mortality generally 
occurs from complications in the  fi rst years of the 
disease or as a result of late-stage colon cancer. 

 The peak age of onset is 15–30 years, although 
there is a second peak from ages 60 to 80. In 
Crohn’s disease, men and women are equally 
affected, whereas in UC, men are slightly more 
affected (1.2–1.8 men per woman). Prevalence of 
the disease is also related to population type: 
Jewish populations have a higher prevalence, 
especially Ashkenazi Jews. It is also more fre-
quently found in urban areas as opposed to rural 
populations, especially in people of higher eco-
nomic status. Smoking has a different effect on 
the risk of developing IBD: nonsmokers have a 
greater risk for developing UC, whereas smokers 
have a twofold risk of developing CD. Oral con-
traceptives also seem to increase the risk of CD 
(odds ratio: 1.4). Appendectomy increases the 
chance of having CD but is protective against 
UC. IBD is frequently associated to immune dis-
eases such as psoriasis, ankylosing spondylitis, 
and primary sclerosing cholangitis. 

 IBD is most likely related to certain genetic 
susceptibilities and therefore runs in families. 
A  fi rst-degree relative of a patient has a 10% 
chance of developing the disease, and this  fi gure 
rises to 36% if the subject is the child of two par-
ents with IBD. 

 A hereditary pattern seems to be more present 
in CD than UC  [  3  ] .  
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   Pathophysiology 

 The normal intestine has a speci fi c immune state 
in which the mucosa is usually unresponsive to 
luminal contents because of oral tolerance, as 
opposed to exposure to the same antigens subcu-
taneously or intramuscularly. This is regulated by 
anergic T cells or suppressor CD4 lymphocytes. 
In IBD, the key pathologic  fi nding is in fi ltration 
into the lamina propia of immune cells, both 
related to the cellular response (macrophages, 
neutrophils, natural killer T cells) and the humoral 
response (T and B cells). Additionally, there is a 
high concentration of proin fl ammatory sub-
stances, such as tumor necrosis factor  a  (alpha) 
(TNF- a ), cytokines, and interleukins. It appears 
that both in UC and CD, a genetic predisposition 
results in activation of the immune response by 
CD4 T lymphocytes, as a response to normal 
intraluminal content. Once initiated, this immune 
response is perpetuated by T cell activation. In a 
normal immune response, as the infection sub-
sides, anti-in fl ammatory substances are secreted 
to regulate the reaction and avoid excessive tissue 
damage.    In IBD, there is an imbalance between 
pro- and anti-in fl ammatory agents, and abnormal 
reaction continues uncontrolled  [  1  ] . 

 Some authors suspect an infectious etiology for 
IBD. There have been several agents implicated in 
the abnormal activation of the immune system. 
These include pathologic organisms such as 
 Salmonella sp. ,  Shigella sp. ,  Campylobacter sp. , 
 Clostridium dif fi cile ,  Mycobacterium paratuber-
culosis , and  Escherichia  among others. This idea is 
supported by the improvement of symptoms by 
different nutritional plans and with agents that 
modify the normal intestinal  fl ora (antibiotics, 
antihelminths). Psychosocial factors, such as stress, 
are also related to exacerbation of the symptoms. 

 Various genes have been implicated in the 
development of IBD. The gene NOD2 is a sensor 
of peptidoglycans present in bacterial cell walls 
and has been associated especially with Crohn’s 
disease.  ATG16L1  and immunity-related GTPase 
M protein ( IRGM ) have also been associated with 
CD. Alterations in the interleukin-10 (IL-10) 
receptor have been related to CD, whereas muta-
tions in the IL-23 receptor and signaling pathway 
have been related to both UC and CD.  

   Clinical Presentation 

   Ulcerative Colitis 
 Patients usually present with diarrhea, rectal 
bleeding, tenesmus, passage of mucus or pus, and 
abdominal pain. The severity is very variable, and 
the symptoms usually last from weeks to months. 
Complications range from massive hemorrhages 
(1% of patients) to an acute dilation of the transverse 
colon, referred to as “toxic megacolon,” which may 
end up in a perforated bowel and the need for urgent 
surgery. About 5–10% of patients develop strictures 
and rarely present anal  fi ssures or abscesses.  

   Crohn’s Disease 
 This form starts with similar symptoms of chronic 
bowel in fl ammation. However, as opposed to 
ulcerative colitis, CD progresses to one of two pat-
terns of disease: a  fi brostenotic-obstructing pattern 
or a penetrating- fi stulous pattern. Complications 
include a small number of free perforations (1–2%) 
but very frequent  fi stula formation. Additionally, 
10–30% of patients will develop pelvic or intra-
abdominal abscesses, usually needing resection of 
the compromised bowel portion. They can also 
present with severe hemorrhage, malabsorption, 
and severe perianal disease. 

 Between 25% and 36% of patients have 
extraintestinal complications, which include 
cutaneous, articular, hepatobiliar, and ocular 
manifestations  [  4  ] . Sacroiliitis (14%) and periph-
eral arthritis (10.7%) were found to be the most 
frequent in a case study  [  5  ] .   

   Ocular Manifestations 

 Ocular manifestations occur in approximately 
6% of patients  [  6  ]  with CD and 8% of patients 
with UC  [  7  ] . The patient with ocular involvement 
usually either has a diagnosis of IBD or has gas-
trointestinal symptoms. However, it is important 
to know that ocular manifestations may be the 
presenting feature of the disease  [  8  ] . Ocular 
involvement can be independent of the severity of 
the disease at the time  [  9  ]  and usually presents 
within the  fi rst years of diagnosis  [  6  ] . 

 Most of the ocular symptoms in IBD relate to the 
anterior segment and ocular surface: mainly anterior 
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uveitis, conjunctivitis, corneal ulcers, and episc-
leritis  [  6  ] . The most frequent ocular manifestation is 
anterior uveitis, often coinciding with acute gastro-
intestinal symptoms. It usually presents as a mild 
anterior nongranulomatous uveitis (60% of the 
cases), but it can present as panuveitis or retinal vas-
culitis in up to 30% of the time  [  10  ] . In patients with 
IBD, the presence of uveitis is closely related to 
HLA-B27 and the appearance of erythema nodo-
sum and seronegative arthritis  [  11  ] . Women are at 
much higher risk of developing uveitis in IBD  [  9  ] . 
Episcleritis has been reported in up to 29% of 
patients, often related to the severity of the disease, 

resolving when the underlying cause is treated  [  12  ] . 
Scleritis has been reported in up to 18% of the cases 
with much more serious consequences  [  10,   12  ] . 

   Posterior Segment Lesions 
 There have been several reports of IBD associated 
with vitritis and retinitis, often with papillitis  [  13, 
  14  ] . Posterior uveitis was as frequent as 10% in one 
case series  [  15  ] . Features of acute posterior multi-
focal placoid pigment epitheliopathy (APMPPE) 
(Fig.  16.1a–h ) have been described, mainly con-
sisting of choroidal in fi ltrates responsive to steroids 
and patches of choroidal in fl ammation associated 

  Fig. 16.1    ( a ,  b ) A 25-year-old female complains of 
decreased visual acuity in both eyes. Past ophthalmological 
history was positive for anterior uveitis in both eyes, which 
resolved with topical steroids. At examination, visual acu-
ity was 20/50 in both eyes. Fundus examination disclosed 
nonactive, con fl uent, plaque-like lesions involving the 
macula in both eyes. The patient was lost for follow-up. 

( c ,  d ) Fluorescein angiography shows early hypo fl uorescent 
lesions with late hyper fl uorescence and staining in both 
eyes. ( e ,  f ) Five years later, the patient returned with a diag-
nosis of Crohn’s disease. Visual acuity was 20/25 in both 
eyes. Fundus examination showed nonactive lesions in 
both maculas. ( g ,  h ) Fluorescein angiography con fi rmed 
nonactive lesions in the macula in both eyes         
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with serous retinal detachments  [  16  ] . Posterior 
scleritis has also been described associated with 
choroidal in fi ltrates and retinal detachment  [  12  ] . 
Other manifestations include central serous chori-
oretinopathy, multifocal choroiditis  [  17  ] , serpigi-
nous choroidopathy  [  18  ] , retinitis, macular edema, 
and retinal telangiectasias.  

 Retinal vascular disease has also been described, 
mainly branch retinal artery occlusion  [  19  ] , central 
retinal artery occlusion, retinal vasculitis  [  20  ]  
(Fig.  16.2a, b, c ), and ischemic optic neuropathy 
 [  21  ] . These events have been attributed to a likely 
prothrombotic state caused by activation of the 
coagulation cascade. Secondary retinal neovascu-
larization has also been described  [  22  ] .   

   Treatment of Ocular Manifestations 
 Patients with uveitis, scleritis, and other anterior 
segment in fl ammation usually respond to steroids—
either topical, periocular, or systemic. In some cases, 

the in fl ammation is resistant to steroids, in which 
case other immunosuppressive medications should 
be used. Patients with uveitis and HLA-B27 usually 
have a more severe disease, less responsive to 
steroids  [  23  ] . 

 For posterior segment in fl ammation, systemic 
steroids are the initial therapy and may require use 
of long-term immunosuppressant “steroid-sparing 
agents.” In fl ammation may subside with resection 
of the affected bowel segment, although ocular 
in fl ammation is not an indication for surgery. 

 Steroid-sparing agents such as azathioprine, 
mycophenolate, and methotrexate may need to be 
used chronically, although special attention needs 
to be paid to their multiple serious side effects 
(bone marrow depression, pancreatitis, hepatitis, 
hepatic  fi brosis, opportunistic infections). 
Cyclosporine and tacrolimus are T cell inhibitors 
that have been used in cases of both uveitis and 
scleritis  [  24,   25  ] . 

Fig. 16.1 (continued)
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 Anti-tumor necrosis factor (TNF) monoclonal 
antibodies (in fl iximab, etanercept, adalimumab) 
have been proven effective to regulate the immune 
response in IBD and reestablish the anti-
in fl ammatory effects of T cells. They are particu-
larly useful in patients with uveitis or scleritis that 
have been refractory to other types of treatment. 
Unfortunately, their use is limited by the high cost 
and high rate of reactions upon infusion (up to 
20%), serious infections (particularly tuberculosis), 
and hypersensitivity reactions after multiple doses. 

 Other strategies include use of antibiotics for 
active infections, or agents such as metronidazole 
or cipro fl oxacin, which have been shown to alter 
the intestinal  fl ora and reduce in fl ammation. 
Nutritional therapies have also been shown to 
alter the immune response. They have been 
proven more useful for CD than UC. 

 Finally, nearly half the patients with extensive 
chronic UC undergo surgery within the  fi rst 10 years 

of their illness. Many different surgical techniques 
are used dependent upon the extent and location of 
the in fl ammation, but this information is beyond 
the scope of this chapter.    

   Whipple’s Disease 

 Whipple’s disease is a rare, multisystemic 
chronic infectious disease that primarily involves 
the gastrointestinal tract and usually manifests as 
malabsorption, weight loss, diarrhea, and nonde-
forming seronegative polyarthralgias. It can 
manifest with extraintestinal involvement, com-
promising the central nervous system, lungs, 
heart, and eyes. 

 Whipple’s disease was  fi rst described by 
George Hoyt Whipple in 1907, but it was not 
until almost a century later that the causative 
organism and the pathogenesis of the disease 

  Fig. 16.2    ( a ,  b ) Retinal vasculitis and ischemia in a 
patient with Crohn’s disease. Observe cotton-wool spots 
and intraretinal hemorrhages. ( c ) Late phase of  fl uorescein 

angiography shows staining of the retina vessels, areas of 
ischemia also observed in the color photographs and optic 
disk staining       
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were discovered. Whipple’s disease is quite rare, 
and its incidence is estimated at less than one 
case per million persons/year  [  26  ] . A postmortem 
study revealed a prevalence of 0.1%. A previous 
study reported 18–30 systemic cases per 
year/100,000 people. Most of those affected are 
Caucasian middle-aged men. 

 The classic, previously described symptoms 
present in approximately 85% of patients, with 
15% of patients having atypical manifestations. 
Without treatment, Whipple’s disease is ulti-
mately fatal. Even with antibiotic treatment, 
2–33%  [  27  ]  of cases relapse, usually with neuro-
logic involvement and a poor prognosis. 

 Whipple’s disease is caused by infection by 
the gram-positive bacillus  Tropheryma whipplei  
 [  28  ] . However, there appears to be a certain 
genetic susceptibility for the actual disease given 
the very speci fi c type of population that is affected 
(middle-aged Caucasian men) and the  fi nding of 
healthy subjects with  T. whipplei  in their saliva 
and stools. Data regarding the prevalence of 
 T. whipplei  in healthy subjects is controversial as 
the results are very variable, although the latest 
data seems to indicate a prevalence of  T. whipplei  
in 0.6% of saliva samples and 1.5% in stool 
samples. HLA-B27 has been related to this sus-
ceptibility, but no causative relationship has been 
established. 

 Pathologic studies of Whipple’s disease 
patients usually show tissue with a massive 
in fi ltration by macrophages. In healthy subjects, 
the bacillus multiplies in macrophages but not 
monocytes, whereas in affected individuals, it 
appears to replicate in both types of cells. 
Additionally, it is believed that patients with 
Whipple’s disease may have antigen-presenting 
cells that do not process  T. whipplei  properly and 
therefore cannot contain it. Various interleukins 
and cytokines have been implicated in this abnor-
mal reaction. An increase in interleukins 10 and 
16 and a decrease in  g  (gamma) interferon and 
interleukin-12 have been associated with an 
abnormal performance of antigen-presenting 
cells  [  29  ] . Additionally,  T. whipplei  has been 
found to replicate within macrophages and 
monocytes that have been deactivated with 
interleukin-16. 

   Diagnosis 

 Up until a few years ago, the diagnosis was made 
with pathologic studies of biopsy samples, mainly 
staining with periodic acid-Schiff (PAS). The 
diagnosis is made by demonstrating intracellular 
PAS-positive rod-shaped bacillary bodies within 
macrophages. At least  fi ve different samples are 
needed from different parts of the duodenum. 
PAS staining can also be performed in any of the 
suspected tissues (synovial  fl uid or tissue, cere-
brospinal  fl uid, hepatic biopsy, aqueous humor). 
Polymerase chain reaction (PCR) is beginning to 
be used more frequently for the diagnosis and 
especially for the follow-up and response to treat-
ment. However, PCR alone does not make a 
de fi nitive diagnosis due to the large number of 
false positives. Both PCR and PAS staining need 
to be positive to con fi rm the diagnosis.  

   Extraintestinal Manifestations 

   Central Nervous System 
 Neurologic manifestations are found in 6–63% of 
patients  [  30  ] . They are very diverse, although most 
(71%) present with some kind of cognitive change. 
Patients can also present with depression and per-
sonality changes. Neuro-ophthalmologic  fi ndings 
such as supranuclear ophthalmoplegia are fre-
quently seen, as well as ptosis, nystagmus, and 
other alteration of the extraocular muscles. Patients 
also present with generalized motility alterations, 
such as myoclonus. Hypothalamic dysfunction 
has also been described. The prognosis is poor 
with a mortality rate of 25% in 4 years.  

   Others 
 Joint involvement is seen in 65–90% of cases. 
It usually manifests as intermittent polyarthralgia 
and/or polyarthritis. 

 Cardiac involvement, most frequently peri-
carditis, is seen in over 50% of patients. 
Importantly,  T. whipplei  has been associated with 
blood culture–negative endocarditis, a dif fi cult 
diagnosis to make. 

 Pulmonary involvement occurs in an estimated 
30–40% of patients, manifested as pleural effusion, 
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pulmonary in fi ltration, or granulomatous mediasti-
nal adenopathies  [  26  ] . Occasionally, it presents with 
cutaneous and renal manifestations, among others.   

   Ocular Manifestations of Whipple’s 
Disease 

 The  fi rst case of ocular compromise in Whipple’s 
disease was published in 1949 by Jones and 

Paulley. Ocular involvement usually occurs late in 
the disease in patients with both gastrointestinal 
and neurologic symptoms. It presents in approxi-
mately 10% of patients with classic Whipple’s dis-
ease  [  31,   32  ] . Patients complain of blurred vision 
or visual loss. The ophthalmologic exam may 
reveal any of the following: keratitis, uveitis, vitri-
tis, retinal hemorrhages, retinitis (Fig.  16.3 ), chor-
oiditis (Fig.  16.4 ), and even optic atrophy.   

 Anterior or posterior uveitis is the most fre-
quent  fi nding and is usually bilateral and chronic 
in nature  [  31,   32  ] . Retinal involvement can also 
include retinitis, exudates, retinal capillary occlu-
sion (Fig.  16.5 ), and choroidal folds  [  33  ] .  

 Vitreous or aqueous humor samples may make 
the de fi nitive diagnosis in patients with few sys-
temic manifestations  [  34  ] .  

   Treatment 

 Death was certain from Whipple’s disease before 
the use of antibiotics. Tetracycline was the main-
stay of therapy initially, but a high recurrence rate 
has been documented (28%), especially since it 
does not penetrate the blood-brain barrier. 

 Historically, the most frequently used treat-
ment was oral administration of 160 mg of 
trimethoprim and 800 mg of sulfamethoxazole 

  Fig. 16.3    Patient with Whipple’s disease. Photograph 
shows multiple faint, white choroidal lesions (Courtesy of 
Lawrence A. Yanuzzi, M.D.)       

  Fig. 16.4    Patient with Whipple’s disease. Photograph 
shows multiple faint, white choroidal lesions (Reprinted 
with permission from Chan RY, Yannuzzi LA, Foster CS. 
Ocular Whipple’s disease: earlier de fi nitive diagnosis. 
Ophthalmology. 2001;108:2225–2231)       

  Fig. 16.5    Patient with Whipple’s disease. Cotton-wool 
spot in superior macula (Reprinted with permission from 
Chan RY, Yannuzzi LA, Foster CS. Ocular Whipple’s dis-
ease: earlier de fi nitive diagnosis. Ophthalmology. 
2001;108:2225–2231)       

 

 

 



31716 Retinal and Choroidal Manifestations of Gastrointestinal Diseases

twice per day for 1–2 years, usually preceded by 
parenteral administration of ceftriaxone (2 g daily) 
for 2 weeks. However, this regime is not always 
effective and recurrence has been documented. 
Additionally, trimethoprim has been proven inef-
fective against  T. whipplei  in in vitro studies. 

 Therefore, new evidence recommends the use 
of a different scheme: doxycycline (200 mg per 
day) and an alkalinizing agent, hydroxychloro-
quine (200 mg three times per day), which has 
been the only combination to prove bactericidal 
against  T. whipplei . 

 In patients with neurologic involvement, the 
use of sulfamethoxazole or sulfasalazine has been 
recommended. Treatment duration is not stan-
dard, but at least 12–18 months of treatment is 
recommended. Follow-up should be performed 
with PCR as it quickly becomes negative if the 
regime is effective.   

   Avitaminosis A 

 Vitamin A is a fat-soluble vitamin that exists in 
three forms: retinoic acid, retinol, and retinalde-
hyde. It is not synthesized in the body, which is 
why it has to be obtained from different types of 
foods. It is essential for the formation of rhodop-
sin, the visual pigment of photoreceptors. Several 
conditions cause vitamin A de fi ciency: malabsorp-
tion, malnutrition, and conditions that impair vita-
min A metabolism, such as alcoholism and liver 
diseases. Bariatric surgery is quickly becoming an 
important cause of vitamin A de fi ciency because 
of the alteration in nutrient absorption. Vitamin A 
de fi ciency has a prevalence of 52% in 1 year and 
69% 4 years after bariatric surgery  [  35  ] . 

 In the presence of early vitamin A de fi ciency, 
its demand can be met by the liver and blood, 
which contain signi fi cant amounts of the vitamin. 
With prolonged de fi ciency, the outer segments of 
photoreceptors start to shrink and are lost. At this 
point, there is a loss of visual sensitivity, and 
patients complain of night blindness (nyctalopia) 
as the  fi rst symptom  [  36  ] . Up to 2.8% of all 
patients who undergo bariatric surgery complain 
of nyctalopia. Other ocular symptoms include 
bilateral conjunctival and corneal xerosis, with 

scarring and the presence of Bitot’s spots, which 
are the buildup of keratin debris located 
super fi cially in the conjunctiva and are oval, tri-
angular, or irregular in shape  [  37  ] . 

 The fundus examination of these patients will 
reveal multiple white or gray-white spots scattered 
in the peripheral retina that will resolve with sup-
plementation. The diagnosis is made based on an 
electroretinogram (ERG) and dark adaptometry. 
Dark adaptometry will demonstrate elevated rod 
and cone thresholds, especially for rods. The ERG 
will reveal a reduced or undetectable rod ERG and 
a cone ERG with reduced amplitude and prolonged 
latency periods. S-cone function is also undetect-
able and is the last to recover  [  38  ] . 

 Symptom improvement and changes in the 
ERG are generally seen within 1–3 days after 
supplementation. Peripheral rods and cones 
recover  fi rst, followed by macular photoreceptors, 
and S-cone function is the last to recover. Macular 
function may not recover until the 12th day and 
may remain abnormal for more than 6 months. 

 The reason why rods are more affected is not 
well known, but some authors suggest that 
because cones synthesize their pigment at a faster 
rate, they do so at the expense of the rods. Another 
theory states that there might be an alternative 
pathway for opsin photopigment regeneration 
involving Müller cells that could make cones less 
susceptible to vitamin A de fi ciency  [  38  ] .  

   Other De fi ciencies: Zinc and Copper 

 A case report described bilateral whitening of 
retinal layers simulating a cherry-red spot that 
returned to normal after supplementation of zinc 
and copper. Nyctalopia has also been reported in 
patients with chronic pancreatitis, alcoholic cir-
rhosis  [  39  ] , and hemodialysis, which improved 
upon supplementation with zinc. This manifesta-
tion may be due to an alteration in the zinc-
dependent enzyme alcohol dehydrogenase which 
catalyzes an important step in the rhodopsin path-
way  [  40  ] . Patients with zinc de fi ciency also 
exhibit a depressed ERG, especially in scotopic 
conditions, suggesting rods may be more suscep-
tible to zinc de fi ciency than cones.  
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   Pancreatitis 

 In 1912, Othmar Purtscher described an entity 
consisting of multiple white retinal patches and 
peripapillary retinal hemorrhages in  fi ve patients 
with visual loss after head trauma. A similar pic-
ture has been observed as a rare complication of 
acute pancreatitis and has thus been referred to as 
“Purtscher-like retinopathy.” The incidence of 
the disease is unknown, but fewer than 60 cases 
have been published. It has been reported second-
ary to both acute alcoholic and nonalcoholic pan-
creatitis  [  41  ] , systemic lupus erythematosus, 
thrombocytopenic purpura, renal failure, amni-
otic  fl uid or fat embolism. It usually presents as a 
sudden unilateral or bilateral decrease in vision, 
and a relative afferent pupil defect is often found. 
The episode is usually associated with symptoms 
such as epigastric pain, vomiting, fever, and ele-
vated amylase and lipase levels. The retinopathy 
may precede the diagnosis of pancreatitis by as 
much as 6 months  [  42  ] . 

 Fundus examination reveals numerous white 
retinal patches, super fi cial retinal hemorrhages, 
and cotton-wool spots around an apparently nor-
mal optic disk. Other  fi ndings include dilated and 
tortuous vessels, disk edema, and serous retinal 
detachment  [  7  ] . It usually spares the periphery. 
Fluorescein angiography can reveal focal areas of 
arteriolar obstruction, patchy capillary nonperfu-
sion, disk edema, and dye leakage from retinal 
arterioles, capillaries, and venules  [  43  ] . 

 The pathogenesis of this condition is unknown. 
Current evidence suggests that thrombi consist-
ing of leukocytes form when proteolytic enzymes 
are released into the circulation as a result of pan-
creatic injury. This causes activation of the com-
plement cascade and the formation of leukocyte, 
platelet, and  fi brin aggregates. An experimental 
clinicopathologic study revealed occluded retinal 
arterioles and choroidal vessels with damage to 
the photoreceptors  [  44  ] . 

 The severity of the retinopathy appears not to 
be related to the severity of the pancreatitis. 
Management consists in treatment of the under-
lying pathology. Clinically, the retinal lesions 
resolve over a period of weeks to a few months. 

After resolution, the fundus may appear normal, 
but pigment migration and optic atrophy can 
occur. Although visual acuity may remain 
reduced, it will likely return to normal or near 
normal. Systemic steroids have been proposed 
for the treatment of traumatic Purtscher’s retin-
opathy, with positive results in one case report. 
The proposed mechanism of action is to block 
C5a-induced granulocyte aggregation and pre-
vent the formation of thrombi, but the evidence is 
lacking to recommend this type of therapy.  

   Familial Adenomatous Polyposis 

 Familial adenomatous polyposis (FAP) is an 
autosomal dominant disease in which adenoma-
tous polyps form in the colon and rectum. To 
make the diagnosis, more than 100 polyps have 
to be found. These usually appear in adolescence 
and almost invariably become malignant by age 
50. It affects one in 7,500–10,000 people and 
accounts for approximately 1% of all colorectal 
cancers. The disease is due to an alteration in the 
adenomatous polyposis coli (APC) gene, a tumor 
suppressor gene on the long arm of chromosome 
5 (5 q21-q22)  [  45  ] . 

 FAP can manifest with extracolonic involve-
ment (Gardner’s syndrome). The most frequent is 
congenital hypertrophy of the retinal pigment epi-
thelium (CHRPE). Other manifestations include 
gastroduodenal polyps, osteomas, dental abnor-
malities, and intra-abdominal desmoid tumors. 

 Congenital hypertrophy of the RPE was  fi rst 
described by Blair and Trempe in 1980  [  46  ] . The 
lesions are congenital and are variable in number: 
from 1 to 40 in both eyes, with an average of 6 in 
each eye. This type of congenital hypertrophy of 
the retinal pigment epithelium is better known as 
“bear tracks.” They are bilateral in 86% of cases 
 [  47  ] . Most lesions are round, small, and pigmented 
(Fig.  16.6 ), although they can present with a depig-
mented halo and have a variable size and variable 
degree of pigmentation. They can be present in 
normal individuals but are always less than 3 in 
number. They do not affect visual acuity but do 
create a scotoma in the area of the lesion as a result 
of photoreceptor atrophy. Histopathologic studies 
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have shown these lesions to correspond to benign 
hamartomatous malformations of the RPE.  

 CHRPE in familial adenomatous polyposis has 
been extensively studied because of the high degree 
of genotype-phenotype correlation that it exhibits. 
More than two-third of patients with FAP exhibit 
CHRPE, and the characteristics of the lesions are 
very similar within a family. Because they are con-
genital, they provide a useful tool for diagnosis and 
genetic counseling. For example, in fundus-posi-
tive families, the  fi nding of retinal lesions will have 
a positive predictive value of 100%, whereas no 
retinal lesions will mean that the gene has not been 
inherited. Additionally, depending on the charac-
teristics of the lesions, each type is being traced to 
a different location on the APC gene and correlated 
with a speci fi c severity/prognosis for the disease 
 [  48  ] . This means that in the future, a prediction of 
the presence and characteristics of the disease may 
be made based mainly on the characteristics of the 
fundus lesions.  

   Controversies and Perspectives 

 Gastrointestinal diseases with choroidal and reti-
nal manifestations form a very diverse group of 
diseases, from autoimmune, to infectious, to 
related to malabsorption. Because they are rela-
tively rare, their pathogenesis and treatment are 
not fully understood. 

 In fl ammatory bowel disease still remains a 
mystery regarding its pathogenesis. Various theo-
ries have been proposed, including abnormal anti-
gen-presenting cells, speci fi c microorganisms, and 
genetic mutations. Various factors have also been 
implicated and include smoking or not smoking, 
HLA-B27 positivity, and stress. Until this is fully 
known, treatment will not be completely effective 
as it is not necessarily targeting the mechanism of 
disease. Actual treatments include sulfasalazine, 
systemic steroids, steroid-sparing immunomodu-
lators, anti-TNF monoclonal antibodies, nutritional 

  Fig. 16.6    Multiple lesions of congenital hypertrophy of the RPE associated with familial adenomatous polyposis and 
Gardner’s syndrome in a 19-year-old male (Courtesy of Ricardo Infante, M.D.)       
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modi fi cations, and even some antibiotics and anti-
helminths. Despite the many treatments available, 
IBD patients often require extensive surgeries 
and many still die from the disease. Future research 
is directed towards a larger understanding of 
the pathogenesis and  fi nding a more effective 
treatment. 

 Our knowledge of Whipple’s disease has 
increased greatly in the last decade, but despite 
treatment, recurrences are still frequent. Future 
directions are directed towards a more effective 
antibacterial treatment and more reliable tests for 
follow-up, such as PCR. Additionally, prospective 
lines of research include determining and under-
standing why some subjects are susceptible to the 
bacillus, and some never develop the disease. 

 Vitamin and mineral de fi ciencies are still quite 
prevalent in some developing countries, but bar-
iatric surgery has created a whole new group of 
subjects with malabsorption syndromes, espe-
cially in developed countries. Future directions 
with this condition include better management of 
postoperative nutrition in these patients, and pos-
sibly the implementation of ophthalmic evalua-
tion in these patients, as their risk of avitaminosis 
(speci fi cally for vitamin A) is over 50%. 
Functional studies in these patients have also pro-
vided more information into the physiology of 
photoreceptors and their metabolic pathways. 

 Regarding familial adenomatous polyposis, the 
 fi nding of congenital hypertrophy of the RPE is 
becoming very important for genetic counseling. 
Future research is directed towards linking speci fi c 
lesion characteristics with speci fi c mutations. In 
the future, a fundus exam could provide informa-
tion not only regarding the diagnosis but also 
regarding the course and prognosis of the disease. 

 Research regarding immunologic susceptibili-
ties will also be very useful in the diagnosis and 
treatment of these diseases. As stated in this 
chapter, patients with speci fi c markers in human 
leukocyte antigens (HLA) such as HLA-B27 may 
have a worse prognosis or be more at risk for a 
speci fi c manifestation. Therefore, more knowl-
edge regarding the role of HLA in these diseases 
may help the physician give a more accurate 
diagnosis and prognosis, and in the future, a more 

speci fi c treatment may be indicated in subjects 
with these  fi ndings.  

   Focal Points 

 Choroidal and retinal manifestations of gastroin-
testinal diseases may precede other systemic 
symptoms and are usually very nonspeci fi c. Most 
present as anterior or posterior uveitis. It is very 
important to determine the etiology as their treat-
ments are very different (antibiotics, vitamin 
supplementation, steroids). Additionally, some of 
these diseases can be fatal (in fl ammatory bowel 
disease, pancreatitis, Whipple’s disease) and a 
more prompt diagnosis and treatment can lead to 
a better prognosis. 

 The most common ocular manifestation of 
in fl ammatory bowel disease is anterior nongran-
ulomatous uveitis. In the posterior segment, it 
can present as vitritis, retinitis, papillitis, and 
posterior uveitis. Retinal vascular occlusion and 
vasculitis may also be present, among many other 
nonspeci fi c  fi ndings. They may be present in as 
much as 10% of patients. 

 Whipple’s disease is caused by the bacillus 
 Tropheryma whipplei  and consists of gastrointes-
tinal symptoms associated with seronegative pol-
yarthralgias. Approximately 10% of patients with 
Whipple’s disease have ocular manifestations. 
These include keratitis, uveitis, vitritis, choroidi-
tis, and retinitis. 

 Patients with avitaminosis A may present with 
corneal and conjunctival xerosis and nyctalopia. 
Multiple white spots may be seen in the fundus, 
and the ERG will show a decrease in rod and 
cone function. The condition is reversible with 
vitamin supplementation. 

 Pancreatitis may be accompanied by a Purtscher-
like retinopathy, showing large areas of hemor-
rhages and ischemia, probably caused by vascular 
thrombosis by  fi brin and leukocyte aggregates. The 
retinopathy may precede the gastrointestinal mani-
festations and could be important in providing either 
preventive or very early treatment. 

 Familial adenomatous polyposis is often asso-
ciated with congenital hypertrophy of the RPE, 
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“bear tracks.” If the retinal lesions are present, 
the diagnosis is made even before the appearance 
of polyps in a patient with family history. The 
lesions have become very useful for genetic 
counseling.      
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   Introduction 

 The oculoneurocutaneous syndromes (ONCS) 
are a group of disorders characterized by systemic 
hamartomas of the eye, brain, skin, and some-
times the viscera  [  1–  38  ] . The term “phakomatoses,” 
previously used to designate these entities, is 

nonspeci fi c and is used less often in the literature. 
As a result, we have chosen to group these enti-
ties under the rubric oculoneurocutaneous syn-
dromes (ONCS), which more accurately re fl ects 
their true nature. However, we realize that better 
terminology may be adopted in the future when 
the genetics of these conditions are better 
understood. The syndromes described herein 
include tuberous sclerosis complex (TSC), 
neuro fi bromatosis (NF), von Hippel-Lindau 
(VHL) syndrome, Sturge-Weber (SW) syndrome, 
Wyburn-Mason (WM) syndrome, and oculoneu-
rocutaneous cavernous hemangiomatosis. This 
chapter discusses these syndromes with emphasis 
on their fundus manifestations, in keeping with 
the goals of this textbook. Although the genetics, 
central nervous system (CNS), dermatological, 
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and systemic features of these syndromes are 
mentioned brie fl y, they are discussed in more 
detail in recent textbooks  [  1–  3  ] .  

   Tuberous Sclerosis Complex 
(Bourneville’s Syndrome) 

   De fi nition 

 Tuberous sclerosis complex (TSC) is character-
ized by retinal astrocytic hamartomas, cutaneous 
abnormalities, CNS astrocytomas, and internal 
tumors such as cardiac rhabdomyoma, renal 
angiomyolipoma, and other tumors  [  1–  9  ] . It is 
best known to produce a triad of adenoma seba-
ceum (cutaneous angio fi bromas), seizures, and 
mental de fi ciency.  

   Demographics 

 The incidence of TSC is about 1 in 10,000  [  5  ] . 
Although TSC usually is diagnosed during the  fi rst 
few years of life, it has occasionally been recog-
nized in patients as young as 1 month of age or as 
old as 50 years. This syndrome has been identi fi ed 
in all races, and there is no predilection for gender.  

   Genetics 

 Most evidence suggests that TSC is transmitted 
by an autosomal dominant mode with incomplete 
penetrance. In many cases, the family history is 
unremarkable and examination of family mem-
bers is normal. Such patients are considered to be 
sporadic mutations. About half of the families 
show linkage to chromosome 9q34 and about 
half to chromosome 16p13  [  1  ] .  

   Fundus Manifestations 

 The retinal astrocytic hamartoma is the charac-
teristic fundus lesion of TSC (Figs.  17.1  and 
 17.2 )  [  1–  3  ] . However, an identical lesion occa-
sionally is found in patients who have no other 
clinical or genetic evidence of TSC. In either 

case, a small noncalci fi ed tumor can be extremely 
subtle and appear only as ill-de fi ned translu-
cent thickening of the retinal nerve  fi ber layer. 
A slightly larger tumor is more opaque and 
appears as a sessile white lesion at the level of the 
nerve  fi ber layer of the retina (see Fig.  17.1 ). The 
calci fi ed variant contains characteristic dense 
yellow, refractile, structures that resemble  fi sh eggs 
or tapioca (see Fig.  17.2 ). Although it is gener-
ally stable and does not usually cause serious 
complications, it can occasionally produce retinal 
traction or vitreous hemorrhage. Retinal astrocytic 
hamartoma generally is a small asymptomatic 
lesion that does not show enlargement. However, 

  Fig. 17.1    Tuberous sclerosis complex. Noncalci fi ed reti-
nal astrocytic hamartoma       

  Fig. 17.2    Tuberous sclerosis complex. Calci fi ed retinal 
astrocytic hamartoma       
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an aggressive variant has recently been identi fi ed 
in which the lesions show marked progression, 
with total exudative retinal detachment and 
neovascular glaucoma, sometimes necessitating 
enucleation of the eye  [  9  ] .   

 Occasionally, ancillary studies such as 
 fl uorescein angiography and ultrasonography 
assist in the diagnosis of retinal astrocytic hama-
rtoma. With  fl uorescein angiography, the tumor 
is relatively hypo fl uorescent in the arterial phase. 
A network of  fi ne blood vessels is apparent in the 
venous phase. Typically, these vessels leak in the 
recirculation phase and stain the mass in the late 
angiograms. Ultrasonography is most important 
for the larger retinal astrocytic hamartoma. With 
A- and B-scan ultrasonography, the mass appears 
as a sessile or dome-shaped retinal mass with 
acoustic solidity and orbital shadowing if there is 
calci fi cation in the lesion  [  1  ] .  

   Management 

 With exception of the rare aggressive variant men-
tioned previously, retinal astrocytic hamartomas 
are generally asymptomatic and nonprogressive 
and do not require treatment. Ocular examination 
should be performed yearly and the patient fol-
lowed for other manifestations of TSC. If there 
should be associated subretinal  fl uid that extends 
into the foveal area, then laser photocoagulation 
or photodynamic therapy can be employed in order 
to bring about resolution of the subretinal  fl uid  [  1–  3  ] . 
The astrocytic hamartoma of the retina has an 
extremely low tendency to undergo malignant 
change and has no recognized tendency to metasta-
size. The visual prognosis is also excellent, except 
in the rare instances in which exudation, subretinal 
 fl uid, or vitreous hemorrhage occur.   

   Neuro fi bromatosis (von 
Recklinghausen’s Syndrome) 

   De fi nition 

 Neuro fi bromatosis (NF) is an oculoneurocutaneous 
syndrome characterized by multisystem involve-

ment that can lead to a wide variety of clinical 
symptoms and signs  [  10–  17  ] . von Recklinghausen 
 [  11  ]  published a classic monograph on this dis-
ease in 1882, and the condition is now known as 
von Recklinghausen’s syndrome. More recently, 
NF has been subcategorized into type 1 (NF-1) 
and type 2 (NF-2)  [  12  ] . Since there is some 
overlap in the two types, they are discussed 
together in this chapter.  

   Demographics 

 The frequency of a new mutation for NF is 
estimated to be about 1 in 2,500–3,000 births. 
There appears to be no appreciable predilection 
for gender  [  13  ] .  

   Genetics 

 NF is transmitted by an autosomal dominant 
mode of inheritance with about 80% penetrance. 
NF-1 is also known as peripheral neuro fi bromatosis 
or von Recklinghausen’s syndrome. It is recog-
nized to occur from an abnormality of chromo-
some 17. NF-2 is called central or bilateral 
acoustic neuro fi bromatosis. It is characterized by 
CNS tumors and early onset of posterior subcap-
sular cataract and is recognized to be related to an 
abnormality in chromosome 22  [  12,   13  ] .  

   Ophthalmologic Features 

 NF has the most diverse systemic and ocular 
 fi ndings among the ONCS  [  1–  3,   12,   13  ] . Ocular 
changes include abnormalities in the uveal tract 
(80%), eyelid (25%), optic nerve (12%), retina 
(9%), and conjunctiva (4%)  [  11  ] . These are 
described in detail elsewhere  [  1  ] .  

   Fundus Manifestations 

 Uveal tract involvement is present in about 80% 
of patients with NF  [  13  ] . Multiple iris hamar-
tomas, known as Lisch nodules, are the most 
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common uveal abnormality in NF-1  [  13  ] . They 
 fi rst appear in childhood around age 5 years or 
later as discrete, multiple, lightly pigmented 
elevations of the anterior border layer. Relatively 
 fl at pigmented choroidal lesions, presumably 
melanocytic hamartomas identical to choroidal 
nevi, are often seen in NF-1 (Fig.  17.3 ). Other 
choroidal tumors that rarely associated with NF 
are choroidal melanoma (Fig.  17.4 ) and schwan-
noma. Most cases of choroidal schwannoma, 

however, are isolated and not associated with 
NF-1 or NF-2  [  1,   15  ] . The retinal  fi ndings of NF 
are less common and include retinal astrocytic 
hamartoma, retinal vasoproliferative tumor 
(Fig.  17.5 ), myelinated retinal nerve  fi bers, mul-
tifocal congenital hypertrophy of the retinal pig-
ment epithelium (“bear tracks”), and a lesion 
similar to combined hamartoma of the retina 
and retinal pigment epithelium  [  12  ] . The latter 
typically occurs in patients with neuro fi bromatosis 
type 2 but can be seen with NF-1. The astrocytic 
hamartoma is relatively rare in NF but is very 
common in TSC.     

   Management 

 The management of the fundus lesions of NF 
varies with the location and the extent of the 
disease. Treatment can be very complex. In gen-
eral, the fundus tumors including retinal astro-
cytic hamartoma, myelinated nerve  fi bers, and 
combined hamartoma of the retina and RPE 
require no treatment. Choroidal neurilemoma, 
choroidal melanoma, and vasoproliferative tumor 
are managed with any of several methods depending 
on many factors  [  1  ] .   

  Fig. 17.3    Neuro fi bromatosis type 1. Multiple choroidal 
nevi. There are several subtle lesions, with the two most 
prominent ones near the superotemporal vascular arcade 
and inferotemporal to the fovea       

  Fig. 17.4    Neuro fi bromatosis type 1. Choroidal mela-
noma located near equator superonasally       

  Fig. 17.5    Neuro fi bromatosis type 1. Retinal vasoprolif-
erative tumor. The tumor is located superotemporally, but 
there is massive exudation inferiorly       
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   Retinocerebellar 
Hemangioblastomatosis 
(von Hippel-Lindau Syndrome) 

   De fi nition 

 In 1895, von Hippel reported the clinical  fi ndings 
of so-called retinal angiomatosis  [  18  ] , and in 
1926, Lindau made a study of cerebellar lesions 
and pointed out their relationship to the retinal 
tumors previously described by von Hippel  [  19  ] . 
Consequently, the combination of retinal and 
cerebellar involvement has been called the von 
Hippel-Lindau (VHL) syndrome. Subsequently, 
VHL syndrome was recognized to have several 
other components in addition to the eye and 
CNS  fi ndings, including renal cell carcinoma, 
pheochromocytoma, endolymphatic sac tumors, 
and other less common cystic lesions  [  20–  24  ] .  

   Demographics 

 The incidence of VHL syndrome is about 1 in 
40,000 live births. 

 There is no clear-cut predilection for race or 
gender, although most of our patients have been 
Caucasians  [  3,   26,   27  ] .  

   Genetics 

 The VHL syndrome is recognized to be a hereditary 
disorder, with an autosomal dominant mode of 
inheritance and incomplete penetrance. Many 
cases that are seen by the ophthalmologist, how-
ever, occur as spontaneous mutations with no 
apparent family history of the disease. Probably 
about 20% of cases have a positive family history. 
The condition is related to a partial deletion of 
the short arm of chromosome 3  [  3,   24  ] .  

   Fundus Manifestations 

 The ocular manifestations of VHL syndrome are 
not so diversi fi ed as they are in the other systemic 

hamartomatoses. Hemangioblastomas (“retinal 
capillary hemangioma”) of the retina and/or optic 
disk are the only intraocular hamartomas that are 
known to occur. When associated with the VHL 
syndrome, the retinal and optic disk tumors are 
often multiple and bilateral  [  1,   3,   24  ] . The diag-
nosis of the ocular lesions is usually made in the 
second or third decade of life. 

 Retinal hemangioblastoma can occur in the 
peripheral retina or adjacent to the optic disk. 
Peripheral retinal    hemangioblastoma appears as a 
variably sized distinct red nodule with a typical 
dilated tortuous afferent artery and an efferent 
vein that comes from the optic disk to the tumor, 
often associated with yellow lipoproteinaceous 
exudation (Fig.  17.6 ). Juxtapapillary retinal 
hemangioblastoma appears as a reddish mass 
overlying or immediately adjacent to the optic 
disk (Fig.  17.7 ). Either type can be associated 
with extensive intraretinal or subretinal exudation 
and variable degrees of vitreoretinal traction.   

 Fluorescein angiography is the most helpful 
ancillary study in con fi rming the diagnosis of a 
hemangioblastoma  [  1  ] . In the early arterial phase, 
the dilated retinal feeder arteriole appears promi-
nent. Within 2–3 s, the retinal tumor is  fl uorescent 
as the  fi ne capillaries that comprise the tumor  fi ll 

  Fig. 17.6    von Hippel-Lindau syndrome. Typical retinal 
hemangioblastoma, showing  red  tumor with dilated affer-
ent and efferent retinal blood vessels and lipoproteina-
ceous exudation       
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with  fl uorescein. In the venous phase, the dilated 
draining vein  fi lls with dye and the tumor main-
tains its bright  fl uorescence. In the late phase, the 
tumor generally remains  fl uorescent and leaks dye 
into the vitreous. The intrinsic rapid  fl uorescence 
of the optic disk hemangioma assists in differenti-
ating this tumor from other optic disk lesions.  

   Management 

 The management of retinal hemangioblastoma is 
dif fi cult and controversial. No active treatment may 
be necessary for small asymptomatic retinal tumors 
because some of them remain stable for many years 
and some even regress spontaneously. The patient 
should be examined periodically and treatment 
instituted if the tumor grows or if there is accumu-
lation of exudation or subretinal  fl uid. In such 
instances, several methods of treatment have been 
advocated, including argon laser, cryotherapy, pho-
todynamic therapy, and intravitreal injection of 
angiostatic agents. No single treatment has emerged 
as the treatment of choice. If a hemangioblastoma 
has caused an extensive retinal detachment with 
subretinal exudation, a vitrectomy and/or a scleral 
buckling procedure may be necessary to reattach 
the retina. We have used plaque radiotherapy for 
selected tumors with extensive retinal detachment. 

 Analysis of the DNA of the patient and all 
family members can be performed in an attempt 

to identify markers indicating VHL disease. 
The gene for VHL syndrome has been mapped 
to the short arm of chromosome 3. All patients 
with VHL syndrome should be followed care-
fully with yearly testing for systemic tumors. 
Furthermore, relatives of patients with VHL 
disease may bene fi t from a screening protocol 
depending on the results of DNA testing. The 
retinal hemangioblastoma is often the initial 
sign of VHL disease, and the various other 
systemic tumors found in this disease are 
best treated at an early stage. Therefore it is 
important to routinely evaluate these patients 
systemically.   

   Encephalofacial Hemangiomatosis 
(SW Syndrome) 

   De fi nition 

 In 1879, Sturge described a syndrome composed 
of a facial hemangioma with ipsilateral buphthal-
mos and contralateral seizures  [  26  ] . Later, Weber 
studied the clinical manifestations in greater detail, 
and the fully expressed entity became known as 
the Sturge-Weber (SW) syndrome  [  27  ] . The SW 
syndrome is now recognized to consist of a facial 
hemangioma, buphthalmos, seizures, and radio-
graphic evidence of intracranial calci fi cation 
 [  28–  30  ] . Most patients, however, have a forme fruste 
rather than the entire syndrome.  

   Genetics 

 In contrast to most of the other ONCS, there is no 
recognizable hereditary pattern associated with 
SW syndrome.  

   Ophthalmologic Features 

 The ocular  fi ndings associated with SW syn-
drome include eyelid involvement with the nevus 
 fl ammeus, prominent epibulbar blood vessels, 
glaucoma, retinal vascular tortuosity, and diffuse 
choroidal hemangioma. 

  Fig. 17.7    von Hippel-Lindau syndrome: hemangioblastoma 
adjacent to optic disk, with mild surrounding exudation       
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 The facial hemangioma can frequently involve 
the eyelids. Although it is usually unilateral, bilat-
eral involvement occasionally occurs. Involve-
ment of the upper eyelid has a high association 
with ipsilateral glaucoma. Prominent tortuous 
   epibulbar blood vessels, in both the conjunctiva 
and episclera, are common  fi ndings. Glaucoma is 
more common in patients with SW syndrome 
than in the other ONCS. If the facial hemangioma 
involves both the  fi rst and second divisions of 
the trigeminal nerve, the incidence is 15%  [  28  ] . 
The glaucoma occurs unilaterally on the side of 
the facial hemangioma.  

   Fundus Manifestations 

 The only important abnormality of the uveal tract 
in patients with SW syndrome is the diffuse chor-
oidal hemangioma. Patients with this tumor usu-
ally have a bright red pupillary re fl ex in the 
involved eye compared to the normal contralat-
eral eye (“tomato catsup” fundus) (Fig.  17.8 ). 
The diffuse choroidal hemangioma is usually 
diagnosed when the affected patient is young 
(median age 8 years), either because the associ-
ated facial hemangioma prompts a fundus exami-
nation or because visual impairment occurs from 
hyperopic amblyopia or from a secondary retinal 

detachment. The diffuse choroidal hemangioma 
appears as a red-orange thickening of the 
choroid, often with overlying subretinal  fl uid. 
The tumor is usually a few millimeters thicker 
than normal choroid. The details of     fl uorescein 
angiography, indocyanine green angiography, 
and ultrasonography, which can be helpful in the 
diagnosis, are discussed elsewhere  [  1,   3  ] . Other 
fundus manifestations of SW syndrome include 
retinal vascular tortuosity (see Fig.  17.8 ) and 
cupping of the optic disk if glaucoma is present.   

   Management 

 The management of the diffuse choroidal heman-
gioma can be dif fi cult, and it varies with the extent 
of the tumor. It may range from observation only 
if it is asymptomatic to laser photocoagulation or 
retinal detachment surgery or irradiation, depending 
on the clinical circumstances  [  3  ] .   

   Racemose Hemangiomatosis 
(Wyburn-Mason Syndrome) 

   De fi nition 

 Racemose hemangioma of the midbrain and 
ipsilateral retina is called the Wyburn-Mason (WM) 
syndrome. Wyburn-Mason described this relation-
ship in 1943  [  31  ] . It consists of an abnormal con-
genital arteriovenous communication that can 
involve any combination of lesions in the retina, 
midbrain, and sometimes other areas including the 
orbit, mandible, maxilla, and pterygoid fossa  [  1,   3  ] .  

   Genetics 

 This congenital condition does not appear to be 
familial and does not exhibit a hereditary pattern.  

   Fundus Manifestations 

 The classic ocular  fi nding is the racemose (cir-
soid) hemangioma of the retina  [  31,   32  ] .     It is 

  Fig. 17.8    Sturge-Weber syndrome: diffuse choroidal 
hemangioma producing an exaggerated red re fl ex to the 
fundus (“tomato catsup fundus”)       
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actually a retinal arteriovenous communication 
ranging from a very subtle asymptomatic lesion 
to a more extensive one that consists of intertwin-
ing blood vessels, sometimes forming a tumor-
like vascular mass (Fig.  17.9 ). The lesion has 
been divided into three groups that are detailed in 
the literature  [  32  ] .  

 The diagnosis of the retinal racemose 
hemangioma is made ophthalmoscopically, but 
 fl uorescein angiography can be of assistance. 
The affected artery  fi lls rapidly with  fl uorescein, 
and the transit to the venous side is rapid due to 
the lack of intervening capillary network.  

   Management 

 In general, no ophthalmic treatment is necessary 
for patients with racemose hemangiomatosis. 
If the retinal lesion produces persistent vitreous 
hemorrhage that does not resolve, then the blood 
can be removed by vitrectomy.   

   Oculoneurocutaneous Cavernous 
Hemangiomatosis 

   De fi nition 

 There are several systemic syndromes that are 
characterized by multiple cavernous heman-
giomas or other vascular malformations. This 

chapter includes only those with a combination 
of cavernous hemangiomas that involve the ret-
ina, skin, and CNS, called oculoneurocutaneous 
cavernous hemangiomatosis (ONCCH)  [  1,   33–
  37  ] . The retinal and skin tumors are frequently 
asymptomatic, but the CNS hamartomas can 
sometimes produce clinical symptoms.  

   Genetics 

 This syndrome appears to have an autosomal 
dominant mode of inheritance  [  33–  37  ] . A 7q locus 
has also been implicated in a large family with 
retinal cavernous hemangioma, choroidal cavernous 
hemangioma, and widespread CNS and cutane-
ous lesions  [  35  ] . Although the genetics are poorly 
understood, a mutation in the KRIT1 gene has 
been recognized in a family with retinal and CNS 
cavernous hemangiomas  [  37  ] .  

   Fundus Manifestations 

 The only fundus manifestation of ONCCH is the 
retinal cavernous hemangioma. Ophthalmosco-
pically, the retinal lesion appears as a cluster of 
dark venous intraretinal aneurysms (Fig.  17.10 ). 

  Fig. 17.9    Wyburn-Mason syndrome: retinal racemose 
hemangioma       

  Fig. 17.10    Retinal cavernous hemangiomatosis. 
Cavernous hemangioma of the retina, showing character-
istic “cluster of grapes” appearance       
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There is no feeder artery and usually no yellow 
exudation, but white  fi broglial tissue, possibly 
due to prior hemorrhage, is characteristically 
present on the surface of the tumor. The main 
complication of retinal cavernous hemangioma is 
vitreous hemorrhage. Severe  fi brogliosis and drag-
ging of the retina can occur. During  fl uorescein 
angiography, the vascular channels comprising 
the lesion remain hypo fl uorescent until the late 
venous phase when  fl uorescein begins to slowly 
enter the vascular spaces and produces the 
characteristic  fl uorescein-blood interface.    

   Controversies and Perspectives 

 This chapter has described the fundus manifesta-
tions of a diverse group of syndromes called the 
oculoneurocutaneous syndromes. There is some 
controversy regarding the terminology of these 
entities, and newer terminology may develop as 
their genetics are better understood. The fundus 
 fi ndings are fairly consistent in these entities, and 
the ophthalmic clinician should be able to recog-
nize them and be aware of their ocular complica-
tions and system associations.      
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  Abstract 

 Systemic lupus erythematosus (SLE) is a chronic, immunological 
 disorder that may affect multiple organ systems. Keratoconjunctivitis 
sicca (KCS) is the most common ocular manifestation, but visual mor-
bidity is usually due to retinal and neuro-ophthalmic manifestations of 
the disease. Ocular manifestations of lupus are a re fl ection of systemic 
disease. The presence of ocular manifestations should alert the clinician 
to the likely presence of disease activity elsewhere. Therefore, all patients 
with ocular lupus should be carefully evaluated for systemic involve-
ment to detect potentially treatable and preventable complications of the 
disease. In addition, the ophthalmologist should include SLE in the dif-
ferential diagnosis of many retinal vascular and neuro-ophthalmic disor-
ders. The ophthalmologist may play an important role in the care of 
patients with SLE since ocular in fl ammatory lesions may precede poten-
tially serious extraocular disease.  
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   Initial Considerations 
and Epidemiology 

 Systemic lupus erythematosus (SLE) is a chronic, 
idiopathic, multisystem in fl ammatory disease 
characterized by hyperactivity of the immune sys-
tem and prominent autoantibody production. 
Acute exacerbations of disease activity are fol-
lowed by periods of remission, and its course and 
spectrum of clinical manifestations are variable. 
The disease can present in a variety of forms rang-
ing from mild cutaneous and joint involvement to 
lethal renal, cardiac, and cerebral involvement. 

 According to a population-based study in a 
geographically de fi ned population over a 42-year 
period, the incidence of SLE has nearly tripled 
over the past four decades.  [  1  ]  The average inci-
dence rate (age and sex adjusted to the 1970 US 
white population) was 5.56 per 100,000 (95% 
CI = 3.93–7.19) during the period from 1980 to 
1992, as compared with an incidence of 1.51 (95% 
CI = 0.85–2.17) during the period from 1950 to 
1979. In general, studies reporting higher inci-
dence rates utilize more comprehensive case 
retrieval methods. Later, two studies of self-
reported diagnoses of SLE indicated that the prev-
alence of SLE in the United States might be much 
higher than previously reported. One of these stud-
ies validated the self-reported diagnoses of SLE by 
reviewing available medical records revealing a 
prevalence of 124 cases per 100,000  [  2  ] . 

 The average age of onset is 30 years, with a 
range from infancy to old age. In general, seven 
women are stricken with the disease for every 
man, and women of childbearing age are 11 times 
as likely to be affected as men, compared with a 
2:1 female-to-male ratio in prepubertal girls and 
postmenopausal women. This raises the question 
of a potential role for hormones as either a caus-
ative or exacerbating factor in SLE. 

 The survival rates for individuals with this con-
dition has signi fi cantly improved due to earlier 
diagnosis, recognition of mild disease, increased 
utilization of antinuclear antibody testing, and bet-
ter approaches to therapy  [  3  ] . According to 
Krishnan and Hubert  [  4  ] , the overall, unadjusted, 
lupus mortality in the National Center for Health 

Statistics data was 4.6 per million, whereas the 
proportion of in-hospital mortality from the nation-
wide inpatient sample in the USA was 2.9%. 
African-Americans with lupus have two- to three-
fold higher lupus mortality risk than Caucasians. 
The magnitude of the risk disparity is dispropor-
tionately higher than the disparity in all-cause 
mortality, so a lupus-speci fi c biological factor, as 
opposed to socioeconomic and access-to-care fac-
tors, may be responsible for this phenomenon  [  4  ] .  

   Systemic Lupus Erythematosus: 
General Diagnosis 

 The diagnosis can be de fi nitively established if 4 
of the 11 American College of Rheumatology cri-
teria are met (Table  18.1  and “Controversies and 
Perspectives” section). Although ocular disease is 
associated with SLE (it may even be the  fi rst clini-
cal manifestation of SLE), ocular lesions are not 
included among the 11 diagnostic criteria. Foster 
believes that this is an oversight, and that inclu-
sion of ocular manifestations among the diagnos-
tic criteria for SLE would lead to earlier diagnosis 
and therapeutic intervention in those instances. 
Nowadays, ocular manifestations have been 
included as one of the clinical parameters used to 
assess disease activity in the British Isles Lupus 
Assessment Group 2004 index (BILAG-2004); 
furthermore, some studies suggest that ocular 
manifestations themselves are associated with 
disease activity in lupus and others have shown 
ocular problems to be associated with particular 
clinical manifestations of SLE such as neurologic 
involvement and the presence of anticardiolipin 
antibodies  [  5  ] .  

   Pathogenesis and Laboratory Findings 

 Systemic lupus erythematosus may derive from a 
dysfunction in immunoregulation in a genetically 
predisposed individual and may be triggered by 
environmental agents such as microbes or chemi-
cals. Over the past decade, several studies have 
helped uncover genetic associations and suscep-
tibility loci in human lupus. More recently, 
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genome-wide association studies (GWAS) in 
SLE supported by government agencies, founda-
tions, industry, and academic centers have uncov-
ered a large number of associated genes in human 
SLE including several regions of the major histo-
compatibility complex (MHC) with independent 
contributions to SLE risk  [  6  ] . Given this plethora 
of candidate genes, the next challenge for lupus 
biologists is to fathom how these different genes 
operate to engender lupus. 

 According to Crow  [  7  ] , lupus-associated genes 
contribute to one or more essential mechanisms 
that must be implemented to generate lupus sus-
ceptibility (Fig.  18.1 ). Some genetic variants 

(IRF5, PTPN22, STAT4, SPP1, FCGR2A, IRAK1, 
TNFAIP3) will facilitate innate immune system 
activation, particularly type I IFN (interferon) pro-
ductions; other genetic variants (C2, C4, C1q, 
TREX1) will result in increased availability of 
self-antigen; and other genetic variants (HLA-DR, 
PTPN22, BLK, BANK1, FCGR2A, PXK, LYN, 
OX40L, SPP1) will alter the threshold for activa-
tion or regulation of cells of the adaptive immune 
response, resulting in production of autoantibod-
ies. Additional genetic variants (ITGAM, KLK1, 
KLK3) might promote in fl ammation and damage 
to target organs or fail to protect those organs from 
proin fl ammatory mediators. The lupus-associated 

   Table 18.1    American Rheumatism Association (ARA) criteria for diagnosis of SLE (need four or more over any span 
of time for diagnosis)   

 Criteria for diagnosis of SLE 

 Criterion  De fi nition 

 1. Malar rash  Fixed erythema,  fl at or raised, over the malar eminences, tending to spare the 
nasolabial folds 

 2. Discoid rash  Erythematosus raised patches with adherent keratotic scaling and follicular 
plugging; atrophic scarring may occur in older lesions 

 3. Photosensitivity  Skin rash as a result of unusual reaction to sunlight, by patient history or 
physician observation 

 4. Oral ulcers  Oral or nasopharyngeal ulceration, usually painless, observed by a physician 
 5. Arthritis  Nonerosive arthritis involving two or more peripheral joints, characterized by 

tenderness, swelling, or effusion 
 6. Serositis  Pleuritis—convincing history of pleuritic pain or rub heard by a physician or 

evidence of pleural effusion  OR  
 Pericarditis—documented by EKG, rub or evidence of pericardial effusion 

 7. Renal disorder  Persistent proteinuria greater than 0.5 g per day or greater than 3+ if quantita-
tion not performed  OR  
 Cellular casts—may be red cell, hemoglobin, granular, tubular, or mixed 

 8. Neurologic disorder  Seizures  OR  psychosis—in the absence of offending drugs or known metabolic 
derangements (uremia, ketoacidosis, or electrolyte imbalance) 

 9. Hematologic disorder  Hemolytic anemia—with reticulocytosis  OR  
 Leukopenia—less than 4,000/mm 3  total on two or more occasions  OR  
 Lymphopenia—less than 1,500/mm 3  on two or more occasions  OR  
 Thrombocytopenia—less than 100,000/mm 3  in the absence of offending drugs 

 10. Immunologic disorders  Positive antiphospholipid antibody  OR  
 Anti-DNA—antibody to native DNA in abnormal titer  OR  
 Anti-Sm—presence of antibody to Sm nuclear antigen  OR  
 False-positive serologic test for syphilis known to be positive for at least six 
months and con fi rmed by  Treponema pallidum  immobilization or  fl uorescent 
treponemal antibody absorption test 

 11. Antinuclear antibody  An abnormal titer of antinuclear antibody by immuno fl uorescence or an 
equivalent assay at any point in time and in the absence of drugs known to be 
associated with “drug-induced lupus” syndrome 

   SLE  systemic lupus erythematosus,  EKG  electrocardiogram  
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genetic variants prepare the immune system and 
target organs to be responsive to exogenous and 
endogenous triggers.  

   Innate Immune System Activation 
 Activation of the IFN pathway has been associ-
ated with the presence of autoantibodies speci fi c 
for RNA-associated proteins, and the current lit-
erature supports RNA-mediated activation of TLR 
(Toll-like receptor) as an important mechanism 
contributing to production of IFN-alpha and other 
proin fl ammatory cytokines. Activation of the 
IFN pathway is associated with renal disease and 
many measures of disease activity  [  7  ] .  

   Increased Availability of Self-antigen 
and Apoptosis 
 Recent data has supported the hypothesis that 
components of the classical complement path-
way are required for phagocytic clearance of 
apoptotic cells, providing a possible explana-
tion for the high frequency of SLE among the 
rare individuals with genetic de fi ciencies of 
those components, particularly C1q. Mutations 
have been identi fi ed in a DNase encoded by 
TREX1 in a SLE patient. Rare mutations in that 
gene are associated with a lupus-like syndrome 

characterized by anti-DNA antibodies, high 
levels of IFN-alpha, and neurologic disease. 
It appears that altered structure or function of 
the TREX1-encoded DNase results in inef fi cient 
clearance of intracellular DNA rich in endoge-
nous genomic repeat element sequences and 
induction of type I IFN  [  7  ] .  

   Adaptive Immune Response 
 Activated T and B cells are features of SLE, and 
many of the genetic variants that are being studied 
in association with SLE are likely to contribute to 
immune activation and clinical disease by alter-
ing the threshold for lymphocyte activation or 
modifying the capacity of inhibitors of signaling 
pathways to appropriately function. The autoan-
tibodies produced as a result of these T and B 
cells interactions may directly contribute to 
in fl ammation and tissue damage in target organs 
but also amplify immune system activation and 
autoimmunity through their delivery of stimula-
tory nucleic acids to TLRs  [  7  ] . 

 Autoantibodies to a number of nuclear and 
cytoplasmic constituents may be present and may 
be the result of a generalized polyclonal B cell 
hyperactivity  [  8  ] . Antinuclear antibodies (ANAs) 
are elevated in about 95% of patients with SLE. 

  Fig. 18.1    Genetic determinants of lupus pathogenesis (Reproduced with permission from Crow MK. Developments in 
the clinical understanding of lupus. Arthritis Res Ther. 2009;11:245)       
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However, their absence does not rule out the diag-
nosis. In addition, ANA can be seen in other sys-
temic diseases. Antinuclear antibodies include 
anti-native double-stranded DNA (anti-ds DNA) 
that is very speci fi c for SLE, anti-single-stranded 
DNA (anti-ss DNA) that is commonly found but 
nonspeci fi c, and the anti-ribonucleoproteins 
(RNP), the anti-Ro/SSA, and the anti-La/SSB 
antibodies. Ro/SSA and La/SSB are antigens 
detectable in the nuclei and cytoplasm of cells. 
Antibodies against these RNP are highly associ-
ated with certain subsets of lupus including ANA-
negative lupus, subacute cutaneous lupus 
erythematosus (SCLE), neonatal lupus, and lupus 
associated with inherited disorders of complement 
 [  8,   9  ] . These heterogeneous autoantibodies are 
known to affect the clinical features of SLE. 
A concept that has been developed in recent years 
considers the kinetics of the disease, with lupus 
autoantibodies present in serum of lupus patients 
up to 5 years prior to the development of clinical 
manifestations of disease. It is notable that autoim-
munity, when considered in a population of lupus 
patients, develops in a stereotypical manner, with 
anti-Ro and anti-La antibodies, common to several 
systemic autoimmune diseases, developing early 
in the preclinical stage of disease, while anti-Sm 
and anti-RNP antibodies, those that are more 
speci fi c for SLE, developing very close to the time 
that disease becomes clinically apparent  [  7  ] . 

 Autoantibodies to cytoplasmic antigens 
include a group reactive against phospholipids. 
These antibodies, including the “lupus anticoag-
ulant” (LA) and anticardiolipin (ACA), are a het-
erogeneous group of immunoglobulins and 
appear to have major clinical signi fi cance. These 
autoantibodies are thrombogenic in the coagula-
tion cascade and can also react directly with 
phospholipid antigens present on the surfaces of 
platelets and endothelial cells. Lupus anticoagu-
lant and ACA have been associated with recur-
rent arterial and venous thromboses, recurrent 
abortions, thrombocytopenia, and most of the 
neurological complications of lupus  [  10,   11  ] . The 
antiphospholipid antibodies cross-react with the 
cardiolipin used in standard screening tests for 
syphilis leading to the “biologic false-positive” 
test for syphilis that has long been associated 
with lupus and related disorders.  

   Damage to Target Organs 
 Antibodies, immune complexes, cytokines, and 
product generated by Fc receptor ligation and 
complement activation likely represent important 
mediators of tissue damage in SLE including pla-
cental in fl ammation and fetal loss, atheroscle-
rosis, and central nervous system manifestations, 
particularly cognitive dysfunction. The strong 
association of a polymorphism in the ITGAM 
genes raises the possibility that leukocytes 
expressing the lupus-associated ITGAM variant 
might demonstrate a propensity to adhere more 
avidly to the local renal vasculature. In addition to 
augmented in fl ammatory mechanisms, target 
organ damage, particularly in the kidney, might be 
ampli fi ed by impaired protective mechanism  [  7  ] . 

 In addition, sex hormones are known to affect 
the disease. Estrogen enhances SLE and testoster-
one suppresses it. Drugs such as chlorpromazine, 
hydralazine, methyldopa, isoniazid, and procain-
amide can produce a systemic in fl ammatory dis-
order that usually ful fi lls all of the diagnostic 
criteria for SLE. The pathophysiological mecha-
nism by which this induction occurs remains 
unknown, and the associated systemic complica-
tions are typically mild.   

   General Clinical Findings 

 Constitutional symptoms include fever, malaise, 
arthralgias, myalgias, headache, loss of appetite 
and weight, and fatigue. Systemic lupus erythema-
tosus may be triggered by sunlight, infection, and 
other stresses. Recurrences are common and tend 
to occur during active phases of disease. The most 
common systemic manifestations of SLE involve 
the skin and musculoskeletal systems  [  12,   13  ] . 
Mucocutaneous complications include the classic 
butter fl y malar rash (Fig.  18.2 ), photosensitivity 
eruptions, mucosal ulcers, and discoid skin lesions. 
The term “discoid” refers to a speci fi c type of skin 
lesion, not to a subtype of lupus. Musculoskeletal 
changes may be due to the disease process itself or 
may be secondary to the drugs that are used to treat 
it. In fl ammatory arthralgias and arthritis are fre-
quent. Aseptic bone necrosis may result from 
either lupus or corticosteroids. Lupus myopathy 
may result from steroids or antimalarial drugs.  
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 Lupus serositis includes pleurisy, pericarditis, 
and peritonitis. Renal disease accounts for a 
signi fi cant portion of the mortality from lupus. 
Circulating immune complexes localize in the 
kidney, resulting in lupus nephritis, the nephrotic 
syndrome, and renal failure  [  13  ] . Central nervous 
system manifestations include organic brain syn-
drome, generalized seizures, and psychosis. Focal 
seizures, strokes, movement disorders, and cra-
nial and peripheral neuropathies are also seen. 
Headaches, including classic migraines with sco-
tomas, occur frequently. These neurological com-
plications result from small vessel occlusive 
disease as well as direct autoantibody damage to 
neuronal tissue  [  14  ] . Lupus vasculitis, Raynaud’s 
phenomenon, myocarditis, endocarditis (Libman-
Sacks), pneumonitis, and diffuse interstitial 
 fi brosis are other major complications of SLE.  

   Ocular Symptoms 

 In general terms, pain (often accompanied by vis-
ible in fl ammation or redness) usually indicates 
signi fi cant external/anterior segment disease, 
whereas problems with vision (blurring, distor-
tion, double vision) usually indicates posterior 
segment/neuro-ophthalmic disease. Visual impair-
ment is usually secondary to ischemic retinopathy, 
and higher incidences are reported in association 
with antiphospholipid syndrome (APS)  [  15,   16  ] . 
Mild retinopathy may be asymptomatic, but more 
severe disease may cause permanent or transitory 

loss of vision,  fi eld defects, distortion, or  fl oaters. 
 Sometimes a SLE patient could present with 

ocular symptoms without any identi fi able ocular 
manifestations, and the etiology of the problem 
could not be elucidated unless the doctor activates 
a systemic workup. In that sense, transient visual 
symptoms are usually not properly evaluated until 
they turn into a more serious condition. According 
to Giorgi et al.  [  16  ] , unilateral vision loss is the 
most common transient visual symptom (TVS) 
with a frequency of 53%, followed by blurring of 
vision in 20.6%, with the least common being 
bilateral visual loss at a frequency of 5.9%. The 
pathophysiology of TVS in that review has been 
attributed to ischemia secondary to thromboem-
bolism induced by cardiac valve abnormalities, 
hence the recommendation for anticoagulation 
along with immunosuppressive therapy. 

 Binocular acute onset reversible visual loss in 
association with APS is well known; however, 
more recently, a visual phenomenon has been 
described in association with a rare and recently 
described neurologic condition called posterior 
reversible encephalopathy syndrome (PRES). 
PRES is associated with renal insuf fi ciency, hyper-
tension, and rheumatologic diseases. Patients pres-
ent with headache, seizures (usually generalized), 
loss of vision (ranging from blurred vision and 
hemianopia to cortical blindness) and altered 
 mental function. The diagnosis is supported 
by predominantly transient hyperintensities on 
T2-weighted MRI images of the parieto-occipital 
white matter. Diffusion-weighted imaging (DWI) 
scans show increased diffusion in PRES, consis-
tent with vasogenic edema. The etiology of PRES 
is believed to be dysregulation of brain perfusion 
by sympathetic innervations in the setting of severe 
hypertension. The causes may be diverse, but the 
most common precipitants are acute elevations in 
blood pressure, renal decompensation, and treat-
ment with immunomodulatory drugs. It is usually 
treated with immunosuppression (methylpredni-
solone and cyclophosphamide), rapid control of 
seizures, and management of hypertension  [  15  ] . 

 In SLE, acute or chronic permanent or revers-
ible loss of vision can also be secondary to cor-
neal, scleral, uveal, retinal, choroidal, and 
neuro-ophthalmological involvement.  

  Fig. 18.2    Classic butter fl y malar rash (Courtesy of Rafael 
Muci-Mendoza, M.D.)       
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   Posterior Ocular Manifestations 

 Systemic lupus erythematosus can affect many 
ocular and adnexal structures. Ocular manifesta-
tions tend to occur in patients who have active 

systemic disease (Table  18.2 )  [  17,   18  ] . Retinal 
involvement is the second most common (after 
keratoconjunctivitis sicca) ophthalmological 
manifestation in SLE,  [  19  ]  the incidence varies 
between 3.3% and 28.1%, and the appearance 

   Table 18.2    Systemic lupus erythematosus posterior ocular manifestations   

 Involvement  Posterior manifestation  FA and ICG  Systemic associations 
 Mild retinopathy  Cotton-wool spots   FA:  capillary non-perfusion  Hypertension 

 Retinal hemorrhages  Vascular incompetence 
 Retinal edema 
 Hard exudates  Fluorescein leakage  Steroid use 
 Microaneurysms 
 Arterial narrowing  Dyslipidemia 
 Venous engorgement  Anticardiolipin antibodies 

or lupus anticoagulant  Vascular tortuosity 
 Vaso-occlussive 
retinopathy 

 Arteriole occlusions   FA : arterial and capillary 
non-perfusion, leakage from 
neovascular fronds, and 
staining of the walls of 
involved vessels 

 Antiphospholipid antibodies 
(thrombogenic)  Central or branch retinal 

artery or vein occlusions 
 Neovascularization 
 Vitreous hemorrhage 
 Retinal traction 
 Retinal detachment  CNS manifestations 
 Pseudoretinitis pigmentosa 

 Choroidopathy  Retinal/RPE multifocal 
serous detachments 

  FA : focal or multiple sites 
of ischemia, choroid leakage 
into subretinal/RPE spaces 

 Hypertension resulting from 
lupus nephritis, corticosteroid 
therapy, and/or vasculitis 

 Exudative retinal 
detachments 

  ICG : early focal 
hypo fl uorescence, fuzziness, 
abnormal diffusion, focal 
pinpoint spots 

 CSCR 
 Choroidal effusions 
 Choroidal infarction 
 Choroidal neovascular 
membranes 
 Rare choroid infections 

 CNS anterior 
pathway 

 AION   FA : optic nerve 
hyper fl uorescence 

 Antiphospholipid syndrome 
(APS)  Optic neuritis 

 Devic’s syndrome 
 Chiasmal involvement 

 CNS posterior 
pathway 

 Pupillary abnormalities  Cardiac valvular disease, 
APS, vasculitis  Visual disturbance 

 Stroke 
 CNS oculomotor 
complications 

 Cranial nerve palsies  Antiphospholipid antibodies 
 INO 
 Miller Fisher syndrome, 
intracranial hypertension 
syndrome 

   FA   fl uorescein angiogram,  ICG  indocyanine green,  CNV  central nervous system,  RPR  retinal pigment epithelium,  AION  
anterior ischemic optic neuropathy,  CSCR  central serous chorioretinopathy,  INO  internuclear ophthalmoplegia  
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and disappearance of some of the retinal lesions 
parallel the course of systemic disease  [  17–  20  ] .  

   Mild Retinopathy 
 Most patients with mild retinopathy are at low 
risk of vision loss  [  19,   21  ] . Cotton-wool spots 
and retinal hemorrhages (Fig.  18.3 ) are the most 
frequently reported  fi ndings, but retinal edema, 
hard exudates, microaneurysms, arterial narrow-
ing, venous engorgement, and vascular tortuosity 
have also been noted  [  17,   18  ] . Although many of 
these changes are part of the clinical picture of 
hypertensive retinopathy and hypertension is 
often present secondary to lupus renal disease, 
lupus retinopathy can occur as an independent 
manifestation of the underlying disease process 
in the absence of hypertension  [  17,   18  ] . 
Fluorescein angiography demonstrates capillary 
non-perfusion, vascular incompetence and 
 fl uorescein leakage even in eyes that appear clini-
cally normal in patients with both active and 
mildly active disease  [  18  ] .  

 The retinal microangiopathy associated with 
SLE is thought to be due to widespread immune 
complex deposition with resultant vasculitis, 
endothelial damage, and vessel leakage or micro-
vascular thrombosis  [  21–  23  ] . Although anticardio-
lipin antibodies or lupus anticoagulant may play a 

critical role in some patients, their precise role in 
this process is uncertain  [  22,   24  ] . It is felt that 
accelerated atherosclerosis as a result of hyperten-
sion, steroid use, and dyslipidemia in SLE may 
have a role in the development of this form of retin-
opathy  [  19,   25,   26  ] . Due to the fact that appearance 
and disappearance of retinal lesions parallel the 
course of systemic disease, the effective treatment 
of SLE and any associated systemic hypertension 
results in concurrent decrease in some of the retinal 
lesions, specially the disappearance of cotton-wool 
spots (see Fig.  18.3 )  [  17,   19  ] .  

   Vaso-occlusive Retinopathy 
 Severe vaso-occlusive retinopathy is a rare form 
of retinopathy in SLE often associated with poor 
visual prognosis and neovascularization. It is 
associated with antiphospholipid antibodies, 
which are thrombogenic and are associated with 
both central nervous system (CNS) and vaso-
occlusive phenomena  [  27  ] . According to 
Montehermoso et al.  [  28  ] , antiphospholipid anti-
bodies were found in 77% of patients with lupus-
related retinal or optic nerve disease, compared 
with only 29% of SLE patients without such 
 ocular involvement. There is a strong association 
between this severe form of retinopathy and  central 
nervous system manifestations of SLE  [  27,   28  ] . 

  Fig. 18.3    Cotton-wool spots and retinal hemorrhages 
are the most frequently reported ophthalmic  fi ndings in 
systemic lupus erythematosus ( left ). Disappearance of 
retinal lesions after systemic disease improvement ( right ) 

(Reprinted with permission from Arévalo JF, Lowder CY, 
Muci-Mendoza R. Ocular manifestations of systemic 
lupus erythematosus. Curr Opin Ophthalmol 2002, 
13:404–410.)       
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This form of retinopathy is typically character-
ized by occlusion of retinal arterioles and conse-
quent retinal infarction (Fig.  18.4 ). Proliferative 
retinopathy with severe vaso-occlusive disease 
can occur in up to 40% of patients; poor visual 
outcomes with visual loss have been reported in 
80% of these cases  [  26  ]  and are often related with 
vitreous hemorrhage, retinal traction, and retinal 
detachment. Fluorescein angiography demon-
strates arterial and capillary non-perfusion, leak-
age from neovascular fronds, and staining of the 
walls of involved vessels. Other retinal presenta-
tions include large vessel occlusions (central and 
branch retinal vein occlusions (Fig.  18.5 ) and cen-
tral and branch retinal arteriole occlusions) (see 
Fig.  18.4 ). Central retinal vein occlusion appears 
to be less common than arterial occlusive disease 
 [  17,   18  ] . Some patient’s retinopathy may resem-
ble that seen in patients with retinitis pigmentosa 
because previous vascular occlusive disease 
resulted in retinal mottling and large clumps of 
pigment. In the immunosuppressed state, rare 
retinal infections may occur: retinal necrosis due 
to herpes simplex, varicella zoster, and cytomega-
lovirus are all reported  [  27,   29  ] .   

 The histopathological  fi ndings include 
perivascular lymphocytic in fi ltrates, endothelial 
swelling, and thrombus formation, with occlu-
sion of retinal and choroidal vessels, including 
the choriocapillaries  [  29  ] . Complete agreement 

has not been reached concerning the medical 
treatment of ocular thrombotic disease in SLE. 
Anticoagulant therapy is generally recom-
mended (particularly when APAs are present), 
and the addition of an antiplatelet drug such as 
low dose of acetylsalicylic acid may be 
bene fi cial. The role of immunosuppressive 
agents in preventing the thrombotic complica-
tions remains unclear. These drugs should prob-
ably be given to patients with severe and 
progressive lesions that compromise the visual 
prognosis. Initial treatment is usually with oral 
corticosteroids (e.g., prednisolone 1 mg/kg/
day), but may be preceded by intravenous meth-
ylprednisolone (e.g., 500 mg/1 g daily for 
3 days). This is then supplemented with, or 
replaced by, other immunosuppressive agents as 
part of a steroid-sparing strategy or for resis-
tance disease  [  27  ] . Proliferative retinopathy 
usually requires treatment with laser (panretinal 
photocoagulation) similar to the treatment for 
proliferative diabetic retinopathy  [  25,   27  ] .  

   Lupus Choroidopathy 
 Although lupus choroidopathy is less common 
than retinopathy, its presence is well recognized 
and usually suggests active systemic vascular 
disease  [  27  ] . It typically manifests as multifo-
cal serous detachments of the retina and underly-
ing retinal pigment epithelium (RPE) (Fig.  18.6 ), 

  Fig. 18.4    Branch retinal arteriole occlusion and conse-
quent retinal infarction       

  Fig. 18.5    Upper branch retinal vein occlusion with 
super fi cial retinal hemorrhages in resolution. See the dif-
ference between the upper tortuous and dilated veins 
against the normal inferior retinal veins       
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sometimes progressing to large, exudative reti-
nal detachments  [  30,   31  ] . Typical central serous 
chorioretinopathy has been described (Fig.  18.7 ) 
 [  31  ] . Other complications include choroidal 
effusions (which have been reported to cause 
secondary angle closure)  [  32  ] , choroidal infarc-
tion or ischemia, choroidal neovascular mem-
branes  [  33  ] , and choroidal infections  [  34,   35  ] . 
Fluorescein angiography demonstrates focal or 
multiple sites of ischemia or leakage from the 
choroid into the sub-RPE and subretinal spaces 
(Fig.  18.8 )  [  23  ] . Indocyanine green angiogra-
phy (ICG) can provide information that is not 
detectable by clinical or  fl uorescein angio-
graphic examination in patients with systemic 

lupus choroidopathy. ICG may reveal early 
focal areas of transient choroidal indocyanine 
green hypo fl uorescence suggesting choroidal 
 fi lling delay, fuzziness of large choroidal ves-
sels probably caused by choroidal vessel wall 
damage, with abnormal diffusion and retention 
of the indocyanine green molecule in the chor-
oidal stroma and poorly de fi ned areas of indo-
cyanine green hypo fl uorescence suggesting 
vascular obstruction of the fenestrated cho-
riocapillaris or choroidal stromal atrophy 
 [  36  ] . According to Gharbiya,  [  36  ]  these three 
features are all nonspeci fi c and are seen in 
other in fl ammatory or nonin fl ammatory ocular 
and systemic diseases involving the choroid, 

  Fig. 18.6    Lupus 
choroidopathy character-
ized by multifocal retinal 
pigment epithelium 
detachments. Note the 
cotton wool spot 
(Reprinted with permis-
sion from Arévalo JF, 
Lowder CY, Muci-
Mendoza R. Ocular 
manifestations of systemic 
lupus erythematosus. Curr 
Opin Ophthalmol. 2002, 
13:404–410)       

  Fig. 18.7    Central serous chorioretinopathy. ( a ) Color pic-
ture showing an area of round subretinal  fl uid involving 
the fovea. ( b ) Fluorescein angiography showing a focal 

site or leakage from the choroid into the subretinal space 
with  fl uorescein pooling       
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including central serous chorioretinopathy. 
However, the presence of a focal cluster of pin-
point spots of ICG choroidal hyper fl uorescence, 
appearing from the intermediate to late phases, 
may represent immune deposits at the level of 
the choroidal stroma, Bruch’s membrane, or 
RPE’s basement membrane, containing immu-
noglobulins and leukocytes, which have been 
shown to bind the indocyanine green molecule.    

 The pathogenesis of lupus choroidopathy 
remains still unclear. Choroidal vascular damage 
and/or occlusion can produce multifocal serous 
retinal and RPE detachments; immune complex 
deposition in the choriocapillaris or autoantibody 
directed against the RPE has been hypothesized 
 [  30,   36  ] . An associated hypertension, resulting 
from lupus nephritis and corticosteroid therapy, 
can contribute to vessel wall damage due to 
increased hydrostatic pressure which forces  fl uid 
and blood cells out of the intravascular compartment 

into surrounding tissues  [  30  ] . Thus, choroidal 
vasculopathy associated with systemic lupus 
erythematosus may be secondary to vasculitis, 
systemic hypertension, and corticosteroid therapy 
or probably to a variable combination of these 
processes  [  36  ] . Histopathology of SLE chor-
oidopathy reveals massive mononuclear in fi ltration, 
diffuse thickening of medium-sized choroidal 
vessels, and extensive deposition of immune 
complexes in the basement membrane of choroi-
dal vessels and basement membranes of the RPE, 
which is facilitated from the high-volume choroi-
dal  fl ow  [  19,   23,   36,   37  ] . 

 Systemic lupus erythematosus choroidopathy 
can be resolved in up to 82% of patients once sys-
temic control of the disease is achieved  [  38  ] . 
Initial treatment is usually with immunosuppres-
sion. However, in some patients, corticosteroids 
may themselves induce central serous chorioretin-
opathy, in which case alternative agents should be 

  Fig. 18.8    ( a ) Central and ( b ) peripheral ocular fundus 
color pictures with a whitish superotemporal streak of 
choroidal infarction. ( c ) Early venous phase of the 

 fl uorescein angiogram showing multiple sites of choroidal 
ischemia. ( d ) Focal leakage from the choroid into the sub-
retinal space in the late frames of the angiogram       
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used  [  39  ] . Pulsed methylprednisolone and cyclo-
phosphamide have been reported to be effective in 
treating bilateral exudative retinal detachment 
secondary to ischemic choroidopathy  [  27,   40  ] .  

   Central Nervous System and Neuro-
ophthalmological Involvement 
 Involvement of the CNS occurs in approximately 
39–57% of patients with SLE  [  19,   41  ] . However, 
antiphospholipid syndrome increases the risk of 
nervous system involvement in up to 78% of 
patients  [  41  ] .  

   Anterior Visual Pathway 
 While not common, the prevalence of optic nerve 
disease in a referral rheumatology population can 
be estimated at approximately 1% of patients 
with SLE. In general, signs of optic nerve disease 
include reduced visual acuity, impairment of 
color vision (dyschromatopsia), diminished light 
brightness sensitivity, decreased contrast sensi-
tivity, afferent pupillary defect, and visual  fi eld 
defects  [  19  ] . The patient may present with acute 
painless visual loss, an altitudinal or arcuate  fi eld 
defect, and optic disk swelling, the typical pic-
ture of anterior ischemic optic neuropathy. The 
patient may also present with similar symptoms 
but with a normal-appearing optic disk, i.e., a ret-
robulbar ischemic optic neuropathy. In some 
cases, there may be associated orbital pain, and 
the visual  fi eld defect may be a central scotoma; 
thus, the patient may be believed to have an optic 
neuritis, a papillitis (Fig.  18.9 ), or a retrobulbar 
neuritis depending on whether or not the optic 
disk is swollen. Both optic neuropathy/neuritis 
and retinal occlusive disease can result in optic 
atrophy. The histopathologic appearance of SLE 
cranial neuropathies is thought to be caused by 
vaso-occlusive disease in small vessels, with only 
nerve demyelination in milder forms of ischemic 
disease and axonal damage and necrosis in more 
severe cases  [  42  ] . Visual prognosis following 
optic neuropathy is generally poor, although good 
outcomes have been reported.  

 Treatment options of SLE optic neuropathy 
include systemic corticosteroids and immuno-
suppressive agents such as cyclophosphamide 
and methotrexate  [  22,   43  ] . Some patients may 

need anticoagulation in addition to immunosup-
pression  [  27  ] . Devic’s syndrome (neuromyelitis 
optica or NMO) often presented with blindness 
and paraplegia is characterized by severe epi-
sodes of optic nerve and spinal cord in fl ammation. 
NMO-IgG (anti-aquaporin-4) has been recently 
described as a sensitive and speci fi c marker for 
NMO. Testing for the NMO-IgG in cases of iso-
lated or recurrent transverse myelitis attributed to 
current SLE and APLS may help clarify the diag-
nosis of a distinct disease process likely to cause 
recurrent and severe disability, warranting more 
aggressive immunotherapy  [  44  ] . In fl ammation 
and/or thrombosis of medium to small vessels in 
the central nervous system are thought to under-
lie the nerve damage in this syndrome. Chiasmal 
involvement (chiasmopathy or chiasmitis) in SLE 
may occur in patients with positive antinuclear 
antibody and elevated anti-double-stranded DNA 
titers or in absence of any other evidence of 
systemic activity  [  45,   46  ] .  

   Posterior Visual Pathway 
 Lesions of the posterior visual pathways include 
pupillary abnormalities such as light near disso-
ciation (reduced pupillary light re fl ex but preserved 

  Fig. 18.9    Swollen optic disk (papillitis) in a systemic 
lupus erythematosus patient. Note the associated cotton-
wool spots and retinal hemorrhages (Courtesy of Rafael 
Muci-Mendoza, M.D.)       
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near re fl ex), Horner’s syndrome, Adie’s pupil, 
visual disturbance ranging from transient amau-
rosis fugax to cortical blindness, visual hallucina-
tions unformed (e.g., bright lights, straight lines) 
or highly formed (e.g., faces), as well as visual 
 fi eld defects and scotomas  [  19,   47  ] . These fea-
tures indicate disease in the posterior cerebral 
artery circulation  [  19  ] . Strokes occur in up to half 
of the patients and most likely result from cardiac 
valvular disease, coagulopathy, or antiphospho-
lipid antibody syndrome. Immune complex–
mediated cerebral vasculitis is associated with 
SLE but is uncommon  [  47  ] .  

   Oculomotor System 
 Cranial nerve palsies may result in ophthalmople-
gias accompanied by diplopia, ptosis, and/or pupil-
lary abnormalities. The incidence of cranial 
neuropathy is reported to range from 5% to 42% 
and is often associated with multiple cranial nerve 

involvement  [  19  ] . Disorders of conjugate gaze 
such as internuclear ophthalmoplegia (INO), uni- 
or bilateral, and one and a half syndrome (INO 
with ipsilateral horizontal gaze palsy) are seen 
 [  48–  50  ] . INO in SLE is uncommon, affecting <5% 
of hospitalized SLE patients  [  48  ] . Other reported 
oculomotor complications include nystagmus  [  51  ]  
and Miller Fisher syndrome (ataxia, are fl exia, and 
ophthalmoplegia)  [  52  ] . A possible cause of oculo-
motor palsy in SLE patients is microthrombosis 
associated with presence of antiphospholipid anti-
bodies  [  53  ] . Intracranial hypertension syndrome 
(characterized by an elevated intracranial pressure, 
papilledema [Fig.  18.10 ], and headache with occa-
sional abducens nerve paresis, absence of a space-
occupying lesion or ventricular enlargement, and 
normal cerebrospinal  fl uid chemical and hemato-
logical constituents) has been reported  [  19,   54,   55  ] . 
Deschler et al.  [  54  ]  reported a SLE intracranial 
hypertension syndrome that did not improve 

  Fig. 18.10    ( a ) Right and ( b ) left color pictures of ocular 
fundus showing optic nerve engorgement due to papille-
dema in a systemic lupus erythematosus patient. ( c ) Right 

and ( d ) left optic nerves after intracranial hypertension 
syndrome resolution       
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despite medical therapy with le fl unomide, metho-
trexate, prednisone, rituximab, and intravenous 
and oral corticosteroids, but after monthly cyclo-
phosphamide, the visual  fi elds dramatically 
improved and the papilledema resolved.    

   Anterior Ocular Manifestations 

 The pathologic appearance of secondary Sjogren’s 
syndrome is a frequent  fi nding in SLE. It may pro-
duce clinical ocular manifestations such as kerato-
conjunctivitis sicca and is strongly associated with 
the presence of HLA-DRW52 antigen and anti-Ro 
(SSA) and anti-La (SSB) antibodies  [  9,   12  ] . 
Corneal manifestations of SLE are con fi ned pri-
marily to ocular surface epitheliopathy secondary 
to keratoconjunctivitis sicca. Stromal keratitis is 
rare. Super fi cial punctate keratitis and recurrent 
epithelial erosions have been reported in patients 
with discoid lupus erythematosus. 

 Orbital in fl ammation in SLE may result in 
episodes of acute proptosis, lid edema (Fig.  18.11 ), 
conjunctival chemosis and hyperemia, and 

limited ocular motility. Elevated intraocular 
pressure and myositis with enlargement of the 
extraocular muscles on CT scanning have also 
been reported. The eyelid may be involved in the 
cutaneous facial changes of lupus (Fig.  18.12 ). 
Discoid lesions of the eyelids can mimic chronic 
blepharitis.   

 Episcleritis or scleritis may also occur as a 
consequence of SLE, and scleritis is a reasonably 
accurate indicator of the presence of signi fi cant 
systemic activity in the SLE patient; scleritis will 
only resolve with adequate control of disease 
activity and usually does not respond to local 
therapy. Other, less common, ocular complica-
tions of lupus include conjunctivitis, keratitis, 
corneal staining, uveitis, and anterior segment 
neovascularization  [  17  ] .  

   Drug-Related Ocular Manifestations 

 In addition to lupus-induced eye problems, the 
drugs used to treat the systemic disease have 
potential ocular side effects. Corticosteroids may 

  Fig. 18.11    ( a ) Bilateral periorbital and eyelid edema 
as an initial manifestation of systemic lupus erythema-
tosus. ( b ) Complete resolution of bilateral periorbital 
and eyelid edema after high-dose systemic steroids 

(Reprinted with permission from Arévalo JF, Lowder 
CY, Muci-Mendoza R. Ocular manifestations of sys-
temic lupus erythematosus. Curr Opin Ophthalmol. 
2002, 13:404–410)       
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induce cataracts and glaucoma, and antimalarials 
can cause ocular toxicity including keratopathy, 
ciliary body involvement, lens opacities, and 
retinopathy. Chloroquine or hydroxychloroquine 
retinopathy is the major concern because others 
are more common but benign. The retinopathy of 
chloroquine or hydroxychloroquine may cause 
subtle, asymptomatic, reversible macular pig-
ment mottling in its early phases and profound 
irreversible visual loss with a bull’s-eye pattern 
of pigmentary maculopathy in its later phases 
(Fig.  18.13a–d ).  

 The incidence varies between studies and 
ranges from 0% to 4%, such variation being 
mainly due to the different de fi nitions of retin-
opathy and use of different drug doses  [  56  ] . Early 
retinopathy is de fi ned as an acquired paracentral 
scotoma on threshold visual  fi eld testing without 
any observable fundus changes. Advance chloro-
quine or hydroxychloroquine retinopathy is 
de fi ned as an acquired paracentral scotoma on 
threshold visual  fi eld testing with associated 
parafoveal retinal pigment epithelial retinopathy. 
Although pathogenesis of retinopathy due to 
hydroxychloroquine is not well established, the 
similarity of its chemical structure to chloroquine 
and the characteristics of the retinopathy suggest 
that the mechanism may be analogous  [  56,   57  ] . 
Chloroquine is highly concentrated in the pig-
mented ocular tissues such as retinal pigment 
epithelium (RPE), binds to melanin, and remains 

there for prolonged periods of time even after 
cessation of therapy  [  56,   58  ] . Histopathological 
studies of advance chloroquine retinopathy in 
humans revealed destruction of rods and cones 
with sparing of the foveal cones. This explains 
the fundoscopic appearance of the bull’s-eye 
maculopathy. It is suggested that the metabolism 
of the RPE is  fi rst affected, with disturbance of its 
function of phagocyting the physiologically shed 
outer segments of the photoreceptor cells  [  59, 
  60  ] . Animal studies have shown that the earliest 
reversible histopathological changes are mem-
branous cytoplasmic bodies that accumulate in 
ganglion cells and degenerative changes in pho-
toreceptor outer segments. Thus initially the drug 
may destroy ganglion cells and photoreceptors, 
with later involvement of the RPE  [  58  ] . 

 Although the risk of developing maculopathy 
has been thought to depend on the total cumula-
tive dose of the drugs, the size of the daily dose 
rather than the total dosage or duration of treat-
ment may be the most important factor. Dosages 
of 400 mg/day or 6.5 mg/kg body weight/day of 
hydroxychloroquine, whichever is less, may per-
mit very high intake without inducing clinical 
retinal toxicity. Chloroquine has a less clear safety 
pro fi le and should be avoided where possible. 
Authors have stated that no patient should receive 
more than 250 mg/day of chloroquine. The dose 
of oral chloroquine 250 mg may be too small to 
achieve a rheumatologic therapeutic effect, but 

  Fig. 18.12    The eyelid may be involved in the cutaneous facial changes of lupus. ( a ) Eyelid lesion simulating chronic 
blepharitis. ( b ) Tarsal aspect of the lesion       
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  Fig. 18.13    ( a ) Fluorescein angiogram (FA) shows a 
transmission defect corresponding to the area of central 
retinal pigment atrophy in a complete bull’s-eye lesion 
in a patient on chloroquine, who had lost central vision. 
( b ) Left eye’s FA of same patient. ( c ) Spectral-domain 

optical coherence tomography (SD-OCT) demonstrat-
ing an increase in choroidal re fl ectivity corresponding 
to the area of central retinal pigment atrophy in the 
same patient’s right eye. ( d ) Left eye’s OCT of same 
patient       
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the next incremental dosage available orally, 
500 mg/day, puts dosing into the toxic range for 
patients weighing less than 125 kg.  [  61  ]   

   General Management 

 The three major classes of drugs used in treating 
SLE are nonsteroidal anti-in fl ammatory agents, 
corticosteroids, and nonsteroidal immunosup-
pressive agents  [  62  ] . Nonsteroidal anti-
in fl ammatory agents (including aspirin) and 
antimalarials (usually hydroxychloroquine, 
Plaquenil 200–800 mg/day) are useful for 
nonspeci fi c manifestations of disease such as 
fever, arthralgias, arthritis, and serositis. Systemic 
corticosteroids are used orally (prednisone 
1–2 mg/kg/day) and intravenously (methylpred-
nisolone 1–2 g/day for 3–6 days) for major organ 
involvement and for hematological complications 
such as hemolytic anemia and thrombocytopenia. 
Immunosuppressive drugs, especially azathio-
prine, are used when life-threatening complica-
tions of lupus are unresponsive to corticosteroids. 
Cyclophosphamide, chlorambucil, nitrogen mus-
tard, methotrexate, and cyclosporine A have also 
been employed in the treatment of SLE. 

 The development of new drugs for systemic 
SLE such as mycophenolate mofetil, abatacept, 
rituximab, abetimus, and belimumab, among oth-
ers, has also been tested, and there seem to be 
new therapeutic approaches that appear rational 
and likely to target important mechanisms of 
autoimmunity and in fl ammation. Plasmapheresis 
can reduce levels of circulating immune com-
plexes and antibodies  [  62  ] . Hemodialysis and 
renal transplantation are used in lupus patients 
who have renal failure. Thrombotic events asso-
ciated with antiphospholipid antibodies (lupus 
anticoagulant and anticardiolipin antibodies) are 
often treated with oral anticoagulants, though no 
treatment exists that is consistently effective for 
this major lupus-associated complication. 
Anticoagulation may prevent recurrent thrombo-
sis, and there is a recognized tendency for rebound 
thrombosis if anticoagulation therapy is stopped. 
Cutaneous lesions may respond to topical or 
intralesional steroids, antimalarials, systemic ste-
roids, immunosuppressives, topical or systemic 

steroids, topical or systemic retinoids, or oral 
gold. Sunscreens are useful in preventing photo-
sensivity skin eruptions. 

 Appropriate therapy for speci fi c complica-
tions of SLE is also important and may include 
antihypertensive agents for lupus-induced hyper-
tension and antibiotics for infections in these 
immune-compromised patients. Varying combi-
nations of drugs and other modes of therapeutic 
intervention have dramatically improved the 
prognosis for SLE patients. 

 Since the ocular complications of SLE are 
generally associated with active disease else-
where in the body, control of the systemic disease 
may lead to resolution of ocular manifestations. 
Systemic steroids with or without immunosup-
pressive agents have been used in the treatment 
of lupus optic neuropathy, choroidopathy, orbital 
in fl ammation, and pseudotumor cerebri  [  30,   42  ] . 
Simultaneous control of any associated systemic 
hypertension is also important. Treatment of the 
sequelae of retinal vascular occlusive disease has 
generally been limited to local ocular measures. 
Retinal neovascularization responds to scatter 
laser photocoagulation in a manner similar to that 
observed in diabetic retinopathy, retinal vein 
occlusion, and other retinal neovascular disorders 
 [  63–  65  ] . Anterior segment ischemia has been 
observed as a complication following laser treat-
ment in a patient with SLE  [  65  ] . Vitrectomy and 
scleral buckling may be required for cases involv-
ing vitreous hemorrhage or retinal detachment.   

   Controversies and Perspectives 

 Systemic lupus erythematosus is a chronic, 
immunological disorder that may affect multiple 
organ systems. The etiology of this disease con-
tinues to be unclear. In recent years, new thera-
peutic modalities have led to some improvement 
in morbidity and mortality. 

 Ocular manifestations are not included among 
the 11 diagnostic criteria of lupus, and the inclu-
sion of ocular lesions among these criteria would 
lead to earlier diagnosis and therapeutic interven-
tion in those instances. Their presence should 
alert the clinician to the likely presence of 
extraocular disease activity  [  17,   30,   63–  65  ] . 
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Severe retinal arterial occlusive disease  [  63–  65  ]  
and lupus optic neuropathy  [  42,   66  ]  have been 
particularly associated with CNS lupus. Lupus 
choroidopathy  [  30  ]  (or other ocular complica-
tions) may coexist with widespread systemic vas-
cular disease. All patients with ocular lupus 
should be carefully evaluated by a rheumatolo-
gist for potentially treatable and preventable 
complications of the disease.  

   Focal Points 

 General diagnosis of SLE (see Table  18.1 ), using 
the analogy of the American Rheumatism 
Association (ARA) criteria for the diagnosis of 
rheumatoid arthritis, suggests that patients be 
classi fi ed as follows:
    1.    Classical SLE—many criteria  
    2.    De fi nite SLE—4 or more criteria  
    3.    Probable SLE—3 criteria  
    4.    Possible SLE—2 criteria (of the patients with 

probable or possible SLE, some experience 
resolution of symptoms, some evolve into 
another illness, and a few develop SLE)    

   When you get a positive ANA, order an • 
ANA pro fi le, which should include anti-
double-stranded DNA, anti-Smith, anti-
SSA and anti-SSB, and anti-RNP.  
  Anti-dsDNA and anti-Sm are virtually 100% • 
(96–100%) speci fi c for SLE (they are ONLY 
positive in patients with SLE). However, 
their sensitivity is not as good—52% for 
Crithidia anti-dsDNA and 73% for Farr anti-
dsDNA, and 18–31% for anti-Smith.  
  If ANA is negative and clinical signs strongly • 
suggest SLE, check for anti-SSA(Ro) anti-
bodies. If this is positive, the patient proba-
bly has “ANA-negative” SLE (rare). As 
many as 62% of patients with “ANA-
negative” SLE have anti-SSA antibodies.  
  Complement levels    can also be helpful • 
diagnostically—total serum hemolytic 
complement (CH50) and individual com-
plement components (C3 and C4) may be 
low in patients with active SLE due to the 
presence of immune complexes: low sensi-
tivity (40%) but high speci fi city (90%).         

  Acknowledgments    The authors have no proprietary or 
 fi nancial interest in any products or techniques described 
in this chapter. 

 Supported in part by the Arévalo-Coutinho Foundation 
for Research in Ophthalmology, Caracas, Venezuela.  

      References 

    1.    Uramoto KM, Michet Jr CJ, Thumboo J, et al. Trends in 
the incidence and mortality of systemic lupus erythema-
tosus, 1950–1992. Arthritis Rheum. 1999;42:46–50.  

    2.    Hochberg MC, Perlmutter DL, Medsger TA, et al. 
Prevalence of self-reported physician-diagnosed sys-
temic lupus erythematosus in the USA. Lupus. 
1995;4:454–6.  

    3.    Gabriel SE, Michaud K. Epidemiological studies in 
incidence, prevalence, mortality, and comorbidity of the 
rheumatic diseases. Arthritis Res Ther. 2009;11:229.  

    4.    Krishnan E, Hubert HB. Ethnicity and mortality from 
systemic lupus erythematosus in the US. Ann Rheum 
Dis. 2006;65:1500–5.  

    5.    Ushiyama O, Ushiyama K, Koarada S, et al. Retinal 
disease in patients with systemic lupus erythemato-
sus. Ann Rheum Dis. 2000;59:705–8.  

    6.       Barcellos LF, May SL, Ramsay PP, et al. High-density 
SNP screening of the major histocompatibility complex 
in systemic lupus erythematosus demonstrates strong 
evidence for independent susceptibility regions. PLoS 
Genet. 2009;5:e1000696. Epub 2009 Oct 23.  

    7.    Crow MK. Developments in the clinical understand-
ing of lupus. Arthritis Res Ther. 2009;11:245.   http://
arthritis-research.com/content/11/5/245    . Accessed 14 
Oct 2009.  

    8.    Harley JB, Gaither KK. Autoantibodies. Rheum Dis 
Clin North Am. 1988;14:43–56.  

    9.    Arnett FC, Familial SLE. The HLA system, and the 
genetics of lupus erythematosus. In: Wallace DJ, 
Dubois EL, editors. Dubois’ lupus erythematosus. 3rd 
ed. Philadelphia: Lea & Febiger; 1987. p. 161–84.  

    10.    Levine SR, Welch KMA. The spectrum of neurologic 
disease associated with antiphospholipid antibodies. 
Lupus anticoagulants and anticardiolipin antibodies. 
Arch Neurol. 1987;44:876–83.  

    11.    Hughes GRV, Harris NN, Gharavi AE. The anticardi-
olipin syndrome. J Rheumatol. 1986;13:486–9.  

    12.    Hochberg MC, Boyd RE, Ahearn JM, et al. Systemic 
lupus erythematosus: a review of clinicolaboratory 
features and immunogenetic markers in 150 patients 
with emphasis on demographic subsets. Medicine. 
1985;64:285–95.  

    13.    Dubois EL, Wallace DJ. Clinical and laboratory mani-
festations of systemic lupus erythematosus. In: Wallace 
DJ, Dubois EL, editors. Dubois’ lupus erythematosus. 
3rd ed. Philadelphia: Lea & Febiger; 1987. p. 317–449.  

    14.    Bluestein HG, Pischel KD, Woods Jr VL. 
Immunopathogenesis of the neuropsychiatric man-
ifestations of systemic lupus erythematosus. 
Springer Semin Immunopathol. 1986;9:237–49.  

http://arthritis-research.com/content/11/5/245
http://arthritis-research.com/content/11/5/245


35118 Retinal and Choroidal Manifestations of Systemic Lupus Erythematosus (SLE)

    15.    Lateef A, Lim AY. Case reports of transient loss of 
vision and systemic lupus erythematosus. Ann Acad 
Med Singapore. 2007;36:146–9.  

    16.    Giorgi D, David V, Afeltra A, et al. Transient visual 
symptoms in systemic lupus erythematosus and 
antiphospholipid syndrome. Ocul Immunol In fl amm. 
2001;9:49–57.  

    17.    Gold DH, Morris DA, Hendkind P. Ocular  fi ndings in 
systemic lupus erythematosus. Br J Ophthalmol. 
1972;56:800–4.  

    18.    Lanham JG, Barrie T, Kohner EM, et al. SLE retin-
opathy: evaluation by  fl uorescein angiography. Ann 
Rheum Dis. 1982;41:473–8.  

    19.    Peponis V, Kyttaris VC, Tyradellis C, et al. Ocular 
manifestations of systemic lupus erythematosus: a 
clinical review. Lupus. 2006;15:3–12.  

    20.    Klinkhoff AV, Beattie CW, Chalmers A. Retinopathy 
in systemic lupus erythematosus: relationship to dis-
ease activity. Arthritis Rheum. 1986;29:1152–6.  

    21.    Stafford-Brady FJ, Urowitz MB, Gladman DD, et al. 
Lupus retinopathy. Patterns, associations, and progno-
sis. Arthritis Rheum. 1988;31:1105–10.  

    22.    Davies JB, Rao PK. Ocular manifestations of sys-
temic lupus erythematosus. Curr Opin Ophthalmol. 
2008;19:512–8.  

    23.    Aronson AJ, Ordoñez NG, Diddie KR, et al. Immune-
complex deposition in the eye in systemic lupus ery-
thematosus. Arch Intern Med. 1979;139:1312–3.  

    24.    Nag TC, Wadhwa S. Vascular changes of the retina 
and choroid in systemic lupus erythematosus: pathol-
ogy and pathogenesis. Curr Neurovasc Res. 
2006;3:159–68.  

    25.    Giorgi D, Pace F, Giorgi A, et al. Retinopathy in sys-
temic lupus erythematosus: pathogenesis and approach 
to therapy. Hum Immunol. 1999;60:688–96.  

    26.    Au A, O’Day J. Review of severe vaso-occlusive 
retinopathy in systemic lupus erythematosus and the 
antiphospholipid syndrome: associations, visual out-
comes, complications and treatment. Clin Experiment 
Ophthalmol. 2004;32:87–100.  

    27.    Sivaraj RR, Durrani OM, Denniston AK, et al. Ocular 
manifestations of systemic lupus erythematosus. 
Rheumatology. 2007;46:1757–62.  

    28.    Montehermoso A, Cervera R, Font J, et al. Association 
of antiphospholipid antibodies with retinal vascular 
disease in systemic lupus erythematosus. Semin 
Arthritis Rheum. 1999;28:326–32.  

    29.    Karpik AG, Schwartz MM, Dickey LE, et al. Ocular 
immune reactants in patients dying with systemic 
lupus erythematosus. Clin Immunol Immunopathol. 
1985;35:295–312.  

    30.    Jabs DA, Hanneken AM, Schachat AP, et al. 
Choroidopathy in systemic lupus erythematosus. Arch 
Ophthalmol. 1988;106:230–4.  

    31.    Khng CG, Yap EY, Au-Eong KG, et al. Central serous 
retinopathy complicating systemic lupus erythemato-
sus: a case series. Clin Experiment Ophthalmol. 
2000;28:309–13.  

    32.    Wisotsky BJ, Magat-Gordon CB, Puklin JE. 
Angle-closure glaucoma as an initial presentation 

of systemic lupus erythematosus. Ophthalmology. 
1998;105:1170–2.  

    33.    Lavina AM, Agarwal A, Hunyor A, et al. Lupus chor-
oidopathy and choroidal effusions. Retina. 2002;22:
643–7.  

    34.    Yap EY, Fam HB, Leong KP, et al. Nocardia choroidal 
abscess in a patient with systemic lupus erythemato-
sus. Aust N Z J Ophthalmol. 1998;26:337–8.  

    35.    Wang JC, Chuah GC, Yap EY. Tuberculous choroidal 
granulomas in a patient with systemic lupus erythe-
matosus. A case report. Int Ophthalmol. 2001;24:
107–9.  

    36.    Gharbiya M, Bozzoni-Pantaleoni F, Augello F, et al. 
Indocyanine green angiographic  fi ndings in systemic 
lupus erythematosus choroidopathy. Am J Ophthalmol. 
2002;134:286–90.  

    37.    Matsuo T, Nakayama T, Koyama T, et al. Multifocal pig-
ment epithelial damages with serous retinal detachment 
in systemic lupus erythematosus. Ophthalmologica. 
1987;195:97–102.  

    38.    Nguyen QD, Uy HS, Akpek EK, et al. Choroidopathy of 
systemic lupus erythematosus. Lupus. 2000;9:288–98.  

    39.    Cunningham Jr ET, Alfred PR, Irvine AR. Central 
serous chorioretinopathy in patients with systemic lupus 
erythematosus. Ophthalmology. 1996;103:2081–90.  

    40.    Chan WM, Li EK, Chan AY, et al. Bilateral retinal detach-
ment in a young woman. Lancet. 2003;14(361):2044.  

    41.    Honczarenko K, Budzianowska A, Ostanek L. 
Neurological syndromes in systemic lupus erythema-
tosus and their association with antiphospholipid syn-
drome. Neurol Neurochir Pol. 2008;42:513–7.  

    42.    Jabs DA, Miller NR, Newman SA, et al. Optic neu-
ropathy in systemic lupus erythematosus. Arch 
Ophthalmol. 1986;104:564–8.  

    43.    Galindo-Rodríguez G, Aviña-Zubieta JA, Pizarro S, 
et al. Cyclophosphamide pulse therapy in optic neuri-
tis due to systemic lupus erythematosus: an open trial. 
Am J Med. 1999;106:65–9.  

    44.    Mehta LR, Samuelsson MK, Kleiner AK, et al. 
Neuromyelitis optica spectrum disorder in a patient 
with systemic lupus erythematosus and anti-phospho-
lipid antibody syndrome. Mult Scler. 2008;14:425–7.  

    45.    Siatkowski RM, Scott IU, Verm AM, et al. Optic neu-
ropathy and chiasmopathy in the diagnosis of sys-
temic lupus erythematosus. J Neuroophthalmol. 
2001;21:193–8.  

    46.    Frohman LP, Frieman BJ, Wolansky L. Reversible 
blindness resulting from optic chiasmitis secondary to 
systemic lupus erythematosus. J Neuroophthalmol. 
2001;21:18–21.  

    47.    Brandt KD, Lessell S, Cohen AS. Cerebral disorders 
of vision in systemic lupus erythematosus. Ann Intern 
Med. 1975;83:163–9.  

    48.    Abel MP, Murphy FT, Enzenauer RJ, et al. Internuclear 
ophthalmoplegia (INO): an unusual presentation of 
neuropsychiatric lupus erythematosus. Binocul Vis 
Strabismus Q. 2003;18:29–30.  

    49.    Galindo M, Pablos JL, Gómez-Reino JJ. Internuclear 
ophthalmoplegia in systemic lupus erythematosus. 
Semin Arthritis Rheum. 1998;28:179–86.  



352 J.F. Arévalo et al.

    50.    Kunavarapu C, Kesavan RB, Pevil-Ulysee M, et al. 
Systemic lupus erythematosus presenting as “one-
and-a-half syndrome”. J Rheumatol. 2001;28:874–5.  

    51.    Karatas E, Onat AM, Durucu C, et al. Audiovestibular 
disturbance in patients with systemic lupus erythema-
tosus. Otolaryngol Head Neck Surg. 2007;136:82–6.  

    52.    Bingisser R, Speich R, Fontana A, et al. Lupus erythe-
matosus and Miller-Fisher syndrome. Arch Neurol. 
1994;51:828–30.  

    53.    Genevay S, Hayem G, Hamza S, et al. Oculomotor 
palsy in six patients with systemic lupus erythemato-
sus. A possible role of antiphospholipid syndrome. 
Lupus. 2002;11:313–6.  

    54.    Deschler EK, Miller N, Subramanian PS. Papilledema 
and vision loss with elevated cerebrospinal  fl uid pro-
tein in a patient with systemic lupus erythematosus: 
diagnosis and management challenges. Br J Ophthalmol. 
2010;94:131–42.  

    55.    Padeh S, Passwell JH. Systemic lupus erythemato-
sus presenting as idiopathic intracranial hyperten-
sion. J Rheumatol. 1996;23:1266–8.  

    56.    Yam JC, Kwok AK. Ocular toxicity of hydroxychlo-
roquine. Hong Kong Med J. 2006;12:294–304.  

    57.    Weiner A, Sandberg MA, Gaudio AR, et al. 
Hydroxychloroquine retinopathy. Am J Ophthalmol. 
1991;112:528–34.  

    58.    Rosenthal AR, Kolb H, Bergsma D, et al. Chloroquine 
retinopathy in the rhesus monkey. Invest Ophthalmol 
Vis Sci. 1978;17:1158–75.  

    59.    Wetterholm DH, Winter FC. Histopathology of chlo-
roquine retinal toxicity. Arch Ophthalmol. 1964;71:
82–7.  

    60.    Bernstein HN, Ginsberg J. The pathology of chloro-
quine retinopathy. Arch Ophthalmol. 1964;71:238–45.  

    61.    Browning DJ. Hydroxychloroquine and chloroquine 
retinopathy: screening for drug toxicity. Am J 
Ophthalmol. 2002;133:649–56.  

    62.    Miescher PA. Treatment of systemic lupus erythemato-
sus. Springer Semin Immunopathol. 1986;9:271–82.  

    63.    Hall S, Buettner H, Luthra HS. Occlusive retinal 
vascular disease in systemic lupus erythematosus. 
J Rheumatol. 1984;11:846–50.  

    64.    Jabs DA, Fine SL, Hochberg MC, et al. Severe retinal 
vaso-occlusive disease in systemic lupus erythemato-
sus. Arch Ophthalmol. 1986;104:558–63.  

    65.    Jost BF, Olk RJ, Patz A, et al. Anterior segment isch-
emia following laser photocoagulation in a patient 
with systemic lupus erythematosus. Br J Ophthalmol. 
1988;72:11–6.  

    66.    Chan DQ. Neurologic, ophthalmic, and neuropsychi-
atric manifestations of pediatric systemic lupus ery-
thematosus. Optom Vis Sci. 2000;77:388–94.      



353J.F. Arévalo (ed.), Retinal and Choroidal Manifestations of Selected Systemic Diseases, 
DOI 10.1007/978-1-4614-3646-1_19, © Springer Science+Business Media New York 2013

  19      Vogt–Koyanagi–Harada Disease       

     Maria   de   Lourdes Arellanes-García , 
        Luz   Elena   Concha-del-Río ,         Maria   del   Carmen 
Preciado-Delgadillo ,      and    Claudia   Recillas-Gipsert         

    M.   de   Lourdes Arellanes-García ,  M.D.     (�) 
  L.  E.   Concha-del-Río ,  M.D.   
   M.   del   Carmen Preciado-Delgadillo ,  M.D., Ph.D.   
     In fl ammatory Eye Disease Clinic, 
Hospital “Dr. Luis Sánchez Bulnes”, Asociación para 
Evitar la Ceguera en México. I.A.P. Vicente García Torres 
46, San Lucas Coyoacán, 04030, México, D.F., México
                                   e-mail:  Lourdes.arellanes@apec.com.mx ; 
luzelena.conchadelrio@gmail.com; w987366@prodigy.
net.mx  

            C.   Recillas-Gipsert ,  M.D.       
Departamento de Oftalmología ,  Instituto Nacional de 
Ciencias Médicas y Nutrición Salvador Zubiran ,
  Vasco de Quiroga 15, Seccion XVAI, Tlalpan ,  Mexico , 
 Distrito Federal   14000 ,  Mexico  
 e-mail:      crecillas@yahoo.com    

  Abstract 

 Vogt–Koyanagi–Harada disease is a bilateral granulomatous panuveitis, 
generally symmetrical, associated to extraocular manifestations such as 
poliosis, vitiligo, alopecia, central nervous system, and auditory signs. It is 
considered an autoimmune disease, mediated by T cells, against melano-
cytes of uveal tract, skin, central nervous system, and inner ear. A genetic 
predisposition has been suggested. Patients have no history of ocular 
trauma and no clinical or laboratory evidence of other ocular or systemic 
disease. Therapy includes early, high doses of systemic steroids. 
Immunomodulatory therapy has also been used with good results.  

  Keywords 

 Immune disorders  •  Immunosuppressors  •  In fl ammation  •  Major histo-
compatibility complex  •  Sunset glow fundus  •  Vogt–Koyanagi–Harada 
disease      

   Introduction 

 Vogt–Koyanagi–Harada syndrome (VKH) is an 
in fl ammatory disease that affects different organs 
including eye, inner ear, skin, and meninges. 
Typical ocular manifestations are severe bilateral 
iridocyclitis, serous retinal detachment, diffuse 
choroidal edema, and optic disk hyperemia. 

 Central nervous system involvement mani-
fests as headache, meningismus, and occasion-
ally focal neurologic signs. Dermatologic 
alterations include alopecia, skin and scalp 
hypersensibility, poliosis, and vitiligo. Auditory 
manifestations are tinnitus, hearing loss, and 
vertigo. In most cases, diagnosis is made clini-
cally, although some ancillary testing may be 
useful to con fi rm it. 
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 Vogt–Koyanagi–Harada syndrome is more 
common in certain ethnic groups such as 
Japanese, Chinese, Indian-Americans, and 
Mexican-Mestizo, among others. Prognosis 
depends on age at onset, initial visual acuity 
(VA), ethnicity, duration of disease, initial treat-
ment, number of recurrences, and associated 
complications.  

   History 

 An Arab physician Ali-Ibn-Isa (940–1010 C.E.) 
was the  fi rst to describe a patient with poliosis 
and ocular in fl ammation. In the nineteenth cen-
tury, Jacobi et al. described patients with poliosis, 
neuralgia, and hearing disorders  [  1  ] . This clinical 
description was also reported by Schenkl in 1873, 
by Hutchison in 1882  [  2  ] , and by Vogt in 1906 
 [  3  ] . In 1926, Harada  [  4  ]  reported a patient with 
serous retinal detachment associated with cere-
brospinal  fl uid pleocytosis. In 1929, Koyanagi 
described six patients with bilateral chronic iri-
docyclitis associated with vitiligo, alopecia, poli-
osis, deafness, and tinnitus  [  5  ] . 

 Babel in 1939  [  6  ]  and, 10 years later, Bruno 
and McPherson  [  7  ]  proposed that these manifes-
tations corresponded to a spectrum of the same 
disease. Since then, this group of signs and symp-
toms receives the name of VKH syndrome  [  1  ] .  

   Epidemiology 

 VKH disease has been reported around the world; 
however, some ethnic and racial groups are more 
frequently affected. It is common in people with 
dark skin pigmentation such as Asians  [  8,   9  ] , 
Native Americans  [  10  ] , Hispanics  [  11  ] , Asian-
Indians  [  12  ] , and Middle East population. It is 
uncommon in Caucasians  [  12  ] . 

 Most of the studies report that women are 
more commonly affected than men. In North 
America, female patients represent 55–78% of 
the cases, and in Mexico 69.5%  [  13  ] . In Japan, it 
has been reported that only 38% of their VKH 
patients are women  [  10  ] . 

 Age of presentation has a wide range, from 3 
to 63 years. The highest frequency is reported 
between the third and fourth decades of life. 
Small children may be affected; however, VKH 
is a rare cause of pediatric uveitis  [  14–  17  ] . 

 Recently we reviewed the clinical  fi les of 156 
VKH patients, seen in a 15-year period at a refer-
ral In fl ammatory Eye Disease Clinic; only nine 
of them were 16 years old or younger at admit-
tance (unpublished data). 

 Prevalence of VKH syndrome depends on the 
studied population. In Japan it represents 10% of 
referral uveitis patients  [  18,   19  ] . It is also one of 
the most common uveitis in China  [  9,   19  ] , Brazil 
 [  20  ] , and Saudi Arabia. In the Middle East, 13.4% 
of uveitis diagnosis corresponds to VKH, 14.4% 
in Argentina, and 6.4% in a referral center of 
Mexico City  [  21  ] . In the United States, preva-
lence is lower, between 1% and 4% of all uveitis 
diagnosis  [  22  ] .  

   Immunopathogenesis 

 The exact immunopathogenic mechanisms of 
VKH syndrome are still unknown, but there are 
clinical and experimental evidences that indicate 
an autoimmune process involving melanocytes. 

 In VKH patients, it    has been demonstrated 
that melanin-laden cells of the epidermis are par-
tially lost, and the presence of in fi ltrates composed 
mainly by T cells suggests that a cell-mediated 
immune response plays a central role in the 
pathogenesis of dermal lesions  [  23  ] . Vitiligo 
lesions show an increase in helper/inducer CD4 +  
lymphocytes and an altered ratio of CD4 + /CD8 +  
(3:1) cells. 

 In 1991, Sakamoto demonstrated that eyes 
affected with VKH had an increased CD4 + /CD8 +  
ratio and that activated lymphocytes expressed 
costimulatory molecules such as CD2 and CD26 
in the choroidal in fl ammatory foci. In active 
VKH patients, choroidal in fi ltrates show predom-
inantly activated CD4 +  T cells that express CD25, 
a transmembrane protein; this molecule is an 
interleukin-2 (IL-2) alpha-chain receptor for lym-
phocytes, and it is involved in the proliferation 
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process of T cells. In the choroidal in fl ammatory 
foci, T cells also express CD26, which is consid-
ered a T cell activation antigen; CD26 costimula-
tion potentiates T cell receptor-mediated response 
leading to an effector function. CD26 is consid-
ered a marker of lymphocytic late activation  [  11, 
  24–  26  ] . Other authors have shown an increased 
expression of CD1a +  in lymphocytes of periph-
eral blood in patients with active VKH, suggest-
ing an activation of the immune system that is 
increased by the T cells lymphokines released as 
product of activated signaling cascades  [  27  ] . 

 Choroidal melanocytes and endothelial cells 
from choriocapillaris do not express molecules of 
the major histocompatibility complex (MHC) 
class II (HLA-DR and HLA-DQ) in physiologi-
cal conditions. These molecules require for anti-
gen presentation CD4 +  cells; these are expressed 
abnormally in choroid tissue of VKH patients. 
Innomata and Sakamoto demonstrated the 
absence of choroidal melanocytes in chronic 
VKH patients. These  fi ndings suggest a retarded 
hypersensibility against melanocytes with aber-
rant expression of class II molecules that can play 
a role in the in fl ammatory process in patients 
with VKH  [  28  ] . 

 Norose et al. have demonstrated cytotoxic 
activity of leukocytes against a human melanoma 
cellular lineage in patients with VKH  [  29  ] . 
Speci fi c cytotoxic T cells against an antigen 
expressed on melanocytes and the retina were 
demonstrated using CD8 +  T cell clones from 
intraocular  fl uid from HLA-A2-positive VKH 
patients. These    cell lyses the eye melanocytes, 
suggesting a cellular basis of the HLA-restricted 
autoimmune process  [  30  ] . Tyrosinase or tyrosi-
nase-related proteins have been implicated as tar-
get antigens on the melanocytes  [  31  ] . Several 
studies have shown that tyrosinase family protein 
in a rat model can induce an autoimmune disease 
strongly resembling human VKH and that lym-
phocytes of VKH patients are reactive to tyrosi-
nase family proteins  [  32  ] . Chan detected serum 
antibodies against the external segments of the 
photoreceptors and Müller cells, as well as anti-
bodies against anti-ganglioside in 71% of their 
VKH patients  [  33  ] ; however, it is not known if 

these changes are secondary to retinal damage 
produced during in fl ammatory response. Chan 
also observed that lymphocytes of patients with 
active disease, without treatment, proliferated 
when they were exposed to a union of interphoto-
receptor protein and retinal antigen. 

 Damico and coworkers  [  34  ]  demonstrated that 
in patients with VKH, T cells recognize peptides 
derived from melanocytes with greater af fi nity 
and proliferative response when compared to 
controls. They also found that peripheral blood 
mononuclear cells (PBMC) produce a cytokine 
response with a speci fi c Th1 pro fi le. Other 
authors suggest that an external factor may bind 
to Toll-like receptors (TLRs), a receptor family 
that recognizes molecular patterns usually found 
in pathogens, and produce an intracellular signal-
ing cascade; the stimulation of TLR  [  35  ]  induces 
changes in chemokine and cytokine secretion and 
costimulatory molecule expression. Chan et al. 
proposed  [  36  ]  that meningeal and auditory 
system involvement was a response against mel-
anocytes that express altered antigens on their 
surface. It is not known if these changes are due 
to a spontaneous alteration or if they are second-
ary to exogenous factors such as Epstein-Barr 
virus (EBV). Bassili and coworkers believe that 
EBV could be related to the stimulus that starts a 
speci fi c immune response against melanocytes 
 [  37  ] . Sugita et al.  [  31  ]  studied the cross-reaction 
between tyrosinase peptides and cytomegalovi-
rus (CMV) antigen by T cells in VKH patients. 
Cytomegalovirus (CMV) infection could stimu-
late production of T cells that cross-react with 
tyrosinase by a mechanism of molecular mimicry 
and could be responsible of the onset of VKH. 
Also VKH-like disease has been reported in 
patients treated with interferon (IFN)-a2a for 
chronic viral hepatitis  [  38–  40  ] . 

 MHC class I molecules can interact with other 
immune cells and can play a role in the pathogen-
esis of VKH. Killer cell immunoglobulin-like 
receptors (KIR) are members of a group of regu-
latory molecules found on subsets of lymphoid 
cells, which either activate or inhibit natural killer 
(NK) cells and certain subsets of T lymphocytes 
 [  41,   42  ] . Levinson    et al. reported that VKH 
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patients had a higher frequency of KIR gene-
associated B haplogroup. Signals transduced by 
the activated KIRs upon their binding to putative 
class I ligands may overcome HLA class-I-
dependent inhibition and trigger natural killer 
(NK) reactivity, leading to the autoimmune con-
dition in VKH  [  43  ] . 

 Recently, an increased expression of IL-23 
(interleukin-23) and elevated production of IL-17 
(interleukin-17) have been reported in PBMC of 
VKH patients  [  44  ] . This  fi nding led to the 
hypothesis that IL-23 stimulated production of 
IL-17 by CD4 + T cells and these may be involved 
in the development of VKH syndrome  [  45  ] .  

   Histopathology 

 VKH has been described as a bilateral granuloma-
tous uveitis, similar to sympathetic ophthalmia. 
The main feature of VKH is a diffuse thickening 
of the uveal tract caused by a nonnecrotizing 
granulomatous in fl ammation that predominates in 
the juxtapapillary choroid, with less involvement 
at equatorial and peripheral areas  [  46  ] . 

 In 1977, Perry and Font reported nine eyes 
with chronic VKH, with a granulomatous 
response in only four of them. In these cases, a 
diffuse in fl ammation of the uvea consisting of 
epithelioid cells, lymphocytes, some plasma 
cells, and multinucleated giant cells was observed; 
epithelioid cells and multinucleated giant cells 
contained melanin pigment. There was a relative 
sparing of the choriocapillaris from in fl ammation; 
in long-standing cases, in fl ammation may extend 
into the choriocapillaris and retina, resulting in 
chorioretinal adhesions. 

 In the uveitic stage, the neurosensory retina is 
detached by an eosinophilic exudate with protein-
aceous material. In immunohistochemical studies, 
the presence of T suppressor/cytotoxic cells and 
macrophages  [  46,   47  ]  and T lymphocytes close to 
uveal melanocytes, which express class II MHC, 
has been reported  [  29,   48  ] . These in fl ammatory 
cells do not reach the choriocapillaris or retina, 
but do involve the ciliary body and iris. 

 In the chronic stage, the melanocytes tend to 
disappear from the choroid; focal collections of 
lymphocytes, pigment-laden macrophages, epi-
thelioid cells, and proliferative retinal pigment 
epithelium (RPE) cells with altered histologic 
appearance are noted. They are virtually identical 
to Dalen-Fuchs nodules, described in sympa-
thetic ophthalmia, and become more evident in 
the convalescent stage  [  49  ] . 

 In the convalescent stage, a mild to moderate 
nongranulomatous in fl ammatory cell in fi ltration 
occurs, mainly with lymphocytes and macrophages. 
Choroid is depigmented, exhibiting spindle cells 
without melanin granules; these changes are 
observed clinically as the “sunset glow” fundus 
image  [  50  ] . Histopathologic analysis shows focal 
RPE loss with chorioretinal adhesions  [  46  ] . 

 RPE proliferation has the clinical appearance of 
hyperpigmented changes on ophthalmoscopic 
examination. Subretinal neovascular channels and 
mound-like pigmented lesions may also be observed. 
In other cases, hyperplasic RPE can be reorganized 
as subretinal  fi brosis  [  50  ] . There is also a combina-
tion of photoreceptor degeneration and gliosis of 
the overlying neural retina. The choriocapillaris has 
a degenerative process, and chorioretinal adhesions 
are apparent at these sites  [  50  ] . In this phase, Dalen-
Fuchs-like nodules may be observed. They are con-
stituted by proliferated RPE with few in fl ammatory 
cells and sometimes are calci fi ed. 

 Friedman and Deutsch-Sokol made a clinic-
pathologic correlation of Sugiura sign; absence of 
pigment in the basal epithelial layer at the limbus 
was found. Extraocular changes have also been 
studied. Vitiligo shows aggregates of lymphocytes, 
mostly around sweat glands, hair follicles, and 
small blood vessels of the dermis; melanin-laden 
cells are disrupted  [  51  ] . Dermal in fl ammatory 
in fi ltrate with melanin-containing macrophages is 
observed. Alopecia areas have a mononuclear cell 
in fi ltration with discharge of melanin pigment from 
the matrix into the dermal papillae and surrounding 
perifollicular sheaths of hair follicles  [  46  ] . 

 These previous reports con fi rmed what Rao 
and coworkers proposed: “… at tissue level, there 
is a role of autoimmunity in the pathogenesis of 
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VKH. Choroidal    melanocytes are the target of an 
in fl ammatory response and immune reaction 
mediated by cells, ampli fi es the in fl ammatory 
response with  fi nal tissular destruction”  [  46  ] .  

   Immunogenetics 

 It is well known that VKH concentrates in certain 
ethnic groups, leading to the assumption of an 
important genetic basis. The most important 
immunogenetic association in VKH patients is 
with the major histocompatibility complex 
(MHC) class II, mostly with HLA-DR4 in 
Japanese, Chinese, American Indians, and 
patients with Mexican and Central American 
background  [  52–  57  ] . In Japanese patients, 
HLA-DR4 has been found more frequently in 
VKH patients compared to normal subjects. 
Zhang and coworkers  [  54  ]  found that 75% of 
Chinese patients with VKH are HLA-DR posi-
tive, compared to 23.1% of the control group. 
Martínez and coworkers  [  55  ]  studied eight VKH 
patients with Indian-Cherokee ancestry. They 
found HLA-DR52, DR6, DR3, DR13, or DR8 
haplotypes, which were associated to DR52 in 
seven patients. In Hispanic patients  [  56  ] , an asso-
ciation to DR4 and/or DR1 was found in 85% of 
VKH patients, compared to 35% of the control 
group, which suggests a common epitope in gene 
DR b 1 as a pathogenic mechanism. 

 Our group reported a strong association with 
HLA-DR4 (RR = 5.3) in 48 Mexican-Mestizo 
VKH patients  [  13,   22  ] . A similar study in 
Japanese patients demonstrated an association 
with HLA-DQ4 with an RR = 9.9 to develop the 
disease. Ishikawa, Ito, and Rutzen reported VKH 
in homocygotic twins, HLA-DR4 positive, which 
emphasizes the role of immunogenetics in the 
pathogenesis of the disease  [  58  ] . 

 Shindo et al. used polymerase chain reaction 
(PCR) to limit the length of the fragments of 
polymorphism (PCR-RFLP) and to analyze type 
II alleles of the MHC and found that DRB1*4 
alleles codify speci fi cally for DR4 in 100% of 
patients with DRB1*0405 or DRB1*0410. Only 

DRB1*0405 and DQB1*0401 had increased levels 
when compared to the control group. Reports of 
studies conducted on Brazilians of different eth-
nic origins and Japanese demonstrated that MHC 
class II genes were clearly involved, with 
DRB1*0405 allele being the major susceptibility 
factor  [  52,   59  ] . 

 In a study of 46 Mexican-Mestizo VKH patients 
compared with 170 controls, no association with 
any particular DRB1*04 subtype was found; how-
ever, a strong positive association of VKH with 
DRB1*0101 was found (p = 0.009, OR = 4.2). 
When looking for DRB1*04 and/or DRB1*0101 
in the same individual, 89.1% (41/46) of the patients 
carried either one  [  13  ] . Another allele with predis-
position for developing disease is DQA1*0301 
 [  60  ] . In Chinese patients, Yang reported associa-
tion with HLA DRw53 in 63.6% of 223 VKH 
patients compared with 150 controls  [  20  ] .  

   Clinical Features 

 In 1978, the American Uveitis Society (AUS) 
established the diagnostic criteria for VKH which 
were later revised by an International Committee 
in 2001 (Table  19.1 )  [  61  ] . These criteria serve as 
a basis in the diagnosis and subsequent manage-
ment of VKH patients.  

 The clinical course of the VKH syndrome has 
four stages or phases:

    • Prodromal Stage . It can mimic a viral illness; 
fever, nausea, vertigo, orbital pain, and neurologic 
signs such as meningismus can be observed, and 
rarely cranial nerve palsies, transverse myelitis, 
and optic neuritis may be present. These symp-
toms are present for 3–5 days  [  10,   62,   63  ] . 
Photophobia and tearing may follow 1–2 days 
later  [  64  ] . Cerebrospinal  fl uid pleocytosis may 
be present at this stage  [  65  ] .  
   • Acute Uveitic Stage . It follows the previous 
phase and lasts for several weeks. It is char-
acterized by bilateral posterior uveitis. It 
begins with bilateral blurry vision in up to 
70% of patients  [  64  ] . One eye is affected  fi rst 
in 30% of patients; the second eye is involved 
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1–10 days later  [  66  ] . Signs    of posterior 
uveitis start with thickening of the posterior 
choroid, hyperemia and edema of the optic 
disk, and retinal edema  [  62  ] . Later, choroidal 
in fl ammation becomes multifocal and is 
associated with alterations of the overlying 
pigment epithelium. The retinal pigment epi-
thelial barrier breaks down, and multiple 
serous retinal detachments develop. This is 
the characteristic clinical image of Harada’s 
form of the disease (Fig.  19.1 ).  
 Some days later, intraocular in fl ammation • 
becomes diffuse and anterior segment is 
affected; cells,  fl are, mutton fat keratic precipi-
tates, and Koeppe and Busacca iris nodules are 
observed (Fig.  19.2 ). In most patients, intraoc-
ular pressure is low; however, in some cases, 
edema and ciliary body in fl ammatory cell 
in fi ltration can cause a forward displacement of 
the lens–iris diaphragm with narrowing of the 
anterior chamber angle and elevate intraocular 
pressure  [  67  ] . These cases may mimic angle-
closure glaucoma in the uveitic stage of VKH 
syndrome. Few reports describe an annular 
choroidal detachment sometimes associated 
with prominent serous retinal detachment  [  68  ] .   
   • Convalescent/Chronic Phase . There is a 
gradual integumentary and uveal depigmen-
tation several weeks after the acute phase. It 
can last for several months to years; severity 
is related to time to diagnose and type of 
treatment. Perilimbal vitiligo, also known as 
“Sugiura sign,” has been described as the  fi rst 

   Table 19.1    Diagnostic criteria for Vogt–Koyanagi–
Harada disease  [  61  ]    

  Complete Vogt–Koyanagi–Harada disease (criteria 1–5 
must be present)  
 1.  No history of penetrating ocular trauma or surgery 

preceding the initial onset of uveitis 
 2.  No clinical or laboratory evidence suggestive of other 

ocular disease entities 
 3.  Bilateral ocular involvement (a or b must be met, 

depending on the stage of disease when the patient is 
examined) 

  a. Early manifestations of disease 
    (1)  There must be evidence of a diffuse 

choroiditis (with or without anterior uveitis, 
vitreous in fl ammatory reaction, or optic disk 
hyperemia), which may manifest as one of 
the following: 

     (a) Focal areas of subretinal  fl uid 
     (b) Bullous serous retinal detachments 
    (2)  With equivocal fundus  fi ndings, both of the 

following must be present as well: 
     (a)  Focal areas of delay in choroidal 

perfusion, multifocal areas of pinpoint 
leakage, large placoid areas of 
hyper fl uorescence, subretinal  fl uid 
pooling, and optic nerve staining (listed in 
order of sequential appearance) by 
 fl uorescein angiography 

     (b)  Diffuse choroidal thickening, without 
evidence of posterior scleritis by 
ultrasonography 

 b. Late manifestations of disease 
    (1)  History suggestive of prior presence of 

 fi ndings from 3a, and either both (2) and (3) 
below or multiple signs from (3) 

    (2)  Ocular depigmentation (either of the 
following manifestations is suf fi cient) 

     (a) Sunset glow fundus 
     (b) Sugiura sign 
    (3) Other ocular signs 
     (a) Nummular chorioretinal depigmented scars 
     (b)  Retinal pigment epithelium clumping and/

or migration 
     (c) Recurrent or chronic anterior uveitis 
 4.  Neurological/auditory  fi ndings (may have resolved by 

time of examination) 
  a.  Meningismus (malaise, fever, headache, nausea, 

abdominal pain, stiffness of the neck and back, or a 
combination of these factors; headache alone is not 
suf fi cient to meet de fi nition of meningismus, however) 

  b. Tinnitus 
  c. Cerebrospinal  fl uid pleocytosis 

(continued)

Table 19.1 (continued)

 5.  Integumentary  fi ndings (not preceding onset of central 
nervous system or ocular disease) 

  a. Alopecia 
  b. Poliosis 
  c. Vitiligo 
  Incomplete Vogt–Koyanagi–Harada disease  
 Criteria 1–3 and either 4 or 5 must be present 
  Probable Vogt–Koyanagi–Harada disease  
 Isolated ocular disease 
 Criteria 1–3 must be present 
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depigmentation  [  51  ]     mainly in Japanese 
patients  [  69  ] . Cutaneous depigmentation may 
involve face, eyelids, and trunk  [  10  ] . 
 Two to three months after the uveitis stage, • 
choroidal depigmentation develops. It is 
observed as an orange-red discoloration that 
simulates the image of sunset, with a pale disk, 
therefore known as “sunset glow fundus.” It has 
been described more frequently in Asian  [  62  ]  
and Hispanic patients  [  70  ] . Numerous small, 
yellow, well-circumscribed areas of choroidal-
retinal atrophy, known as “pseudo-Dalen-Fuchs 
nodules,” appear in the inferior midperiphery of 
the fundus; RPE migration is clinically observed 
as areas of hyperpigmentation. Posterior uveitis 

reaches a smoldering stage as more melano-
cytes disappear from the choroid (Fig.  19.3 ).   
   • Recurrent Phase . It is characterized by a 
smoldering panuveitis with exacerbations 
of anterior or posterior uveitis. Anterior 
uveitis is granulomatous with mutton fat 
keratic precipitates and stromal iris nodules. 
Posterior uveitis can be seen as serous retinal 
detachments. 
 Posterior segment recurrences are infrequent and • 
may be related to late or suboptimal treatment, 
inadequate immunosuppression, premature 
withdrawal, or rapid tapering of steroids  [  71  ] . 
In these cases, there is still uveal pigment in the 

  Fig. 19.1    Posterior pole at acute uveitic stage. Multiple serous retinal detachment and optic disk edema       

  Fig. 19.2    Anterior segment at acute uveitic stage. Mutton 
fat keratic precipitates ( black arrow ) and posterior synechia 
( white arrow )         Fig. 19.3    Convalescent phase. “Sunset glow fundus,” 

pseudo-Dalen-Fuchs nodules ( white arrow ), RPE migra-
tion ( black arrow )       
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choroid; therefore, a subclinical in fl ammation 
persists  [  72  ] . If chronic anterior uveitis ensues, 
severe chorioretinal atrophy may develop  [  73  ] . 
 Ocular hypotony has been described secondary • 
to ciliary processes atrophy, cyclitis as part of 
the severe chronic anterior uveitis, and detach-
ment of the ciliary body in patients without any 
systemic corticosteroid treatment  [  74  ] . In this 
phase, complications such as cataracts, glau-
coma, subretinal neovascularization, and sub-
retinal  fi brosis may be observed. Arteriovenous 
anastomoses may develop  [  75  ] , and linear 
streak fundus lesions simulating ocular histo-
plasmosis syndrome may be seen  [  76  ] .     

   Extraocular Manifestations 

 In the prodromic phase, neurological manifesta-
tions are frequent. Sixty-seven percent of patients 
may present with generalized muscle weakness 
or headache  [  77  ] ; periocular pain is referred in 
73.9% of cases  [  78  ] . Meningismus   , vertigo, tin-
nitus, and hearing loss can be found  [  79  ] . Mental 
changes range from mild confusion to psychosis, 
hemiparesis, dysarthria, and aphasia, and rarely 
seizures may occur  [  80  ] . In this stage, pleocytosis 
is reported in 80% of cases  [  65  ] . 

 Auditory signs appear simultaneously with 
ocular in fl ammation even though they can be the 
 fi rst sign of the disease and are present in 75% of 
patients. Dysacusia may have a sudden onset and 
is associated with tinnitus and vertigo  [  81  ] ; it 
may resolve weeks to years after onset. Deafness 
is reported in 30% of patients. Audiometry shows 
a central origin with cochlear involvement, 
mainly in the high frequency range (up to 30 dB); 
in early stages of the disease, all frequencies may 
be affected  [  21,   65,   82  ] . 

 VKH should be considered in the differential 
diagnosis of patients with acute onset of head-
ache followed by decreased visual acuity  [  83  ] . 

 Integumentary signs are signi fi cant and more 
prevalent in Japanese than in Hispanic, Mexican-
Mestizo, or Argentinian patients. In the prodro-
mic phase, 27–72% of patients have an increased 
skin and scalp sensitivity  [  21  ] . 

 In the convalescent stage, eyebrows, brows, 
and hair poliosis develop concurrent with poste-
rior pole depigmentation. In these phases, vitiligo 
affecting eyelids, head, and trunk is observed 
(Fig.  19.4 ). Frequency depends on race, ranging 
between 10% and 63%; it is less frequent in 
Hispanic  [  77  ]     than in Asian patients  [  65  ] . 
Alopecia has been reported in 35–73% of cases; 
it appears weeks to months after the onset of 
meningeal or ocular symptoms  [  84  ] .   

   Ancillary Test 

 Diagnosis is based on clinical criteria (see 
Table  19.1 ); however, there are several tests that 
can help in diagnosis in atypical cases, when 
complications are seen and during follow-up. 

   Fluorescein Angiography (FA) 

 Patterns correlate with the stage of disease; in 
Table  19.2 , the correlation of clinical and 
 fl uorescein angiographic  fi ndings is described. In 
the acute uveitis stage, the most common  fi ndings 
are optic disk hyper fl uorescence and disseminated 
spotted choroidal hyper fl uorescence (94.4% each), 
choroidal hypo fl uorescence (83.3%), and subreti-
nal pooling of dye in 50% of patients  [  85  ] . Brinkley 
et al. suggested that subretinal pooling of dye and 
focal dye leaks at RPE level may be diagnostic 
angiographic features of VKH (Fig.  19.5 )  [  86  ] .   

 In the chronic uveitic stage,  fi ndings include 
spotted hyper- and hypo fl uorescence areas 
(“salt-and-pepper” appearance) and optic disk 

  Fig. 19.4    Integumentary affection in convalescent stage. 
Cutaneous depigmentation of face and eyelids       

 



36119 Vogt–Koyanagi–Harada Disease

hyper fl uorescence in 72.7% of cases each, and 
blockage of choroidal  fl uorescence (63.6%). 

 In the convalescent stage   , spotted hyper- and 
hypo fl uorescence is reported in 73.3% of eyes, 
blockage of choroidal  fl uorescence in 56.7%, and 
dot-like equatorial hyper fl uorescence in 43.3%, 
which are the most common angiographic  fi ndings. 
In 40% of angiographies, optic disk hyper fl uorescence 
secondary to residual optic disk capillary damage 
can be observed (Fig.  19.6 )  [  85,   87  ] .  

 Rao et al. suggested that subretinal bands 
of hyper- and hypo fl uorescence could be a mani-
festation of in fl ammatory thickening of the 
choroid and represent choroidal folds. They are 
seen in 27.8% of patients in acute stage and 
are less frequent during other stages  [  88,   89  ] . 
Hyper fl uorescence of isolated segments of ves-
sels may be observed at equatorial and periph-
eral veins (16.7–35%)  [  23,   85  ] . In cases of 
posterior recurrences, FA revealed multiple early 

hypo fl uorescent lesions of delayed choroidal 
 fi lling with late hyper fl uorescence  [  72  ] . 

 Fluorescein angiography is also useful for 
detecting complications such as arteriovenous 
and retinochoroidal anastomosis, optic disk 
neovascularization, and choroidal neovascu-
larization. Retinochoroidal and arteriovenous 
anastomoses represent collateral vessels over 
areas of RPE damage  [  65,   89  ] . In patients with 
VKH, angiographic  fi ndings are important to 
corroborate diagnosis (see Table  19.2 ).  

   Indocyanine Green Angiography (ICGA) 

 ICGA is the method of choice to evaluate chor-
oidal disorders showing minimal and subclinical 
changes. In VKH it is useful for initial evaluation 
and follow-up. Findings include:

   Early hyper fl uorescence and leakage of chor-• 
oidal stromal vessels that indicates a severe 
choroidal stromal in fl ammatory vasculopathy.  
  Hypo fl uorescent dark dots. This is the most • 
constant and relevant pattern for follow-up 
purposes and is observed in all patients at dis-
ease onset. These are signs of altered vascular 
permeability and recur in 75% of patients. In 
ICGA they can be distinguished as follows:
   A.    Dark dots present in intermediate phase 

(8–12 min) and become iso fl uorescent 
in late phase. This pattern indicates the 
presence of small, partial thickness 
in fl ammatory foci (granuloma).  

   B.    Dark dots present in the late phase (from 
20 to 22 min onward). This pattern indi-
cates whole thickness, large choroidal 
stromal foci (granuloma). The latter type 
of lesions can also cause additional cho-
riocapillaris nonperfusion, a second 
cause of hypo fl uorescence. Obviously, 
both patterns do coexist, indicating 
in fl ammatory foci of different sizes  [  90  ] .      

  Fuzzy vascular patterns of large stromal ves-• 
sels. They represent a diffuse in fl ammatory 
stromal vasculopathy. This pattern is seen in 
the intermediate ICG phase. In the late 
phases, a diffuse stromal hyper fl uorescence 
is seen.  

   Table 19.2    Correlation of clinical and  fl uorescein 
angiographic  fi ndings   

 Fluorescein fundus 
angiography patterns 

 Clinical correlation 

  Uveitic stage  
 Disseminated spotted 
choroidal hyper fl uorescence 

 Choroiditis 

 Subretinal pooling of dye  Subretinal  fl uid 
 Optic disk hyper fl uorescence  Optic disk in fl ammation 
  Convalescent stage  
 Spotted hyper- and 
hypo fl uorescence 
 (Salt-and-pepper pattern)  RPE damage 
 Choroidal hypo fl uorescence  Delayed choroidal 

 fi lling 
 Blockage of choroidal 
 fl uorescence 

 RPE migration 

 Retinal vascular wall 
hyper fl uorescence 

 Retinal vasculitis 

 Localized choroidal 
hyper fl uorescence 

 Choroidal 
neovascularization 

 Dot-like equatorial 
hyper fl uorescence 

 Nummular whitish-
yellow scars 

 Mixed bands of hyper- and 
hypo fl uorescence 

 Choroidal folds 

 Reticular band 
hypo fl uorescence (reticular 
pattern) 

 Unknown 

   RPE  retinal pigment epithelium  
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  Disk hyper fl uorescence is associated with • 
severity of disease and is an important indi-
cator of response to initial therapy.  
  Disturbance/delay in early choriocapillaris • 
circulation.  
  Hyper fl uorescent pinpoints and diffuse • 
 subretinal hyper fl uorescence.  
  Diffuse late hyper fl uorescence. It is observed • 
in acute and subacute disease  [  1  ] .    

 Therefore, ICGA is a method used to deter-
mine the pattern of choroidal involvement and 
to evaluate subclinical disease and is an impor-
tant tool for follow-up  [  91,   92  ] . ICG has also 
been used to con fi rm the presence of choroidal 

neovascular membrane and subretinal  fi brosis 
that is shown as a late staining without any leakage 
of dye  [  91  ] .  

   Cerebrospinal Fluid Analysis (CSF) 

 Cerebrospinal  fl uid analysis (CSF) is rarely 
needed, but it provides data to support the diag-
nosis; it has been considered as a major symp-
tom/criterion in Sugiura’s and AUS diagnostic 
criteria. It helps to diagnose atypical VKH and to 
rule out other diseases  [  93  ] . 

 At prodromal stage of the disease, CSF will show 
pleocytosis in 71.6–100% of samples  [ 92 ,   94 ,  95  ]  
composed mainly of lymphocyte cells, and a 
small number of macrophages with melanin baso-
philic granules  [  24  ] . These  fi ndings can be 
observed in 97% of VKH patients within 3 weeks 
of in fl ammation onset and may persist for about 
8 weeks  [  29,   64  ] . Melanin-laden macrophages have 
been identi fi ed and suggest that these cells are 
responsible for the pleocytosis that is present in the 
early stages of the disease  [  24  ] . CSF is also valu-
able to make a differential diagnosis with sarcoido-
sis, meningoencephalitis, and lymphoma  [  10,   93  ] .  

   Ultrasonography (USG) 

 Ultrasonography (USG) is of great importance 
when there is an inadequate pupillary dilatation 

  Fig. 19.5    Acute uveitic stage: ( a ) choroidal hypo fl uorescence due to delayed choroidal  fi lling ( arrows ) and ( b ) spotted 
choroidal hyper fl uorescence ( black arrows ) and subretinal pooling of dye       

  Fig. 19.6    Fluorescein angiography at convalescent stage. 
Spotted hyper- and hypo fl uorescence in salt-and-pepper 
pattern and blockage of choroidal  fl uorescence       
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due to posterior synechiae that may obscure the 
view of the fundus or when presentation is atypical 
and extraocular manifestations are absent. 
USG manifestations were described by Forster 
et al. and include:

   Diffuse, low-to-medium re fl ective thickening • 
of the posterior choroid  
  Serous retinal detachment located in the pos-• 
terior pole or inferiorly (Fig.  19.7 )   
  Some vitreous opacities with no posterior vit-• 
reous detachment  
  Posterior thickening of the sclera or episclera    • 
 USG is an aid when other disorders need to be 

differentiated. For example, in posterior scleritis, 
the posterior wall of the globe is  fl attened, and an 
increased thickness of the posterior sclera and 
episclera and retrobulbar edema may be seen. 
USG has also been used to make differential 
diagnosis with benign reactive lymphoid hyper-
plasia of the uvea, choroidal melanoma, and other 
granulomatous disorders of the choroid such as 
tuberculosis or sarcoidosis  [  63  ] .  

   Ultrasound Biomicroscopy (UBM) 

 Ultrasound biomicroscopy has been used to 
diagnose ciliochoroidal detachment and to follow 
up response to treatment. In chronic phases, 
ciliary body returns to normal thickness with 
homogeneous internal re fl ectivity and normal 

delineation of ciliary processes  [  94  ] . UBM also 
has been used to detect ciliary body edema, to 
demonstrate partial or complete angle closure, 
and to follow up pars plana decreasing thickness 
after treatment  [  9,   95  ] . Pars plana thickness is 
helpful for estimating the remaining in fl ammatory 
changes in the ciliary body  [  95  ] . 

 Mantovani et al. demonstrated the presence 
of a supraciliary effusion which explained the 
myopization observed in early stages in some 
VKH patients  [  92  ] .  

   Magnetic Resonance Image (MRI) 

 Andreoli    et al. reported that magnetic resonance 
imaging (MRI) has not been useful in VKH 
diagnosis  [  87  ] ; however, MRI has been used to 
differentiate VKH from scleritis, primary intraoc-
ular B-cell lymphoma,  [  96  ]  sarcoidosis,  [  63  ] , and 
multiple sclerosis  [  92  ] . 

 Johnston and Teitelbaum described the advan-
tages of MRI in VKH diagnosis: (1) excellent 
visualization of choroidal thickening; (2) differ-
entiation from sclera, choroid, and retina; (3) 
detection of subclinical ocular disease or CNS 
affection. It has been reported that MRI may 
show bilateral annular choroidal detachment and 
choroidal thickening with scleral sparing  [  65  ] .  

   Electrophysiology 

 Electrooculogram (EOG) and electroretinogram 
(ERG) present variable degrees of alteration 
based on disease stage. In ERG   , a and b waves 
are slightly depressed in initial phases and can 
continue to be depressed for a long period of 
time, returning toward normal in the chronic and 
recurrent phases of the illness. In EOG, luminos-
ity peak is decreased in prodromic and uveitic 
stages as reported by Jacobson  [  97  ] . Eventually, 
luminosity peak of EOG and amplitude of ERG 
return to basal values  [  98  ] . 

 Our group  [  99  ]  reviewed retinal function 
of eight VKH patients (16 eyes) with inactive 
disease (approximately 18 months without 
in fl ammation); we found that ERG in scotopic, 

  Fig. 19.7    B-scan ultrasound at uveitic stage showing 
diffuse low re fl ective choroidal thickening and serous 
retinal detachment       
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mesopic, and photopic phases showed b wave 
depression in 63.15% of patients. Color vision 
test (Farnsworth-Munsell D15, 100, anomaloscopy, 
and Ishihara Test) showed a severe dyschromatop-
sia with no axis in 45.94% of cases. Contrast 
sensitivity test was altered in 78.37% of the eyes, 
and automated Humphrey visual  fi elds had 
a generalized, decreased retinal sensibility in 
20.58% of eyes, concentric visual  fi eld reduction 
in 13.5%, and nasal defects in 5.88%. Multifocal 
ERG (mERG) had abnormal amplitude and 
implicit time in all patients. 

 Chee et al. studied visual function in patients 
with VKH with mERG and reported that in patients 
who do not have peripapillary atrophy, visual  fi elds 
do not have alterations but have a subclinical reti-
nal dysfunction; otherwise, in patients with chori-
oretinal atrophy, visual  fi elds were abnormal and 
had a signi fi cant visual dysfunction. In these 
patients, mERG was reduced in amplitude with a 
retarded implicit time, while patients with sunset 
glow funds and with no peripapillary atrophy 
had diminished mERG amplitude but no affection 
of the implicit time  [  100  ] . If peripapillary atrophy 
is observed after the acute phase, then it may be 
useful to perform multifocal electroretinography 
to evaluate the amount of in fl ammation at that time 
point and hence modify immunosuppressant 
therapy as appropriate. Its occurrence would also 
be an indicator that these patients will need closer 
monitoring for recurrences  [  101  ] . 

 Multifocal ERG studies used to evaluate 
macular function in uveitic stage demonstrated 
severe impairment. After treatment with immu-
nosuppressive agents, although a good VA recov-
ery was seen, a delayed and limited recovery of 
macular function was detected after 12 months of 
follow-up. This study demonstrated decreased 
amplitudes and prolonged latencies of N1 and P1 
waves that re fl ect the function of photoreceptor 
cells. This behavior suggests that dysfunction of 
overlying photoreceptors (rod and cone cells) 
may be a hallmark in VKH syndrome or may be 
secondary to the diffuse pathologic changes in 
the choroid and/or retinal pigment epithelium. 
Yang    et al. reported that VA improves sooner than 
mERG and that VA improvement was always 
better than mERG results  [  102  ] . 

 Our ERG and visual  fi eld results suggest that 
photoreceptors are damaged, not only in the 
 macular area, and that a diffuse pattern of altera-
tion exists on ganglionar cells and external retina. 
This shows that even though visual acuity is good 
in patients with VKH, retinal function is severely 
altered  [  99  ] .  

   O   ptical Coherence Tomography (OCT) 

 Optical coherence tomography (OCT) is a helpful 
resource that can be used to diagnose and to moni-
tor the resolution of serous retinal detachment. In 
the acute phase,    is a diagnostic technique that evi-
dence small serous retinal detachments that are not 
detected by slit-lamp biomicroscopy and can dem-
onstrate intraretinal edema. In chronic phases, RPE 
thickening or proliferation may be observed  [  103  ] . 

 Gupta et al. described four patients with VKH 
in uveitic stage who were studied using spectral-
domain OCT. They found RPE undulations, with 
pockets of subretinal  fl uid (SRF) anterior to the 
trough of the undulations and multiple small 
bumps on the RPE surface. After treatment with 
corticosteroids, undulations resolved between 2 
and 4 weeks with simultaneous resolution of the 
serous detachment. Undulations may be caused 
by a thickened choroid in fi ltrated with 
in fl ammatory cells that push the RPE forward and 
correspond to the hypo fl uorescent lines seen in 
FA. In  fi ve eyes, bands of moderate hyperre fl ectivity 
within the serous detachment were seen, probably 
representing  fi brinous bands  [  104  ] . 

 Maruyama reported evidence suggestive of 
retinal cystoid spaces in acute VKH syndrome. 
Intraretinal  fl uid accumulation was seen in the 
outer retina as well as serous retinal detachment 
 [  105  ] . Tsujikawa et al. found vertical thin walls of 
large cystoid spaces within the subretinal  fl uid in 
43% of their VKH patients. They usually disap-
peared immediately after the onset of treatment, 
along with a reduction of the subretinal  fl uid. They 
assumed that these thin structures might represent 
subretinal  fi brosis or  fi brin membranes  [  106  ] . 

 Yee et al. found cystoid spaces in 67.9% of the 
eyes using OCT3. They did not  fi nd a  fi brin mem-
brane, and the photoreceptor layer showed  fl uid 
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accumulation. In the acute stage, there is swelling 
of the photoreceptors that progressed from the 
junction of the inner and outer segments to the dis-
tal photoreceptors. If changes are reversible, outer 
segments can regain their normal folded structures 
and intraretinal space will be resolved  [  107  ] . 

 Our group studied prospectively 70 eyes of 35 
patients with VKH, 6 eyes (group 1) in uveitic 
stage, 61 in convalescent (group 2), and 3 in recur-
rent phase (group 3) using spectral-domain OCT. 
In group 1, all had serous retinal detachment, with 
worse VA in those where fovea was involved. In 
group 2, OCT was normal in 40.6%, retinal thin-
ning was observed in 28.1%, epiretinal membrane 
in 10.8%, RPE hypertrophy in 9.3%, RPE detach-
ment in 4.6%, and subretinal  fi brosis in 10.8%. 
Worse VA was found in patients with subretinal 
 fi brosis and RPE detachment. In group 3, two eyes 
had choroidal neovascularization and were the 
ones with worse VA and one had CME.    We con-
cluded that all phases of VKH diseases can be 
studied and that retinal and RPE characteristics, 
may be correlated with VA  [  108  ] .  

   Anterior Segment Optical Coherence 
Tomography 

 Anterior segment OCT (AS-OCT) is a method to 
visualize the anterior segment noninvasively to 
obtain quantitative information. Yamamura et al. 
described a patient in which bilateral acute angle-
closure glaucoma was diagnosed; AS-OCT 
images showed a shallow anterior chamber, nar-
row chamber angle, and supraciliary  fl uid in both 
eyes. The iris showed anterior bowing consistent 
with a pupillary block in both eyes. After treat-
ment with systemic corticosteroids, anterior 
chamber returned to normal depth, ciliary body 
reverted to its normal position, and the supracili-
ary  fl uid disappeared in both eyes  [  109  ] .   

   Differential Diagnosis 

 Differential diagnosis should include sympathetic 
ophthalmia, idiopathic central serous chori-
oretinopathy, acute leukemia, primary intraocular 

B-cell lymphoma, metastatic carcinoma, uveal 
melanocytic proliferation associated with systemic 
carcinoma, idiopathic uveal effusion syndrome, 
posterior scleritis, acute posterior multifocal 
placoid pigment epitheliopathy, multiple evanes-
cent white dot syndrome, Behcet’s disease, Lyme 
disease, sarcoidosis, and benign reactive lymphoid 
hyperplasia of the uveal tract. 

 Systemic physical exam and blood workup to 
rule out systemic disease and malignancy should 
always be performed  [  87  ] . 

 In the acute uveitic stage of VKH, disease 
choroiditis may cause papillitis, which is similar 
in appearance to optic neuritis  [  10  ] . Vogt–
Koyanagi–Harada disease should be considered 
in the differential diagnosis of bilateral optic disk 
swelling, even in the absence of the characteristic 
extraocular manifestations of this disease. This is 
particularly true when the neuroimaging studies 
reveal no abnormality and when CSF analysis 
does not show pleocytosis. In such cases, 
 fl uorescein angiography of the retina is highly 
useful in the diagnosis of VKH disease  [  10  ] . 

   Sympathetic Ophthalmia 

    It should always be considered, even though in 
most of these cases there is a previous history of 
ocular trauma penetrating (injury or surgical) or 
not penetrating (cyclocryotherapy, helium and 
proton YAG laser) in the contralateral eye. 

 Clinical signs are similar to those  fi ndings in 
VKH. In sympathetic ophthalmia (OS), granu-
lomatous in fl ammation of the anterior segment is 
more common. Patients also have disk edema and 
hyperemia, choroidal thickening, and serous retinal 
detachments. Dalen-Fuchs nodules similar to the 
nummular lesions seen in VKH are frequently 
observed  [  63  ] .  

   Primary Intraocular B-Cell Lymphoma 

 This disease must be suspected in patients older 
than 60 years, when there is a bilateral chronic 
uveitis associated with neurologic signs and 
symptoms. In general, lymphomas arising from 
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visceral organs tend to involve the uvea, in contrast 
with CNS lymphomas which affect vitreous, 
retina, and subretinal and sub-RPE areas  [  21  ] . 
On ophthalmologic examination, a multifocal, 
raised, lobulated, yellowish, subretinal, and sub-
RPE lesion that involves the posterior pole is 
observed; it can be associated with satellite 
lesions, which may mimic Dalen-Fuchs nodules.  

   Posterior Scleritis 

 Posterior scleritis may present with decreased 
visual acuity and serous retinal detachment and 
pain with eye movements may be referred; it is 
usually unilateral. Clinical examination discloses 
the presence of a circumscribed mass, choroidal 
folds, retinal striae, choroidal and/or retinal 
detachment, and papillitis. When orbitary 
involvement is present, proptosis, palpebral 
edema or retraction, diploplia, and even ptosis 
can be seen. Ultrasound reveals  fl attening of the 
posterior aspect of the globe, retrobulbar edema, 
and high internal re fl ectivity of the thickened 
sclera  [  110  ] . In 45% of cases, a systemic disease 
is the cause of this entity, including systemic 
lupus erythematosus, rheumatoid arthritis, gout, 
and giant cell arteritis.  

   Acute Posterior Multifocal Placoid 
Pigment Epitheliopathy (APMPPE) 

 Patients develop sudden loss of central vision 
after a viral prodrome. Clinically, multiple white-
yellow  fl at-to-placoid lesions at the level of the 
RPE with minimal to no vitreous in fl ammation 
are seen. They resolve spontaneously and rap-
idly; VA returns to normal. On FA, lesions show 
early blocking of choroidal  fl uorescence, fol-
lowed by late staining of the lesions  [  63  ] .  

   Multiple Evanescent White Dot 
Syndrome (MEWDS) 

 It is a unilateral disease that affects young women 
and is characterized by a sudden drop in vision to 

the 20/200 range, often with an afferent pupillary 
defect. Clinically, multiple, small, and white 
lesions within vascular arcades are seen; some-
times a few vitreous cells can be found. It is self-
limiting, and VA returns to normal within a few 
weeks. FA reveals multiple “wreath-like” areas 
of hyper fl uorescence around the periphery of 
each of the white dots that  fi ll in centrally in the 
late phases of the angiogram; staining of the optic 
disk and occasional perivascular sheathing may 
be observed  [  111  ] .  

   Uveal Effusion Syndrome 

 It is a bilateral asymmetric disease; eye examina-
tion reveals a subacute serous retinal detachment 
that progresses slowly. It is associated with mini-
mal intraocular in fl ammation, and sometimes a 
choroidal detachment can be found. Males 
between 34 and 66 years are more frequently 
affected. FA and ultrasound may mimic VKH. 
FA shows numerous  fl uorescent patches in the 
subretinal space during the serous detachment 
phase; later pigment migration resulting in a mot-
tled  fl uorescence resembles the convalescent 
phase of VKH syndrome. These patients do not 
respond to corticosteroid treatment, and retinal 
detachment may become total and permanent 
 [  70,   112  ] .  

   Sarcoidosis 

 Forty to  fi fty percent of patients with sarcoidosis 
develop ocular in fl ammation  [  113  ] . A bilateral, 
asymmetric, chronic granulomatous uveitis is 
observed  [  114  ] . Patients may present with menin-
goencephalitis in 5% of the cases; neurologic 
signs are focal, including cranial nerve palsies, 
peripheral neuropathies, and aseptic meningitis. 
Classical retinal signs of vasculitis are venous 
sheathing and candle wax drippings. CSF, CT, 
and MRI are useful in making the diagnosis 
 [  115  ] . Serum angiotensin converting enzyme 
level and lysozyme may be helpful; diagnosis is 
con fi rmed with a biopsy of the suspected granu-
lomatous tissue  [  113  ] .  
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   Lyme Disease 

 Exudative retinal detachment has been described 
in these patients, as well as neuro-ophthalmic 
involvement that manifests as cranial neuropa-
thies of the II, III, IV, VI, and VII cranial nerves 
and optic neuritis  [  116  ] . It is caused by a spiro-
chete,  Borrelia burgdorferi . Diagnosis is based 
on exposure, a skin rash, positive serologic test 
for  B. burgdorferi , IgM in early stages, or high 
titers of IgG in later phases (after 4 weeks of 
onset). Sometimes lymphadenopathy is present 
 [  117,   119  ] . 

 Other causes of serous retinal detachment 
should be included such as lupus erythematosus 
choroiditis, bilateral diffuse melanocytic hyper-
plasia, toxemia of pregnancy, and renal disease 
associated with anasarca  [  63  ] .   

   Treatment 

 The goal of treatment for VKH is to suppress the 
active intraocular in fl ammation and prevent 
potential visual impairment  [  45  ] . The standard 
initial treatment for VKH is early, aggressive cor-
ticotherapy. Dosing regimens range from 1 to 
2 mg/kg/day, with a slow tapering over 6 months. 
This has been shown to improve the prognosis by 
reducing length of disease and incidence of 
chronic phase and decreasing extraocular mani-
festations of VKH  [  62,   119  ] . 

 Some authors  [  120,   121  ]  analyzed the results 
of initial therapy with high-dose pulse intrave-
nous (IV) corticosteroid in all patients. The 
authors found almost complete resolution of 
serous retinal detachment by day 7. These results 
suggest that IV corticosteroid may restore the 
permeability of chorioretinal vessels. Kitaichi 
et al. divided steroid treatment before 13 days 
and after 14 days of disease onset. The “early” 
group received systemic steroids for 10.9 months 
versus the “late” group who were treated for a 
mean of 24.2 months. Visual outcome was good 
in both groups  [  122  ] . Ohno et al. reported that 
patients who received systemic corticotherapy in 
the  fi rst 30 days of the disease had less multisys-
tem involvement  [  123  ] . Recently, Jap et al. 

reported that the extent of pigmentary changes in 
VKH patients seemed to depend on the amount 
of corticosteroids received during the acute phase 
of the disease  [  101  ] . If patients were given an ini-
tial high dose of corticosteroid, this may preserve 
more melanocytes and may reduce the extent of 
pigmentary damage  [  124  ] . 

 Even with appropriate treatment with steroid 
therapy, many patients experience recurrences 
and associated complications. For that reason, 
nonsteroidal immunosuppressive therapy (IMT) 
has been considered important in the treatment of 
VKH. The American Uveitis Society concluded 
that IMT is required to control the in fl ammation 
 [  125,   126  ] . The International Uveitis Study 
Group consensus panel included VKH in the 
group of diseases in which IMT treatment is 
“mandatory.” However, until now the bene fi t of 
early nonsteroidal immunosuppressive treatment 
versus classic high-dose systemic corticosteroid 
treatment has not been clearly demonstrated. Rao 
has advocated the use immunomodulatory agents 
in chronic disease and chronic recurrent phases 
of VKH  [  127  ] . Paredes et al. analyzed visual out-
comes in 13 patients who received steroids alone/
delayed IMT or early initiation IMT. Of the  fi rst 
group, three of  fi ve patients had deterioration of 
VA and one showed improvement. In group 2, 
seven of the eight patients showed improvement, 
but the author did not describe in what stage of 
the disease patients were when treated  [  126  ] . 
Anterior segment in fl ammation is treated with 
topical steroid drops  [  87  ] . 

 Cytostatic and cytotoxic agents such as 
cyclosporine, azathioprine, cyclophosphamide, 
chlorambucil, or mycophenolate mofetil have 
been used successfully in the treatment of VKH 
 [  63,   128–  131  ] . Kim and Yu evaluated outcomes 
of azathioprine at low doses. They showed good 
results in 86.5–90% in the acute uveitic and 
chronic recurrent groups, respectively. They also 
showed that azathioprine may show superior out-
come with less cumulative corticosteroid dose 
and that in patients with azathioprine most eyes 
without macular pathology or severe cataract 
showed good visual outcomes; visual prognosis 
mainly depended on the presence of complica-
tions  [  131  ] . Agarwal et al. used triple agent IMT 



368 M. de Lourdes Arellanes-García et al.

in patients that failed to respond to high-dose 
corticosteroid or were intolerant. They used aza-
thioprine, cyclosporine, and steroids. Patients 
had a rapid resolution of retinal detachment with 
improvement of VA. They consider using    this 
regimen early in the course of the disease before 
the development of any visually threatening 
complication of chronic in fl ammation to avoid 
prolonged steroid use  [  132  ] . 

 In fl iximab and daclizumab have been used 
successfully in some VKH patients  [  95,   133  ] . 
Intravenous immunoglobulin has been used in a 
case report were the patients were resistant and 
intolerant to long-term steroid therapy  [  134  ] . 

 Sub-Tenon’s    corticosteroid injection has been 
used, which may be repeated several times; in 
many patients, clinical improvement may be 
seen faster. They are associated with a high 
risk of increased intraocular pressure and with an 
earlier development of cataract; so patients must 
be carefully monitored  [  135  ] . Triamcinolone 
acetonide and phosphate/acetate of betametha-
sone are some of the corticosteroids that are 
frequently used. 

 The use of intravitreal triamcinolone provides 
a short-term improvement in visual acuity and 
faster resolution of serous retinal detachment in 
the acute stage of the disease. Andrade and 
coworkers used 4-mg intravitreal triamcinolone 
acetonide injection in two eyes with VKH. They 
used this regimen because of the severity of the 
serous retinal detachment and because patients 
failed to respond to standard treatment  [  136  ] . 
Moreker et al. used the same dose of intravitreal 
triamcinolone in two injections at 3-month inter-
vals; in these patients, oral corticosteroid treat-
ment was shorter than usual  [  137  ] . Read et al. on 
a multicenter retrospective study compared the 
effect on outcomes of the route of administration 
of corticosteroids in acute VKH disease. They 
gave treatment either orally or intravenous fol-
lowed by an oral taper. They did not  fi nd differ-
ences in  fi nal VA or on the development of 
visually signi fi cant complications between both 
groups  [  138  ] . 

 In children, the use of combined methotrexate 
and steroids has been advocated because of the 
higher risk of developing complications such as 

RPE alterations, glaucoma, cataract, and subretinal 
neovascular membrane  [  15  ] . 

 During pregnancy, immune function and 
severity of in fl ammation are in fl uenced by the 
stage of pregnancy. Miyata et al. reported three 
patients in second trimester in which in fl ammation 
disappeared after treatment with steroids and did 
not recur. They did not have undesirable side 
effects  [  139  ] .  

   Complications 

 Complications include cataract, glaucoma, chor-
oidal neovascular membrane (CNVM), and sub-
retinal  fi brosis; they have been reported in at least 
51% of affected eyes  [  21  ] . Several factors such as 
duration of disease and number of recurrences 
are associated with a higher risk of developing 
complications. 

 Cataract is the most common complication; it 
has been reported in 10–42% of cases and has 
been considered as the major cause of visual loss 
in 25% of patients  [  65,   140–  143  ] . Severe 
in fl ammation and prolonged corticosteroid 
therapy are risk factors to develop this complica-
tion. In most cases, a posterior subcapsular 
cataract develops  [  119  ] . In eyes without active 
in fl ammation for at least 3 months, cataract sur-
gery can be performed with relative safety and 
success if a strict perioperative control of 
in fl ammation is obtained and a trained and skill-
ful surgeon is in charge. Common dif fi culties in 
these cases are presence of pupillary membranes, 
posterior synechiae, and small pupils. Ganesh 
et al. reported improvement of VA in 80% of their 
cases, although  fi nal visual outcome depends on 
posterior segment complications  [  143  ] . 

 Glaucoma is reported in ranges from 6% to 
45%  [  21,   119,   140  ] . Two forms have been 
reported, angle-closure glaucoma and open-angle 
glaucoma, and some may be related to the steroid 
therapy. Ocular hypertension that needs medical 
or surgical treatment is seen in one-third of 
patients with VKH. 

 Choroidal neovascular membranes (CNVM) 
are reported from 2.5% to 15% of affected eyes 
 [  21,   23,   65  ] . They must be suspected if there is 
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subretinal hemorrhage or exudate, and FA or ICG 
shows early and progressive leakage from sub-
retinal vessels. VA alteration depends on CNVM 
localization. Treatment modalities include laser 
photocoagulation, surgical excision, systemic 
corticosteroid with or without immunosuppres-
sors, intravitreal triamcinolone combined with 
photodynamic therapy (PDT), and PDT alone 
 [  144–  149  ] . Treatment with bevacizumab alone or 
with laser photocoagulation has good results and 
leads to a fast resolution of both subretinal and 
intraretinal  fl uid with a concomitant improve-
ment in VA. Final VA depends on CNVM local-
ization, previous subretinal  fi brosis, and 
cicatrization of CNVM (Fig.  19.8 )  [  150,   151  ] .  

 Subretinal  fi brosis is found in 6–40% of cases 
 [  21,   152,   153  ] . Localization can be extrafoveal, 
juxtafoveal, subfoveal, and peripapillary. Patients 
with macular involvement have a poor VA  [  152  ] . 
Stenberg and coworkers suggested that retinal 
pigment epithelial migration and proliferation 
could lead to subretinal  fi brosis in cases with 

chronic exudative retinal detachment  [  154  ] . 
In fl ammatory cells have a major in fl uence in the 
formation of subretinal  fi brosis.  

   Prognosis 

 Final VA depends on age at onset of disease, ini-
tial VA, ethnicity, duration of disease, initial 
treatment, number of recurrences, and associated 
complications  [  21  ] . Final outcomes for VKH dis-
ease seem to depend also on long-term treatment 
strategies. To date, long-term management of 
VKH disease is not clearly de fi ned and varies 
across centers and cases, including the dose of 
oral corticosteroids after the initial ( fi rst week) 
high-dose intravenous corticosteroid treatment, 
the tapering protocol, and the suitability of con-
comitant immunosuppressive therapy. There is 
evidence that submaximal treatment during the 
postacute period of VKH disease is associated 
with persistent choroidal in fl ammation, despite 

  Fig. 19.8    Clinical picture of neovascular choroidal 
membrane and optical coherence tomograms. ( a ) In active 
phase, showing thickening with a small amount of retinal 

 fl uid. ( b ) After intravitreal bevacizumab application, RPE 
band in the choroidal neovascular membrane is no longer 
discontinuous       
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apparent clinical control. On the other hand, 
suf fi cient high-dose postacute therapy completely 
suppressed choroidal in fl ammatory disease 
within 2–4 months  [  155  ] . 

 Since the use of systemic steroids, visual out-
come has improved dramatically. Bykhovskaya 
et al. suggest that treatment with oral steroids 
reduced the risk of subretinal neovascularization or 
 fi brosis by 82% and of VA loss (less than 20/200) 
in the better-seeing eye by 67%. In addition, these 
authors suggested that the use of immunosuppres-
sive drug therapy was associated with a risk reduc-
tion of 67% for vision loss to 20/50 or worse in 
better-seeing eyes and of 92% for vision loss to 
20/200 or worse in better-seeing eyes  [  156  ] . 

 Rubsamen and Gass detailed three factors that 
are predictive of poor visual outcome: (1) increas-
ing age at the onset of in fl ammation, (2) chronic 
ocular in fl ammation requiring long-term treat-
ment with corticosteroids, and (3) subretinal neo-
vascular membranes  [  119  ] . 

 There is a strong association between greater 
number of cumulative complications and worse 
 fi nal VA. In 74% of eyes with no complications, 
a VA of 20/40 or better was achieved. On the 
other hand, patients with three complications had 
a  fi nal VA of 20/200 or worse. Eyes with better 
 fi nal VA had fewer recurrences than those with a 
worse  fi nal VA  [  21  ] . 

 In children, prognosis is very different from 
adults and within the different series. Ohno and 
associates reported that the younger the age at 
disease onset, the worse the  fi nal VA  [  141  ] . 
Tabbara et al. found a  fi nal VA of 20/200 or worse 
in 61% of their pediatric patients  [  16  ] . On the 
other hand, Rathinam and associates reported a 
 fi nal VA of 20/40 or better in 75% of their 
patients; 25% achieved 20/200 or worse  [  17  ] . In 
Read and associates’ series, 85% of patients had 
a  fi nal VA of 20/40  [  21  ] . Read and coworkers 
concluded that 50% of eyes with low VA at pre-
sentation (but without preexisting complications) 
were more likely to develop at least one compli-
cation. Same results were found by Ohno et al. 
 [  141  ] . This may be explained because a more 
severe disease initially will decrease VA faster. 
Rubsamen and Gass found no correlation between 
initial and  fi nal VA  [  119  ] . 

 Duration of disease has not been proved to be 
a predictor of  fi nal VA  [  21  ] . Al-Kharashi et al. 
concluded that the development of extraocular 
manifestations was signi fi cantly associated with 
a worse  fi nal visual acuity, the development of 
glaucoma, and a greater number of recurrent epi-
sodes of in fl ammation  [  157  ] . Our group studied 
the relation among the presence of extraocular 
manifestations at the prodromic stage, the sever-
ity of ocular disease, frequency of extraocular 
manifestations at the convalescent stage, and fre-
quency of complications. One hundred patients 
were included: 55 were in the uveitic stage, 14 in 
convalescence phase, and 31 in the recurrence 
stage at admittance. A higher frequency of retinal 
 fi brosis was found in patients without extraocular 
manifestations and in those that presented 
extraocular manifestations in the prodromic 
stage; glaucoma was more frequently observed in 
patients with extraocular manifestations in the 
prodromic phase than in those patients with prob-
able VKH (without extraocular manifestations). 
Few patients that presented with serous retinal 
detachment developed extraocular manifestations 
in the convalescent stage; this may be explained 
because patients with a more severe disease may 
seek medical treatment earlier and aggressive 
treatment may then diminish the frequency of 
integumentary manifestations. We failed to dem-
onstrate a clear prognostic value of the extraocu-
lar manifestations in this group of 100 
Vogt–Koyanagi–Harada patients, although con-
valescent manifestations are associated with a 
worst  fi nal visual outcome  [  158  ] .  

   Controversies and Perspectives 

 VKH has been classi fi ed as complete, incom-
plete, or probable, depending on the presence or 
absence of extraocular manifestations. However, 
some Japanese authors only accept the diagnosis 
VKH in the complete and incomplete forms. In 
those classi fi ed as probable, they suggest to per-
form lumbar puncture or audiometric test to 
con fi rm the diagnosis. 

 Nowadays, during the uveitic acute phase of 
VKH, treatment of choice is high-dose, systemic 
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corticosteroids (methylprednisolone 1 g a day for 
3 days administered intravenously or prednisone 
1 mg/kg/day orally). Some groups    have suggested 
to associate other immunosuppressors in this 
stage of treatment; however, most authors include 
other immunosuppressors only in the uveitic sub-
acute or chronic phases when there is no good 
response to corticotherapy and when patient 
becomes dependent on corticosteroids or on cor-
ticosteroid sparing therapy. 

 In children, due to late diagnosis, poor visual 
outcome, and frequent adverse side effects of 
high-dose corticosteroid treatment, other immu-
nosuppressors should be used from the 
beginning. 

 Traditionally, VKH recurrence phase was con-
sidered to affect only the anterior segment of the 
eye; widespread use of ICG has demonstrated 
that choroid is frequently involved. Efforts are 
now being made to  fi nd out how to decrease the 
frequency of recurrent posterior pole 
in fl ammation, which is commonly associated 
with more complications.  

   Focal Points 

    VKH is a frequent bilateral panuveitis in pig-• 
mented races of Mongolian ancestry.  
  Even though its mechanism is not well known, • 
an autoimmune response causes intraocular 
in fl ammation; therefore, immunosuppressive 
therapy should be used.  
  Ophthalmological clinical  fi ndings include • 
severe bilateral iridocyclitis, serous retinal 
detachment, diffuse choroidal edema, and optic 
disk hyperemia. Vitritis is mild in most cases.  
  Extraocular manifestations are seen in more • 
than 60% of patients and include central ner-
vous system alterations (headache, meningis-
mus, skin/scalp hypersensibility, and 
occasionally focal neurologic signs) and audi-
tory manifestations (tinnitus, hearing loss, and 
vertigo) in the prodromic stage. Dermatologic 
signs like alopecia, poliosis, and vitiligo are 
seen in the convalescent phase.  
  Acute uveitic stage starts with a sudden drop • 
of vision. In most cases, both eyes are affected 

at the same time; less frequently one eye is 
initially involved followed by the second eye 
in less than a week. At this point aggressive 
treatment with systemic corticosteroids is the 
treatment of choice and an important prognos-
tic factor.  
  Differential diagnosis is made with a variety • 
of systemic and ocular diseases. A systemic 
physical exam and blood workup to rule out 
systemic disease and malignancy should 
always be performed.  
  Complications are several and vary through-• 
out the disease. Most common are cataracts, 
glaucoma, subretinal neovascularization, and 
subretinal  fi brosis.         
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   Introduction 

 The  fi rst description of the Marfan syndrome was 
probably given by E. Williams, an ophthalmolo-
gist, in 1875  [  1  ] . He described two families who 

presented with dislocated lens and pupil, retinal 
detachment, and generalized loose-jointedness. 
In 1896, Marfan, a French pediatrician, reported 
on a 5-year-old child with long, thin extremities 
 [  2  ] . After being named “dolichostenomelia” and 
“arachnodactyly,” the name Marfan syndrome 
was coined only in 1931  [  3  ] . In 1943, cardiovas-
cular abnormalities were recognized as part of 
the syndrome with aortic dilatation, dissecting 
aortic aneurysm, and  fl oppy mitral valve as major 
complications  [  4,   5  ] . In 1990, the role of  fi brillin 
in the pathogenesis was demonstrated  [  6  ] . 

 Marfan syndrome is the second most common 
inherited connective tissue disorder after osteo-
genesis imperfecta  [  7  ] . Its incidence is estimated 
between 1 in 5,000 and 1 in 20,000, but the 
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 syndrome may be underdiagnosed due to its great 
variability  [  8–  10  ] . 

    The life expectancy of Marfan patients by 
1972 was markedly shortened and the mean age 
was 32 years, with most deaths being due to car-
diovascular causes  [  11  ] . Life expectancy by 1993 
was increased by >25% and the prognosis of 
 surgically treated patients was signi fi cantly 
improved  [  12  ] . 

 Ocular involvement is frequent and accounts 
for a part of the major and minor diagnostic crite-
ria for Marfan syndrome  [  13  ] . Almost every ocu-
lar structure can be involved. Forty-one percent 
of patients with Marfan syndrome are initially 
seen with ocular pathology and diagnosed by an 
ophthalmologist  [  14  ] . This number stresses the 
importance of alertness of the ophthalmologist 
when examining patients with suspicious 
 fi ndings—especially in light of improved surgi-
cal options and prophylaxis promising better 
chances in preservation of sight in Marfan 
patients.  

   General 

   Genetics 

 Marfan syndrome is inherited in an autosomal 
dominant manner with almost complete pene-
trance  [  3  ] . About one-fourth of patients with 
Marfan syndrome do have unaffected parents; 
i.e., the syndrome is caused by sporadic muta-
tions  [  9  ] .The majority of cases are induced by a 
mutation of the gene  fi brillin 1 (FBN 1) on chro-
mosome 15, q21.1 locus  [  15,   16  ] . The glycopro-
tein FBN 1 is a main component of the 
extracellular micro fi brils. In Marfan syndrome, 
its integration into the matrix of connective tissue 
is impaired  [  6,   17,   18  ] . Most of the mutations 
found are unique to a patient or family. Altogether, 
more than 500 mutations of the FBN1 gene are 
known  [  19  ] . 

 Beyond the structural function of micro fi brils, 
they play a role in the regulation of cytokines 
 [  20  ] . The homology between FBN 1 and trans-
forming growth factor- b (beta) (TGF- b )-binding 
proteins gave rise to the hypothesis that 

micro fi brils are involved in the regulation of 
TGF- b (beta) activation. Indeed, recently a muta-
tion of a further gene was discovered causing 
inactivation of the TGF- b (beta) receptor 2 
(TGFBR2)  [  21  ] . This defect seems to end in a 
 fi nal common pathway for the development of 
the Marfan phenotype.  

   Pathogenesis 

 Elastic  fi bers are bundles of proteins found in the 
extracellular matrix of connective tissue, allow-
ing its stretching and expansion. Those  fi bers are 
composed of an elastin core and surrounding 
micro fi brils. As explained previously, FBN1 is a 
main component of the micro fi brils, and a muta-
tion of its gene is principally responsible for the 
pathology in Marfan syndrome. Still, more and 
more proteins containing pathological micro fi brils 
others than FBN1 have been found, leading to the 
term  micro fi brillopathy   [  22  ] . 

   Ocular Pathology 
 As mentioned, almost every part of the eye can be 
involved in Marfan syndrome. Pathology studies 
were described as early as 1940 and thereafter. 
A consistent  fi nding is the increased axial length 
of the globe in affected patients. Remarkably, 
Maumenee found a signi fi cantly higher axial 
length in patients with dislocated lens compared 
to patients without dislocation  [  23  ] . The cornea is 
typically  fl at with decreased K and corneal thin-
ning when measured by pachymetry. The main 
cause for corneal  fl attening seems to be an aber-
ration of the cornea itself due to  fi brillin gene 
mutations in combination with scleral thinning. 
A megalocornea may exist as well  [  24  ] . 

 Dvorak-Theobald described an increased dis-
tance of the insertion of the rectus muscles from 
the limbus in a 27-month-old child, along with an 
enlarged globe  [  25  ] . 

 The anterior chamber angle is typically wide 
open with an immature ciliary body, a broad tra-
becular meshwork, and displacement of 
Schlemm’s canal  [  26  ] . The sphincter and dilator 
muscle of the iris are usually underdeveloped, 
causing eccentric pupil and poor mydriasis  [  23  ] . 
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The iris itself shows a decreased number of 
 circumferential folds and iridodonesis in cases 
of lens subluxation  [  27  ] . The sclera is thin. 

 There is little information available regarding 
the vitreous in Marfan syndrome. A frequent 
 fi nding is liquefaction of the central and posterior 
vitreous. Evidently, in areas of lattice degenera-
tion, the vitreous may be abnormally attached. 

 Strabismus is a frequent  fi nding in Marfan 
patients, caused, among others, by abnormal con-
nective tissue laxity due to missing  fi brillin in the 
pulley. Consequentially, the rate of amblyopia is 
high (additionally increased by ametropia as well 
as axial changes). 

   Lens 
 The zonules and lens capsule in the healthy eye 
are rich in  fi brillin, which is secreted by the non-
pigmented epithelium of the ciliary body  [  28  ] . It 
stands to reason that alterations of  fi brillin 
in fl uence the lens development. In fact, capsular 
 fi bers and zonular  fi brils are abnormal in size and 
structure in Marfan patients. The zonular  fi bers 
adjacent to the lens are few in number, and at 
times the lens capsule is almost devoid of zonules. 
Instead of radial bunches of  fi brillin  fi bers, disor-
ganized  fi brillin-positive fragments are found dis-
persed on the anterior capsule  [  29  ] . Additionally, 
the  fi bers are weakened toward the lens capsule. 

 In most cases, the lens has normal size and 
shape, but microspherophakic lenses can be 
found, characterized by small size and spherical 
con fi guration with increased anteroposterior 
thickness  [  23  ] .  

   Retina 
 The healthy retina contains  fi brillin in the vessel 
walls only  [  30  ] . The eye in Marfan syndrome is 
in many ways similar to an eye with axial myo-
pia. The peripheral retina shows myopic degen-
erative changes, lattice degeneration, atrophic 
holes, chorioretinal pigment proliferation, white 
without pressure, and vitreous traction syn-
dromes. The choroid is mostly thin and the ante-
rior retina stretched. Retinal breaks and scleral 
crescents can be seen. Though sharing many sim-
ilar  fi ndings with myopia, in the observations of 
Maumenee, there was no Fuchs’ spot present 

 [  23  ] . Furthermore, there was no posterior staphy-
loma seen in any patient. According to older pub-
lications, it seems that the macula is normally 
developed  [  31  ] .    

   Lens Subluxation 

 Lenticular abnormalities are the most common 
ocular feature present in patients with Marfan 
syndrome; among them, ectopia lentis is the most 
frequent problem, with microspherophakia and 
lens opacities being less common. 

 In general, most cases of lens subluxation 
overall are caused by trauma. Among the herita-
ble dislocations that are associated with skeletal 
dysplasias, Marfan syndrome is the most com-
mon one. 

   Clinical Findings 
 Lens subluxation occurs in about 60% of patients 
with Marfan syndrome  [  23  ] , half of them bilat-
eral and symmetric, presenting in early childhood 
(Figs.  20.1  and  20.2 )  [  32  ] . Subluxation remains 
mostly stable since childhood; only 7.5% of all 
patients progress with increasing age until com-
plete luxation.   

 Symptoms include decreased vision and mon-
ocular diplopia. Apart from lens dislocation, oph-
thalmologic examination may reveal iridodonesis 
and irregular astigmatism. Cross et al. found a 

  Fig. 20.1    Superotemporal subluxation of crystalline lens 
in a patient with Marfan syndrome. Note sparse zonular 
 fi bers       
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superotemporal direction of dislocation in 67% 
of all cases; dislocations into the vitreous or ante-
rior chamber were rare  [  31  ] . Another relative 
common feature is a backward dislocation of the 
lens, causing a gap between the pupillary border 
of the iris and the anterior lens surface  [  23  ] .  

   Pathogenesis 
 Lens subluxation occurs due to an asymmetrical 
excess of laxity in zonular  fi bers. In the presence 
of dislocation, the zonules are stretched. In cases 
of localized stretching, the edge of the lens can be 
notched (   pseudo lens coloboma). 

 The subluxation causes anterior shift of the 
lens/iris diaphragm and thus anterior displace-
ment of the focal point of the eye. This leads to 
myopic shift, which is aggravated by thickening 
of the lens, bringing along an increased refractive 
power  [  33  ] .  

   Differential Diagnosis 
 Several systemic conditions can be associated 
with lens subluxation (Table  20.1 ). The most 
important one to be differentiated from Marfan 
syndrome is surely homocystinuria. In this syn-
drome, affected patients present with similar 
marfanoid skeletal features and cardiovascular 
abnormalities. After the age of 5 years, myopia is 
rapidly developing; lens dislocation is usually 
downward—atypical for Marfan syndrome. 
Histologic examination shows de fi ciency of 

zonular  fi bers adjacent to the lens and atrophy of 
the ciliary body  [  34  ] . This differential diagnosis 
should be considered in patients with negative 
family history. The diagnosis is made by labora-
tory testing.  

 Weill-Marchesani syndrome can come along 
with ectopia lentis as well. The typical presenta-
tion is with shallow anterior chamber and micro-
spherophakia, complicated by papillary block 
glaucoma. 

 Rare conditions associated with lens sublux-
ation are hyperlysinemia, sul fi te oxidase de fi ciency, 
and isolated familial ectopia lentis.  

   Treatment 
 Mild stable subluxation may be corrected by 
glasses or contact lenses. But progressive disloca-
tion, worsening cataract, or development of glau-
coma might necessitate surgical intervention. 

 In the past, surgical removal was not an 
accepted method due to severe and frequent com-
plications as postoperative retinal detachment 
 [  35  ] . Alternative treatment strategies as periph-
eral iridectomy and photocoagulation of the iris 
provided only slight visual improvement and did 
not treat lens-associated complications  [  36  ] . The 
introduction of modern operative technique and 
instruments signi fi cantly decreased the rate of 
retinal detachment by avoiding vitreous incar-
ceration and removing vitreoretinal adhesions. 

  Fig. 20.2    Superonasal subluxation of crystalline lens in 
another patient with Marfan syndrome. A single inferior 
zonular bundle is still intact       

   Table 20.1    Ectopia lentis—differential diagnosis   

  Genetic  
    With systemic manifestation  

   Marfan syndrome 
   Homocystinuria 
   Weill-Marchesani syndrome 
   Sul fi te oxidase de fi ciency 
   Hyperlysinemia 

    Isolated  
   Simple ectopia lentis (congenital/delayed) 
   Ectopia lentis et pupillae 
   Aniridia 
   Megalocornea 

  Nongenetic  
   Trauma 
   Lues 
   Persistent hyperplastic 
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 Accepted indications for surgical treatment 
include luxation of the lens into the anterior 
chamber or into the vitreous, progressive sublux-
ation accompanied by worsening visual acuity or 
uncorrectable refractive changes, and prevention 
of amblyopia. 

 In the past, according to the patient’s age and 
the surgeon’s experience, lensectomy was per-
formed using a limbal or pars plana access or by 
vitrectomy—leaving the patient aphakic  [  37,   38  ] . 
   In 1979, it was Peyman et al. who reported on 32 
cases of lens subluxation and dislocation due to 
several causes, two of which were secondary to 
Marfan syndrome  [  39  ] . The lens was removed by 
a vitrectomy using a pars plana access, achieving 
signi fi cant visual improvement. 

 In 1996, Halpert et al. presented a group of 59 
eyes that underwent pars plana lensectomy com-
bined with anterior vitrectomy  [  40  ] . The long-
term follow-up results were encouraging: 84% 
reached a postoperative visual acuity better than 
20/40. Retinal detachment occurred in 1 out of 18 
eyes, which completed more than 11 years of 
follow-up. More recently, the same group pub-
lished 38 eyes with hereditary lens subluxation 
(22 of them due to Marfan syndrome) that under-
went within-the-bag lensectomy with similar 
results  [  41  ] . 

 Shortt et al. showed pars plana lensectomy to 
be safe in the management of ectopia lentis in 
children  [  42  ] . Seventy-seven percent reached a 
visual acuity of 6/9 and better. Thirteen out of 
24 cases were secondary to Marfan syndrome. 

 The issue of refractive correction of aphakia 
is another challenging problem in Marfan 
patients—especially in children for preventing 
amblyopia. Glasses or contact lenses can present 
a nonsurgical solution, but aniseikonia, intoler-
ance, and noncompliance frequently limit their 
use. In those cases, secondary intraocular lens 
(IOL) placement can be chosen. Today, second-
ary IOL implantation is not the method of choice, 
although it still presents an option in prepuberty 
and high myopia. Hence, primary implantation 
of an IOL is desirable and has become the 
accepted treatment. 

 In cases of secondary IOL placement or in eyes 
without adequate capsular support, an anterior 

chamber IOL, scleral- fi xated IOL, or iris- fi xated 
posterior chamber IOL can be inserted. 

 Aspiotis described a series of seven eyes with 
subluxated lens due to Marfan syndrome that 
underwent lensectomy, anterior vitrectomy, and 
implantation of Artisan intraocular lens to the 
anterior chamber  [  43  ] . He achieved good refrac-
tive correction; all patients reached a visual acu-
ity better than 20/40. Minimal complications, 
nonsigni fi cant endothelial cell loss, and easy 
implantation were reported. 

 A review of the literature could not state the 
superiority of one lens type or  fi xation site in the 
capsular bag or ciliary sulcus  [  44  ] .   

   Retinal Detachment 

 Retinal detachment is the most serious ocular 
complication in Marfan syndrome. Marfan 
patients are predisposed to develop retinal detach-
ment; the incidence lies between 8% and 25.6% 
 [  23,   45  ] . It is more common in the younger age, 
with an average age of 22 years. 

   Clinical Findings 
 As discussed previously, the changes in eyes of 
patients with Marfan syndrome resemble myopic 
changes. Retinal holes and tears are frequent 
 fi ndings. The prevalence of giant retinal tears is 
signi fi cantly increased compared to the general 
population  [  46  ] . Retinal detachment is estimated 
to occur in about 10% of Marfan patients 
(Fig.  20.3 ). In the presence of a dislocated lens, 
the prevalence is signi fi cantly higher  [  23  ] . The 
rate of bilateral retinal detachment varies between 
different reports from 17.7% to 69%  [  47,   48  ] . 
Sharma et al. described anatomic  fi ndings of 53 
eyes with retinal detachment in Marfan patients 
and their surgical results: 71% had associated 
ectopia lentis; in three-thirds, retinal detachment 
was complete; and in half of the cases, prolifera-
tive vitreoretinopathy was present. The vast 
majority of retinal breaks were found in the tem-
poral half.  

 Poor mydriasis, lens opacities, and lens dislo-
cation can impair visualization and make retinal 
examination dif fi cult  [  49  ] .  
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   Pathogenesis 
 Myopia and increased axial length are evident 
risk factors for developing retinal tears. 
Furthermore, vitreous liquefaction is a frequent 
 fi nding in Marfan patients and involves the cen-
tral and posterior vitreous body. Posterior vitre-
ous detachment in absence of dehiscence at the 
vitreoretinal interface and abnormal vitreoretinal 
adhesions at the equator forward the development 
of large retinal tears by causing traction. 

 Ectopia lentis and zonular de fi ciency cause 
additional traction on the ora serrata, leading to 
small tears or holes in the retinal periphery. The 
high prevalence of retinal breaks in the temporal 
half could indeed be connected to the frequent 
direction of lens subluxation in the superior tem-
poral quadrant. Zonules de fi ciency in the lower 
nasal quadrant may cause free movement of vit-
reous, resulting in traction on the opposite site, 
hereby producing more breaks. 

 In fact, most of the patients with retinal detach-
ment have a subluxated lens. Retinal detachment 
in these cases has features resembling those of 
retinal detachment in aphakic and pseudophakic 
patients. 

 Cataract extraction and removal of sublux-
ated lens were shown to raise the risk of retinal 
detachment  [  23,   35  ] . As previously mentioned, 

vitreous loss and incarceration were frequent 
complications of earlier lens surgery and pre-
sented a major risk factor for developing reti-
nal detachment. Modern operation techniques 
and instruments signi fi cantly reduced this 
complication.  

   Therapy 
 Management of retinal detachment in Marfan 
patients is dif fi cult for several reasons: Multiple 
breaks in different meridians can be present. 
Surgery is complicated in these patients by young 
age, lattice degeneration, thin sclera, poorly dilat-
ing pupils, and possible ectopia lentis demanding 
high surgical skills. 

 Visual outcome was poor in the  fi rst reports of 
surgical repair. Almost half of the cases shown by 
Jarrett in 1967 ended with a visual acuity of no 
light perception; in the report of Maumenee, it 
was a third  [  23,   35  ] . Advancement of operative 
instruments and methods improved the visual and 
anatomic outcome during the last decades. 

 In 1993, Greco and Ambrosino showed suc-
cessful pars plana lensectomy and vitrectomy in 
 fi ve out of six eyes  [  50  ] . Dotrelova et al. reported 
18 eyes; retinal reattachment was achieved in 
89% of uncomplicated and in 56% of compli-
cated retinal detachments  [  51  ] . These results 
were comparable with the outcome in patients 
without Marfan syndrome. A part of those cases 
was managed without removal of the dislocated 
lens. 

 Abboud showed good long-term results with a 
75% reattachment rate after combined scleral 
buckling and vitrectomy  [  47  ] . Proliferative vitre-
oretinopathy was the main cause for failure of 
attachment. 

 In the previously cited study of Sharma et al., 
45% of the cases were treated by scleral buckle 
operation. The reattachment rate following the 
primary surgical intervention was 62%; eight 
eyes needed additional operative correction. The 
overall anatomical success in this group, includ-
ing reoperation, was 87.5%. The other group 
underwent pars plana vitrectomy with scleral 
buckle. The overall anatomical success in those 
cases was 86.2%. In half of the cases, the eye was 
 fi lled with air or gas, and in the other half, with 
silicone oil. In all phakic eyes that had  vitrectomy, 

  Fig. 20.3    A 15-year-old boy with high myopia, Marfan 
syndrome, and macula-off retinal detachment. Visual acu-
ity was 20/200 (Courtesy of Manuel Diaz-LLopis, M.D. 
and Roberto Gallego-Pinazo, M.D.)       
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the lens was removed. Besides facilitating intra-
operative maneuvers, performing lensectomy 
also improved intraoperative visualization, par-
ticularly during  fl uid-gas exchange. 

 Loewenstein et al. described postsurgical 
 fi ndings in Marfan patients with retinal detach-
ment; one of the two groups reported was oper-
ated several years earlier  [  52  ] . In the recent 
group, there was no signi fi cant difference 
between phakic and aphakic or pseudophakic 
eyes. However, in the earlier group, the results 
for aphakic and pseudophakic eyes were consid-
erably worse than for phakic eyes. Only 29% had 
a  fl at retina and 71% had a  fi nal visual acuity of 
no light perception. 

 Lee et al. reported 13 cases of retinal detach-
ment  [  53  ] . Ten eyes underwent scleral buckle 
with successful retinal attachment in all; one 
patient was additionally managed with a radial 
plomb. The remaining three patients underwent 
pars plana vitrectomy with scleral buckle com-
bined with lensectomy due to posterior disloca-
tion of lens or number and location of breaks. 
Anatomic success was achieved in all cases. 
Seven eyes had a best-corrected visual acuity 
(BCVA) better than 20/40 six months after 
surgery. 

 A case of scleral buckle erosion in a Marfan 
patient was described, which was promoted by 
thin and abnormal sclera  [  54  ] . 

 Choosing the adequate surgical procedure 
depends on several factors. Preoperatively, the 
complexity of the detachment and the status of 
the vitreous and the lens have to be evaluated 
thoroughly. Scleral buckling can be recom-
mended as a primary surgical procedure if there 
is no lens opacity and only minimal lens dis-
placement interfering with the fundus details. 
Retinal breaks should be located at or anterior to 
the equator  [  51  ] . Patients who have undergone 
lensectomy prior to the detachment can often be 
managed with scleral buckling. In cases of failed 
scleral buckling, proliferative vitreoretinopathy, 
giant retinal tears, posterior dislocation of lens, 
and inadequate visualization of the fundus 
periphery because of dislocated lens or cataract, 
vitreous surgery is necessary. According to the 
circumstances, vitrectomy should be combined 
with lens removal as discussed previously. 

Per fl uorocarbon is commonly used for reattach-
ing the retina and additionally helpful in retriev-
ing a posteriorly dislocated lens. Vitrectomy is 
usually performed in combination with scleral 
buckling in order to reduce anterior vitreous 
traction and hereby avoid recurrent detachment. 
Proliferative vitreoretinopathy has to be treated 
adequately. 

 As the rate of bilateral retinal detachment is 
high, thorough examination of the fellow eye on 
a regular basis is crucial. Prophylactic treatment 
of the fellow eye has been proposed, but its 
bene fi t has not been proven. 

 Furthermore, when planning surgery in Marfan 
patients, one should keep in mind cardiovascular 
problems, which raise the risk during general 
anesthesia.    

   Controversies and Perspectives 

 Of all the ocular complications in Marfan syn-
drome, retinal detachment continues to be the 
most severe and dif fi cult to manage. The coexist-
ing pathology in Marfan syndrome, namely, ecto-
pia lentis, can by itself cause serious visual 
impairment, but is also one of the predisposing 
factors for retinal detachment. Whereas former 
generations of ophthalmic surgeons had to deal 
with severe intra- and postoperative complica-
tions and poor visual outcome in Marfan patients, 
signi fi cant advancement and modern operative 
technologies and instruments signi fi cantly 
improved surgical prognosis with resultant higher 
potential for successful anatomic and visual 
results. Speci fi cally, the introduction and sophis-
tication of vitrectomy techniques has radically 
changed the treatment of retinal detachment and 
is accepted as standard of care for most cases. 

 Similarly, the fundamental controversy of 
whether to operate ectopia lentis in Marfan patients 
seems to be solved. Nowadays, lensectomy is 
established as the treatment of choice. Still, the 
optimal anatomic site for implantation of an 
intraocular lens is undetermined. Anterior chamber 
intraocular lenses can easily be used in the absence 
of capsular support but bear the risk of corneal 
endothelial loss, iris sphincter erosion, glaucoma, 
chronic in fl ammation, and hyphema. It should be 
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noted, however, that with modern open-loop ante-
rior chamber lenses, the safety aspect has improved. 
Still, many surgeons will prefer a scleral sutured 
intraocular lens in case of de fi cient capsular sup-
port because of its anatomic location in the poste-
rior chamber. Indeed, this type of intraocular lens is 
less irritating to the eye but requires high technical 
skills and is more time consuming. At last, iris-
sutured posterior chamber lenses are an option but 
require a normally developed anterior segment, and 
their implantation is as dif fi cult to perform as sutur-
ing to the sclera. Artisan lenses are a good option in 
children and adults with Marfan syndrome because 
of easy handling, less complications, and corneal 
endothelium safety. 

 Altogether, the prognosis for lens subluxation 
and retinal detachment in Marfan patients has 
enormously improved.  

   Focal Points 

    As for all congenital syndromes, early detec-• 
tion of suspicious  fi ndings and referral for sys-
temic workup are essential. Potential lethal 
systemic involvement points out the impor-
tance of alertness of the ophthalmologist. 
Suspect patients should be referred for full 
medical and orthopedic evaluation. First-grade 
relatives should be examined as well.  
  Prevention of amblyopia is one of the main goals. • 
Especially in children, the follow-up has to be 
close and includes complete ophthalmologic 
examination and repeated refraction measure-
ments. Refractive errors need to be corrected 
accurately. In case of uncorrectable aberrance, 
surgery should be considered in a timely manner.  
  Pars plana lensectomy is a safe and effective • 
way to treat ectopia lentis, providing good 
visual acuity and bearing a low incidence of 
complications.  
  Retinal detachment will be treated with pars • 
plana vitrectomy and gas or oil tamponade com-
bined with scleral buckling, in most of the cases.  
  The prognosis for Marfan patients has • 
 enormously improved during the last decades. 
Life expectancy and quality got better continu-
ally thanks to modern cardiac and vascular 

 surgery. Early detection of ocular pathology and 
appropriate treatment meliorated the expectation 
for preservation of sight in a radical manner.         
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  Abstract 

 Diabetic retinopathy remains a major threat to sight in the working-age 
population in the developed world. In proliferative diabetic retinopathy 
(PDR), the growth of new vessels is thought to occur as a result of vascular 
endothelial growth factor (VEGF) release into the vitreous cavity as a 
response to ischemia, which facilitates the process of angiogenesis and 
macular edema. In these patients, the introduction of new therapies, such 
as VEGF inhibitors, may have a bene fi cial effect on diabetic retinopathy 
including diabetic macular edema and retinal neovascularization, and 
these therapies could complement laser photocoagulation treatment.  
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   Introduction 

 Diabetes mellitus (DM) is a group of metabolic 
diseases characterized by hyperglycemia result-
ing from defects in insulin secretion, insulin 
action, or both. The chronic hyperglycemia of 
diabetes is associated with long-term damage, 
dysfunction, and failure of various organs, espe-
cially the eyes, kidneys, nerves, heart, and blood 
vessels. Several pathogenic processes are involved 
in the development of diabetes. These range from 
autoimmune destruction of the B cells of the pan-
creas with consequent insulin de fi ciency to abnor-
malities that result in resistance to insulin action. 
The basis of the abnormalities in carbohydrate, 
fat, and protein metabolism in diabetes is de fi cient 
action of insulin on target tissues. De fi cient insu-
lin action results from inadequate insulin secre-
tion and/or diminished tissue responses to insulin 
at one or more points in the complex pathways of 
hormone action  [  1  ] . 

 The vast majority of cases of diabetes fall into 
two etiopathogenetic categories. In one category, 
type 1 diabetes, the cause is an absolute de fi ciency 
of insulin secretion. This form of diabetes, insu-
lin-dependent diabetes or juvenile-onset diabetes, 
which accounts for only 5–10% of those with 
diabetes, results from a cellular-mediated auto-
immune destruction of the B cells of the pancreas. 
For the other category, a much more prevalent 
category, type 2 diabetes, the cause is a combina-
tion of resistance to insulin action and an inade-
quate compensatory insulin secretory response. 
This form of diabetes, non-insulin-dependent 
diabetes or adult-onset diabetes, which accounts 
for ~90–95% of those with diabetes, results from 
an insulin resistance and usually has relative 
insulin de fi ciency. At least initially, and often 
throughout their lifetimes, these individuals do 
not need insulin treatment to survive  [  1  ] . 
Currently, there are approximately 13 million 
Americans with diagnosed diabetes and millions 
more who remain unaware that they have the dis-
ease. This number is expected to increase to 29 
million by the year 2050  [  2  ] . 

 Diabetic retinopathy (DR) is a highly speci fi c 
vascular complication of both type 1 and type 2 

diabetes. The prevalence of retinopathy is strongly 
related to the duration of diabetes. After 20 years 
of diabetes, nearly all patients with type 1 diabetes 
and >60% of patients with type 2 diabetes have 
some degree of retinopathy. Diabetic retinopathy 
poses a serious threat to vision. In the Wisconsin 
Epidemiologic Study of Diabetic Retinopathy 
(WESDR), 3.6% of younger-onset patients (aged 
<30 years at diagnosis, an operational de fi nition of 
type 1 diabetes) and 1.6% of older-onset patients 
(aged  ³  30 years at diagnosis, an operational 
de fi nition of type 2 diabetes) were legally blind. In 
the younger-onset group, 86% of blindness was 
attributable to diabetic retinopathy. In the older-
onset group, where other eye diseases were com-
mon, one-third of the cases of legal blindness were 
due to diabetic retinopathy. Overall, diabetic retin-
opathy is estimated to be the most frequent cause 
of new cases of blindness among adults aged 
20–74 years. Diabetic macular edema (DME) is a 
manifestation of diabetic retinopathy that produces 
loss of central vision. Macular edema within 1 
disk diameter of the fovea is present in 9% of the 
diabetic population  [  3  ] . Although visual loss sec-
ondary to proliferative changes is more common 
in patients with type 1 diabetes, visual loss in 
patients with type 2 diabetes is more commonly 
due to macular edema  [  4  ] . 

 The objective of this chapter is to describe the 
clinical  fi ndings of DR as well as its epidemiol-
ogy, pathogenesis, risk factors, diagnosis, 
classi fi cation, and current management.  

   Pathogenesis 

 The pathogenesis of diabetic retinopathy begins 
with prolonged hyperglycemia, which results in 
expression of factors that activates the  b (beta)2 
isoform of protein kinase C and stimulates vascu-
lar endothelial proliferation and increases capil-
lary permeability. Other mechanisms may also be 
involved such as increased glucose metabolism 
via the polyol pathway (aldose reductase) or the 
accumulation of advanced glycation end prod-
ucts. High concentrations of glucose increase 
 fl ux through the polyol pathway with the enzy-
matic activity of aldose reductase, leading to an 
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elevation of intracellular sorbitol concentrations. 
This rise in intracellular sorbitol accumulation 
has been hypothesized to cause osmotic damage 
to vascular cells. 

 Diabetes mellitus causes abnormal glucose 
metabolism as a result of decreased levels or 
activity of insulin. Increased levels of blood glu-
cose are thought to have a structural and physio-
logic effect on retinal capillaries causing them to 
be both functionally and anatomically incompe-
tent. A persistent increase in blood glucose levels 
shunts excess glucose into the aldose reductase 
pathway in certain tissues, which converts sugars 
into alcohol (e.g., glucose into sorbitol, galactose 
to dulcitol). Intramural pericytes of retinal capil-
laries seem to be affected by this increased level 
of sorbitol, eventually leading to the loss of its 
primary function (i.e., autoregulation of retinal 
capillaries). 

 Loss of function of pericytes results in weak-
ness and eventual saccular outpouching of capil-
lary walls. These microaneurysms are the earliest 
detectable signs of DR. Ruptured microaneu-
rysms (MA) result in retinal hemorrhages either 
super fi cially ( fl ame-shaped hemorrhages) or in 
deeper layers of the retina (blot and dot hemor-
rhages). Increased permeability of these vessels 
results in leakage of  fl uid and proteinaceous 
material, which clinically appears as retinal thick-
ening and exudates (Fig.  21.1 ). If the swelling 
and exudation would happen to involve the mac-
ula, a diminution in central vision may be experi-
enced. Macular edema is the most common cause 
of vision loss in patients with nonproliferative 
diabetic retinopathy (NPDR). However, it is not 
exclusively seen only in patients with NPDR, but 
it also may complicate cases of proliferative dia-
betic retinopathy (PDR).  

 It has also been postulated that platelet abnor-
malities in diabetics may contribute to diabetic 
retinopathy. There are three steps in platelet 
coagulation: initial adhesion, secretion, and fur-
ther aggregation. It has been shown that the plate-
lets in diabetic patients are “stickier” than 
platelets of nondiabetics. They secrete prosta-
glandins that cause other platelets to adhere to 
them (aggregation) with blockage of the vessel 
and endothelial damage. The variety of hemato-

logic abnormalities seen in diabetes, such as 
increased erythrocyte aggregation, decreased red 
blood cell (RBC) deformability, increased plate-
let aggregation, and adhesion, predispose to slug-
gish circulation, endothelial damage, and focal 
capillary occlusion. This leads to retinal isch-
emia, which, in turn, contributes to the develop-
ment of diabetic retinopathy. 

 The vascular lesions that are identi fi ed with 
the onset of retinopathy include the formation of 
saccular capillary aneurysms ,  disappearance of 
pericytes from capillaries having endothelial 
cells, nonperfusion and obliteration of capillaries 
and small arterioles, gradual thickening of vascu-
lar basement membrane, and associated changes 
such as vessel leakage, exudate, and hemorrhage 
(Fig.  21.1 )  [  5  ] . Progressive capillary narrowing 
and/or microthrombosis leads to impairment of 
retinal blood  fl ow. When a large segment of the 
retina is affected, retinal ischemia occurs and 
stimulates growth factor production; vascular 
endothelial growth factor (VEGF) is the most 
extensively studied. VEGF is a homodimeric gly-
coprotein produced by the vascular smooth mus-
cle. VEGF expression is induced by hypoxia and 
by various metabolic stimuli such as platelet-
derived growth factor, angiotensin II  [  6  ] , and high 

  Fig. 21.1    The vascular lesions that are identi fi ed with the 
onset of retinopathy include the formation of saccular 
capillary aneurysms, disappearance of pericytes from cap-
illaries having endothelial cells, nonperfusion and oblit-
eration of capillaries and small arterioles, gradual 
thickening of vascular basement membrane, and associ-
ated changes such as vessel leakage, exudates, and 
hemorrhage       
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extracellular glucose. By virtue of its powerful 
angiogenic effect and potent permeability prop-
erties, VEGF is strongly implicated in the devel-
opment of neovascularization and retinal leakage 
(macular edema). 

 The histological  fi nding of diabetic retinopa-
thy is typical capillaries with endothelial cells but 
few or no pericytes. In diabetic patients with 
retinopathy, pericyte ghosts have been found to 
be rare or absent from capillaries of the optic 
nerve and cerebral cortex but numerous in the 
retinal capillaries (Fig.  21.2 ).   

   Risk Factors 

   Duration of Disease 

 In patients with type 1 diabetes, no clinically 
signi fi cant retinopathy can be seen in the  fi rst 
5 years after the initial diagnosis of diabetes is 
made. After 10–15 years, 25–50% of patients 

show some signs of retinopathy. This prevalence 
increases to 75–95% after 15 years and approaches 
100% after 30 years of diabetes. In patients with 
type 2 diabetes, the incidence of diabetic retinopa-
thy increases with the duration of the disease. Of 
patients with type 2 diabetes, 23% have NPDR 
after 11–13 years, 41% have NPDR after 
14–16 years, and 60% have NPDR after 16 years.  

   Glucose Control 

 The Diabetic Complications Control Trial 
(DCCT)  [  7  ]  and the United Kingdom Prospective 
Diabetes Study (UKPDS)  [  8  ]  conclusively dem-
onstrated that intensive glycemic control 
signi fi cantly reduces the risk of DR development 
and progression in both type 1 and type 2 diabe-
tes, though not preventing retinopathy com-
pletely. Although no similar trials for patients 
with non-insulin-dependent diabetes mellitus 
(NIDDM) have been completed, the American 

  Fig. 21.2    In diabetic patients with retinopathy, pericyte ghosts have been found to be rare or absent from capillaries of 
the optic nerve and cerebral cortex but numerous in the retinal capillaries (Courtesy of Dario Savino-Zari, M.D.)       
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Diabetes Association (ADA) has suggested that 
glycosylated hemoglobin levels of less than 7% 
(re fl ecting long-term glucose levels) should be 
the goal in all patients to prevent or slow down 
the onset of diabetes-related complications.  

   Blood Pressure Control 

 Systemic hypertension, in the setting of diabetic 
nephropathy, correlates well with the presence of 
retinopathy. Hypertension might contribute to 
worsening of DR by increasing endothelial shear 
stress and the release of VEGF that follows 
stretching of the vessel walls, leading to altered 
retinal autoregulation and increased perfusion 
pressure  [  9  ] .  

   Lipid Control 

 Elevated serum lipid levels are positively associ-
ated with retinal hard exudates in DR. Hard 
 exudates, in turn, are associated with visual 
impairment and subretinal  fi brosis from macular 
edema. Proper management of hyperlipidemia 
may result in less retinal vessel leakage and less 
hard exudate formation. The reason behind this is 
unclear. Sen et al.  [  10  ]  demonstrated that simvas-
tatin inhibited progression of retinopathy in dia-
betic patients with dyslipidemia.  

   Other Factors 

 Other factors that affect the progression of dia-
betic retinopathy are renal disease proteinuria 
and pregnancy. Renal disease, as evidenced by 
proteinuria and elevated  blood urea nitrogen 
( BUN)/creatinine levels, is an excellent predictor 
of the presence of retinopathy. This probably is 
due to the fact that both conditions are caused by 
DM-related microangiopathies such that the pres-
ence and severity of one re fl ects that of the other. 
Pregnant women without any diabetic retinopa-
thy run a 10% risk of developing NPDR during 
their pregnancy. Of those with preexisting NPDR, 
4% progress to the proliferative type.   

   Classi fi cation and Natural History 

 Diabetic retinopathy is generally classi fi ed into 
NPDR and PDR, both of which are further graded 
into different levels. Diabetic macular edema 
(DME) can occur at any stage. Accurate diagno-
sis of the stage of the disease is critical because of 
the varying risk of progression to PDR. 

 The Early Treatment Diabetic Retinopathy 
Study (ETDRS) severity scale was based on the 
modi fi ed Airlie House classi fi cation of diabetic 
retinopathy and was used to grade fundus photo-
graphs  [  11  ] . Although it is recognized as the gold 
standard for grading the severity of diabetic retin-
opathy in clinical trials, its use in everyday clini-
cal practice has not proven to be easy or practical. 
The levels of diabetic retinopathy disease severity 
scale are listed in Table  21.1   [  12  ]  and consist of 
 fi ve scales with increasing risks of retinopathy.  

 The  fi rst level is “no apparent retinopathy,” and 
the second level, “mild NPDR,” includes ETDRS 
stage 20 (microaneurysms only). The risk of 
signi fi cant progression over several years is very 
low in both groups. The third level, “moderate 
NPDR,” includes eyes with ETDRS levels 35–47, 

   Table 21.1    International Clinical Diabetic Retinopathy 
Disease Severity Scale (Modi fi ed from  [  12  ] )   

 Proposed disease 
severity level 

 Findings observable upon dilated 
ophthalmoscopy 

 No apparent 
retinopathy 

 No abnormalities 

 Mild NPDR  Microaneurysms only 
 Moderate NPDR  More than just microaneurysms but 

less than severe NPDR 
 Severe NPDR  Any of the following: 

 •  20 Intraretinal hemorrhages in 
each of four quadrants 

 •  De fi nite venous beading in two 
quadrants 

 •  Prominent intraretinal microvas-
cular abnormalities in 1+ quadrant 

    And no signs of proliferative 
retinopathy 

 PDR    One or more of the following: 
 •  Neovascularization 
 •  Vitreous/preretinal hemorrhage 

   NPDR  nonproliferative diabetic retinopathy,  PDR  prolif-
erative diabetic retinopathy  
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and the risk of progression increases signi fi cantly 
by level 47. Still, the fourth level, “severe NPDR” 
(ETDRS stage 53), carries with it the most omi-
nous prognosis for progression to PDR. The  fi fth 
level, “PDR,” includes all eyes with de fi nite neo-
vascularization or vitreous/preretinal hemorrhage. 
There was no attempt to subdivide level 5 as a 
function of ETDRS “high-risk characteristics” 
because signi fi cant rates of progression are 
expected to occur in all of these cases  [  13  ] . 

 Diabetic macular edema involves the break-
down of the blood-retinal barrier, with increased 
vascular permeability resulting in central retinal 
thickening (edema) and lipid deposits (hard exu-
dates). This is termed clinically signi fi cant macu-
lar edema (CSME), when it is present close to the 
central macula. Both CSME and PDR are the 
predominant causes of visual loss in DR. The 
DME disease severity scale is listed in Table  21.2  
 [  12  ] . The initial and most important designation 
is to separate eyes with “apparent DME” from 
those with “no apparent thickening or lipid” in 
the macula. The  fi rst level is determined by the 
presence or absence of apparent retinal thicken-
ing or lipid in the posterior pole. A second-level 
evaluation documents details related to the dis-
tance of retinal thickening and/or lipid from the 
fovea. Eyes with obvious foveal involvement by 
edema or lipid are categorized as “severe DME.” 
Eyes with edema and/or lipid relatively distant 
from the macula are graded as “mild DME.” 
“Moderate DME” was used to identify cases in 
which retinal thickening and/or lipid is close to 
(or “threatening”) the fovea  [  14  ] .   

   Nonproliferative Diabetic 
Retinopathy 

 The earliest stage of DR (or NPDR) is character-
ized by retinal vascular abnormalities including 
microaneurysms (saccular outpouchings from 
the capillary wall), intraretinal hemorrhages, and 
cotton wool spots (nerve  fi ber layer infarctions). 
As the disease progresses, the gradual closure of 
retinal vessels results in retinal ischemia, giving 
rise to signs including venous abnormalities 
(beading, loops), intraretinal microvascular 
abnormalities, and increasing retinal hemorrhage 
and exudation. Nonproliferative diabetic retin-
opathy is graded as mild, moderate, and severe, 
according to the presence and extent of the afore-
mentioned lesions. 

 Microaneurysms are the  fi rst alterations detect-
able by ophthalmoscopy (Figs.  21.1 ,  21.3 , and 
 21.4 ). They present as small red dots in the middle 
retinal layers. Fluorescein angiography shows 
microaneurysms as pinpoint hyper fl uorescent 
lesions that fade in the later phases of the 
 angiogram. The hypo fl uorescence of dot and blot 
hemorrhages distinguishes them from the 
hyper fl uorescent microaneurysms. The earliest 
change in diabetics is an increased vascular per-
meability, which is seen as late hyper fl uorescence 
emanating from the retinal vessels (Fig.  21.4 ). 
The microaneurysms may rupture when the wall 
of the aneurysm becomes weak, giving rise to an 
intraretinal hemorrhage. If this intraretinal hemor-
rhage is deep within the inner nuclear or outer 
plexiform layers, it presents as a round-oval or 

   Table 21.2    International Clinical Classi fi cation of Diabetic Retinopathy, Severity of Diabetic Macular Edema a  
(Modi fi ed from  [  12  ] )   

 Proposed disease severity level  Findings observable upon dilated ophthalmoscopy b  

 DME apparently absent  No apparent retinal thickening or hard exudates in posterior pole 
 DME apparently present  Some apparent retinal thickening or hard exudates in posterior pole 
 DME present  Mild DME (some retinal thickening or hard exudates in posterior pole but distant 

from the center of the macula) 
 Moderate DME (retinal thickening or hard exudates approaching the center of the 
macula but not involving the center) 
 Severe DME (retinal thickening or hard exudates involving the center of the macula) 

   a  DME  diabetic macular edemaa 
  b Hard exudates are a sign of current or previous macular edema. DME is de fi ned as retinal thickening requiring a three-
dimensional assessment that is best performed by a dilated examination using slit-lamp biomicroscopy and/or stereo 
fundus photography  
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dot-blot hemorrhage. Fluorescein angiography of 
the hemorrhage shows hypo fl uorescent dots by 
blockage (Fig.  21.5 ).    

 Also, intracellular  fl uid collection, coming 
from leaky microaneurysms, leads to macular 
edema, the leading factor in diabetes-related legal 
blindness. These signs, in addition to cotton wool 
spots, are indicative of ischemia within the nerve 
 fi ber layer, leading to stasis of  fl uid. Hard exu-
dates are yellow lipid deposits with relatively dis-
crete margins. They commonly occur at the edges 
of microvascular leakage and may form a circi-
nate pattern around leaking microaneurysms 
(Fig.  21.3 ). They may coalesce to form extensive 
sheets of exudates. Vision is affected when hard 
exudates encroach on the macula. Fluorescein 
angiography shows hypo fl uorescence by block-
age (Fig.  21.6 ).  

 Retinal edema is due to microvascular leakage 
and indicates breakdown of the inner blood-reti-
nal barrier. It appears as grayish areas of retinal 
thickening. The thickening may look like a petal-
shaped cyst on the macula, and this can cause 
severe visual deterioration. Fluorescein angiog-
raphy shows diffuse late hyper fl uorescence due 
to leakage, which may assume a  fl ower-petal pat-
tern if a cystoid macular edema (CME) is present. 
Optical coherence tomography (OCT) may show 
three patterns of diabetic macular edema: retinal 
swelling, cystoid macular edema, and serous reti-
nal detachment (Fig.  21.7 ).  

 Cotton wool spots are caused by precapillary 
arteriolar occlusion within the retinal nerve  fi ber 
layer. The interruption of axoplasmic transport, 
caused by the ischemia and subsequent buildup 
of transported material within the nerve axons, is 
responsible for the white appearance of these 
lesions. Fluorescein angiography shows 
hypo fl uorescence due to blockage, which is fre-
quently associated with an area of adjacent capil-
lary nonperfusion. 

 As hyperglycemia persists, microaneurysms, 
hemorrhages, and cotton wool spots become 
more widespread, and the disease progresses to 
moderate and severe forms. Furthermore, moder-
ate NPDR may present with venous beading, 
which suggests decreased retinal circulation, and 
intraretinal microvascular abnormalities (IRMA), 
indicating dilated capillaries. Fluorescein angiog-
raphy of IRMA shows hyper fl uorescence with 
mild leakage (Fig.  21.8 ). Venous loops are almost 
always adjacent to large areas of capillary non-
perfusion, while IRMAs seem to function as col-
lateral channels for blood  fl ow  [  15  ] .  

 In short, advanced NPDR is characterized by 
increased ischemia, resulting in more severe vas-
cular permeability, widespread hemorrhaging, 
venous abnormalities, and IRMAs (Fig.  21.9 ).   

   Proliferative Diabetic Retinopathy 

 The more advanced stage of DR (or PDR) 
involves the formation of new blood vessels, 
induced by the retinal ischemia, which spreads 
out either from the disk (neovascularization of 
the disk, NVD) or from elsewhere in the retina 
(neovascularization elsewhere, NVE). New ves-
sels extending into the vitreous can cause vitre-
ous hemorrhage and tractional retinal detachments 
(associated with accompanying contractile 
 fi brous tissue). Fluorescein angiography stands 
out the neovascularization during the early phases 
of the angiogram and shows hyper fl uorescence 
during the later stages due to intensive leakage of 
dye from the neovascular tissue (Fig.  21.10 ).  

 Approximately 50% of patients with very 
severe NPDR progress to proliferative retinopa-
thy within 1 year  [  15  ] . Areas of capillary nonper-

  Fig. 21.3    Microaneurysms are the  fi rst alterations detect-
able by ophthalmoscopy. They present as  small red dots  in 
the middle retinal layers. They tend to leak serous  fl uid 
and lipid sometimes in a circinate pattern as shown here       
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fusion are seen as homogenous dark patches 
(Fig.  21.11 ). As the degree of ischemia increases, 
PDR will develop. Proliferation begins when reti-
nal veins give rise to a collection of new,  fi ne 

 vessels that are weak and leaky. Because neovas-
cularization appears to occur with less effort on a 
preformed connective tissue framework, a 
 shallowly detached posterior vitreous face is 

  Fig. 21.4    ( a ) Color fundus photograph shows few subtle 
microaneurysms (MA) on the posterior pole. ( b ) MA are 
seen as  white dots  due to hyper fl uorescence on  fl uorescein 
angiography. ( c ) If the wall of the MA is weak, leakage of 

dye from the MA is observed in the late phase of the 
angiogram. This is the mechanism by which macular 
edema develops. The adjacent edematous retinal tissue is 
seen as diffusely stained       

  Fig. 21.5    ( a ) Color photograph in nonproliferative dia-
betic retinopathy. ( b ) Fluorescein angiography of the 
hemorrhage shows  hypo fl uorescent dots  by blockage       

  Fig. 21.6    ( a ) Vision is affected when hard exudates 
encroach on the macula. ( b ) Fluorescein angiography 
shows hypo fl uorescence by blockage       

 

  



39521 Diabetic Retinopathy

 frequently the site for new vessel growth. 
Intraretinal microvascular abnormalities may be 
confused with early neovascularization. Prior to 
the appearance of frank neovascularization, IRMA 
develops. A  fl uorescein angiogram differentiates 
both conditions. The angiographic appearance of 
IRMA is that of collateral vessels that do not leak. 
On the other hand, neovascularization is charac-
terized by hyper fl uorescent leaking areas that 
increase in size and intensity as the study pro-
gresses. In the event that these vessels arise on or 
within one disk diameter of the optic nerve head, 
they are referred to as NVD (Fig.  21.12a ,  b ); when 

these vessels arise anywhere else on the retina, 
they are called NVE (Fig.  21.13a ,  b ). As new ves-
sel growth continues, the  fi brous component 
becomes more prominent, with the  fi brotic 
tissue being either vascular or avascular. The 
 fi brovascular variety is usually found in associa-
tion with vessels that extend into the vitreous cav-
ity or with abnormal new vessels on the surface of 
the retina or disk. The avascular variety usually 
results from thickening of the posterior hyaloid. 
Vitreous traction is transmitted to the retina along 
these proliferations and may lead to traction reti-
nal detachment  [  15  ] . Eyes with signi fi cant  fi brous 
proliferation are less likely to bleed, but carry an 
increased risk of tractional retinal detachment.     

   Advanced Eye Disease 

 In advanced PDR, progressive  fi brovascular pro-
liferation leads to blindness due to vitreous hem-
orrhage and traction retinal detachment. Bleeding 
may occur into the vitreous or, more frequently, 
into the retrohyaloid space (preretinal hemor-
rhage). This has a crescentic shape, which demar-
cates the level of posterior vitreous detachment 
(Fig.  21.14 ). Occasionally, a preretinal hemor-
rhage may penetrate into the vitreous gel. 
Tractional retinal detachment is caused by pro-
gressive contraction of  fi brovascular membranes 
over large areas of vitreoretinal adhesion 
(Fig.  21.15 ). The retinal detachment has a con-
cave con fi guration with the highest elevation 
occurring at points of vitreoretinal traction 
(Fig.  21.16 ). Diabetic tractional retinal  detachment 

  Fig. 21.7    Optical coherence tomography (OCT) may 
show three patterns of diabetic macular edema: retinal 
swelling, cystoid macular edema, and serous retinal 
detachment. ( a ) Typical pattern of diabetic macular edema 
of the cystoid macular edema (CME) type on OCT. Retinal 
swelling shows increased retinal thickness with reduced 

intraretinal re fl ectivity and expanded areas of lower 
re fl ectivity. ( b ) Typical pattern of diabetic macular edema 
of the CME type on OCT. Eyes with well-established 
CME, which has persisted for more than 1 year, the cys-
toid spaces fuse to form a large cystoid cavity       

  Fig. 21.8    Moderate nonproliferative diabetic retinopathy 
may present with venous beading, which suggests 
decreased retinal circulation, and intraretinal microvascu-
lar abnormalities (IRMA), indicating dilated capillaries. 
Fluorescein angiography of IRMA shows hyper fl uorescence 
with mild leakage (not shown)       
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may remain localized for a long time without 
involving the macula (Fig.  21.17 ).     

 Rubeosis iridis and neovascular glaucoma 
occur when new vessels form on the iris and in 
the anterior chamber angle, leading to a painful 
blind eye that occasionally requires enucleation. 
Rubeosis is usually common in eyes with severe 
retinal ischemia or persistent retinal detachment 
following unsuccessful vitrectomy. Ghost cell 
glaucoma resulting from vitreous hemorrhage 
can occur. Small full-thickness retinal holes may 
be seen near the proliferation; these sometimes 
lead to combined rhegmatogenous and tractional 
retinal detachment. Late in the course of the dis-
ease, neovascular glaucoma can result from new 
vessels growing on the iris and anterior chamber 
angle structures.  

   Diabetic Macular Edema 

 Clinically signi fi cant macular edema develops 
with time in 10–15% of diabetic patients  [  16  ] . 

 DME can occur at any stage of diabetic 
retinopathy and is caused by excessive vascular 
permeability resulting in the leakage of  fl uid 
and plasma constituents, such as lipoproteins, 
and a secondary thickening and distortion of 

the central retina, together with stretching of 
neurons and an initial reversible loss of vision. 
Since in the course of time these disturbed neu-
rons can die off, permanent sight reduction can 
also result  [  17  ] . 

 Clinically signi fi cant macular edema (CSME) 
occurs if there is thickening of the retina involv-
ing the center of the retina (macula) or the area 
within 500  m (mu)m of it, if there are hard exu-
dates at or within 500  m m of the center of the 
retina with thickening of the adjacent retina, or if 
there is a zone of retinal thickening one disk area 
or larger in size, any part of which is within one 
disk diameter of the center of the retina 
(Fig.  21.18 ). The de fi nition of CSME refers to 
the threshold level at which laser photocoagula-
tion is carried out  [  18  ] .  

 The International Clinical Diabetic Macular 
Edema Disease Severity Scale includes two 
major levels: absent and present. If DME is 
present (Table  21.2 )  [  12  ] , it is divided into mild 
(some retinal thickening or hard exudates in 
the posterior pole, but distant from the center 
of the macula), moderate (retinal thickening or 
hard exudates approaching the center of the 
macula, but not the center), and severe (involv-
ing retinal thickening or hard exudates involv-
ing the center)  [  19  ] . 

  Fig. 21.9    Fluorescein angiography of advanced nonpro-
liferative diabetic retinopathy is characterized by increased 
ischemia, resulting in more severe vascular permeability, 
widespread hemorrhaging, venous abnormalities, and 

intraretinal microvascular abnormalities (IRMA) ( a ). 
Fluorescein angiography of IRMA shows 
hyper fl uorescence with wall-vessel staining ( b )       

 



39721 Diabetic Retinopathy

 The Pan-American Collaborative Retina Study 
Group (PACORES) has come up with a de fi nition 
of diffuse diabetic macular edema (DDME) for 
their studies, and it requires evidence of diffuse 
retinal thickening and/or hard exudates (without 
a circinate ring pattern) involving the center of 
the macula (clinically signi fi cant DME as de fi ned 
by the ETDRS on slit-lamp biomicroscopic 
examination) and diffuse  fl uorescein leakage 
involving the center of the macula on  fl uorescein 
angiography (FA) with less than 33% of leakage 
associated with microaneurysms  [  20  ] . 

 Macular edema is best evaluated by dilated 
examination using slit-lamp biomicroscopy and/
or stereo fundus photography. In addition, serial 
FA and OCT play an important role in guiding 
treatment of diabetic macular edema (DME). 
Optical coherence tomography (OCT) provides 
images by projecting a pair of near-infrared light 
beams into the eye. The resulting interference 
pattern from these beams is dependent of the 
thickness and re fl ectivity of the retinal structures 
and is detected by the measuring system. The 
images produced appear to be cross sections of 
the retina and allow the thickness of the retina to 
be measured. The thickness of the retina may 
allow DME to be followed in a quantitative man-
ner. The OCT method is analogous to ultrasound 
B-scanning in that distance information is 
extracted from the time delays of re fl ected  signals. 

  Fig. 21.10    ( a ) Color photograph. ( b ) Fluorescein angiog-
raphy stands out the neovascularization on the optic disk 
(NVD) during the early phases of the angiogram and 
shows hyper fl uorescence during the later stages due to 
intensive leakage of dye from the neovascular tissue       

  Fig. 21.11    A 69-year-old woman with diabetic retinopa-
thy presented with a visual acuity of 20/400 in her left 
eye. Retinal examination showed scattered dot and blot 
hemorrhages, microaneurysms, and clinical signi fi cant 
macular edema. ( a ) Early-phase  fl uorescein angiogram 

(FA) demonstrated microaneurysms as pinpoint 
hyper fl uorescent lesions and capillary nonperfusion seen 
as hypo fl uorescent areas ( arrows  in a and b). ( b ) Late-
phase FA revealed hyper fl uorescent spots and leakage 
corresponding to diffuse macular edema       
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Optical (laser) instead of acoustic waves are used 
in OCT, which allows a much higher resolution 
(3–5  m m) and thereby a more precise assessment 
of retinal thickness (Fig.  21.19 ).   

   Management 

 Diabetic retinopathy remains a major cause of 
worldwide preventable blindness. Fluorescein 
angiography has become a very important tool 
to study, diagnose, assist in the management, 
and assess treatment response in patients with 
diabetic retinopathy. Optical coherence tomog-
raphy facilitates quanti fi cation of the retinal 
thickness and allows precise follow-up to eval-
uate the effect of the management of diabetic 
patients with different degrees of diabetic 

  Fig. 21.12    In the event that these vessels arise on or within one disk diameter of the optic nerve head, they are referred 
to as neovascularization of the disk (NVD). ( a ) Color photograph. ( b ) Fluorescein angiography       

  Fig. 21.13    In the event that these vessels arise anywhere else on the retina, they are called neovascularization else-
where (NVE). ( a ) Color photograph. ( b ) Fluorescein angiography       

  Fig. 21.14    Dilated fundus photographs showing exu-
dates, microaneurysms, and preretinal hemorrhages from 
bleeding neovascularization       
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retinopathy with CSDME in an objective way. 
In addition, OCT may be very useful in the 
evaluation of the vitreoretinal and vitreopapil-
lary interface. 

 Measures to avoid blindness include medical 
management (control of blood sugar, blood 
pressure, and serum lipids) and ocular manage-
ment (laser photocoagulation and pars plana 
vitrectomy). Adjunctive pharmacologic thera-
pies (intravitreal triamcinolone acetonide and 
anti-VEGF agents) have shown early promise 
in the treatment of both DME and PDR. Other 
medications under investigation include the 
 fl uocinolone acetonide implantable device, the 

extended-release dexamethasone implant, and 
oral ruboxistaurin. 

   Glycemic Control 

 The most effective medical treatment to slow the 
progression of diabetic retinopathy is glycemic 
control. The relationship between hyperglycemia 
and retinopathy has been reported in well-con-
ducted observational studies. The Diabetes 
Control and Complications Trial (DCCT)  [  7  ]  and 
the United Kingdom Prospective Diabetes Study 
(UKPDS)  [  8  ]  showed that optimal metabolic 
control could reduce the incidence and progres-
sion of DR. The results of the DCCT and UKPDS 
showed that while intensive therapy does not pre-
vent retinopathy completely, it reduces the risk of 
the development and progression of diabetic 
retinopathy. This can be translated clinically to a 
preservation of eyesight and reduced need for 
laser treatment. The review concluded that while 
keeping the HbA1c targets (HbA1c <7.0%, pre-
prandial plasma glucose 90–130 mg/dl and post-
prandial plasma glucose <180 mg/dl) in mind, 
health-care providers should individualize the 
glycemic goals with the understanding that more 
stringent targets, such as a HbAIc <6%, may fur-
ther reduce complications while subsequently 
increasing the risk of hypoglycemia. Currently, 
the recommendation is for maintenance of glu-
cose levels as near normal as possible. There does 

  Fig. 21.15    Proliferative diabetic retinopathy: tractional retinal detachment is caused by progressive contraction of 
 fi brovascular membranes over large areas of vitreoretinal adhesion       

  Fig. 21.16    Proliferative diabetic retinopathy:  fi brous tis-
sue with localized traction retinal detachment       
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not appear to be a level below which there is not 
a reduction of microvascular complications.  

   Blood Pressure Control 

 Epidemiological observations suggest that hyper-
tension increases the risk and/or progression of 
diabetic retinopathy and macular edema. In the 
Wisconsin Epidemiologic Study of Diabetic 
Retinopathy (WESDR), progression of retinopa-
thy was associated with higher diastolic blood 
pressure at baseline and an increase in diastolic 
blood pressure over a 4-year follow-up period. 

 The UKPDS Study Group reported the effec-
tiveness of tight blood pressure control  [  21  ] . 

The UKPDS randomized 1,148 hypertensive 
patients with type 2 diabetes to less tight 
(<180/105 mmHg) and tight (<150/85 mmHg) 
blood pressure control with the use of an angio-
tensin-converting enzyme (ACE) inhibitor or a 
 b -blocker. With a median follow-up of 8.4 years, 
a mean blood pressure of 144/82 was achieved 
in the tight and 154/87 in the less tight control 
group. Patients in the tight control group had a 
34% reduction in progression of retinopathy and 
a 47% reduced risk of deterioration in visual 
acuity of three lines compared with the less tight 
control group. In addition, there were reductions 
in deaths related to diabetes and stroke. The 
UKPDS data showed no difference in the 
ef fi cacy of ACE inhibitors or  b -blockers with 

  Fig. 21.17    Diabetic tractional retinal detachment may 
remain localized for a long time without involving the 
macula. Cystoid macular edema (CME) developed in this 
case. ( a ) Fundus photography, ( b ) angio fl uoresceinography, 

and ( c ) optical coherence tomography of proliferative dia-
betic retinopathy with preretinal membranes (thin, 
re fl ective bands anterior to the retina) and CME       
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regard to  progression of diabetic retinopathy in 
type 2 diabetic subjects, suggesting that blood 
pressure control and not the type of medication 
is most important in those with hypertension.  

   Serum Lipid Control 

 Hyperlipidemia has been linked to the presence 
of retinal hard exudates in patients with DR, and 
some evidence suggests that lipid-lowering 
therapy may reduce hard exudates and microan-
eurysms. There is observational evidence that 
elevated lipids may increase the morbidity of 
macular edema and affect the severity of dia-
betic retinopathy. Severe hard exudates can lead 
to the development of subretinal  fi brosis, a com-
plication that can lead to permanent loss of 
vision. A study found that simvastatin inhibited 
progression of retinopathy in diabetic patients 

  Fig. 21.18    Clinically signi fi cant macular edema occurs 
if there is thickening of the retina involving the center of 
the retina (macula) or the area within 500  m  from the cen-
ter of the fovea, if there are hard exudates at or within 
500  m  of the center of the retina with thickening of the 
adjacent retina, or if there is a zone of retinal thickening 
one disk area or larger in size, any part of which is within 
one disk diameter of the center of the retina       

  Fig. 21.19    Light instead of acoustic waves are used in 
optical coherence tomography, which allows a much 
higher resolution (<8  m ) and thereby a more precise 
assessment of retinal thickness. ( a ) Diffuse diabetic mac-

ular edema with OCT ( b ) demonstrating diffuse thicken-
ing and subretinal  fl uid. Cystoid macular edema 
demonstrated both on ( c )  fl uorescein angiogram and ( d ) 
OCT       
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with dyslipidemia  [  10  ] . Further clinical trials 
are currently underway examining the effects of 
statins.  

   Aspirin Treatment 

 The Early Treatment Diabetic Retinopathy Study 
(ETDRS) investigated whether aspirin (650 mg/
day) could retard the progression of retinopathy. 
After examining progression of retinopathy, 
development of vitreous hemorrhage, or duration 
of vitreous hemorrhage, aspirin was shown to 
have no effect on retinopathy, and there are no 
ocular contraindications to the use when required 
for cardiovascular disease or other medical 
medications.   

   Laser Photocoagulation 

 Laser photocoagulation therapy has proven effec-
tive in reducing DR progression, and pars plana 
vitrectomy can in many cases prevent severe 
vision loss in patients with advanced stages of 
DR  [  22  ] . Unfortunately, both treatments carry a 
risk of additional vision loss, and neither is effec-
tive at reversing loss of visual acuity. 

   Panretinal Photocoagulation and Focal/
Grid Laser Photocoagulation 

 Therapeutic retinal photocoagulation has been 
practiced for more than 50 years. Since the 1960s, 
the treatment has become gradually more re fi ned, 
effective, and safe as new wavelengths and treat-
ments have entered clinical practice. 

 Two large National Institutes of Health-
sponsored trials, and the Early Treatment Diabetic 
Retinopathy Study (ETDRS), provide the stron-
gest support for the therapeutic bene fi t of photo-
coagulation. The DRS tested whether scatter 
(panretinal) photocoagulation (PRP) surgery 
could reduce the risk of vision loss from PDR 
 [  23  ] . There were 1,758 participating patients. 
After only 2 years, photocoagulation surgery was 
shown to signi fi cantly reduce visual loss (i.e., best 
acuity of 5/200 or worse) in 15.9% of untreated 

eyes versus 6.4% of treated eyes. The bene fi t 
 persisted through the entire duration of follow-up 
and was greatest among patients whose baseline 
evaluation revealed high-risk characteristics 
(HRCs) (disk neovascularization or vitreous hem-
orrhage with any retinal neovascularization). Of 
control eyes with HRC, 26% progressed to severe 
visual loss versus 11% of treated eyes. The abso-
lute bene fi t of photocoagulation was much smaller 
for eyes that did not have HRC. 

 To determine the timing of photocoagulation, 
the ETDRS examined the effect of treating eyes 
with mild NPDR to early PDR. The rates of visual 
loss were low with either treatment applied early 
or delayed until development of HRCs. Because 
of this low rate and the risk of complications, the 
report suggested that scattered photocoagulation 
be deferred in eyes with mild-to-moderate NPDR. 
When retinopathy is more severe, scatter photo-
coagulation should be considered and usually 
should not be delayed, if the eye has reached the 
high-risk proliferative stage. 

 The ETDRS also demonstrated the effective-
ness of focal photocoagulation in eyes with mac-
ular edema. In patients with clinically signi fi cant 
macular edema, 24% of untreated eyes, compared 
with 12% of treated eyes, developed doubling of 
the visual angle (e.g., 20/50 to 20/100). Laser 
photocoagulation in both the DRS and the 
ETDRS was bene fi cial in reducing the risk of fur-
ther visual loss, but generally not bene fi cial in 
reversing already diminished acuity. 

 The recommended therapy is either 1,200–
2,000 burns 500  m  in diameter delivered through 
the Goldmann lens or 1,200–2,000 burns 200  m  
in diameter delivered through the Rodenstock 
panfundoscope or Volk SuperQuad lenses. The 
burns should be intense enough to whiten the 
overlying retina, which often requires a power of 
200–600 mW and duration of 0.1 s (Fig.  21.20 ).  

 Focal and grid laser photocoagulation is indi-
cated for CSME, the goal being to limit vascular 
leakage through a series of focal laser burns at 
leaking microaneurysms or grid laser burns in 
regions of diffuse breakdown of the blood-retinal 
barrier (Fig.  21.21 ). In some patients with less 
than high-risk PDR or with severe or very severe 
NPDR, PRP may be indicated under certain cir-
cumstances. The latter include presence of rapidly 



40321 Diabetic Retinopathy

advancing retinal disease, history of poor patient 
follow-up, type 1 or 2 diabetes mellitus of long 
duration, a strong family history of diabetes mel-
litus, or concurrent medical status suggesting 
rapid progression of DR. Recently, a prospective 
randomized controlled double-masked trial was 
performed to compare subthreshold micropulse 
diode laser photocoagulation (MPDL) with con-
ventional green laser photocoagulation (CGL) in 
the treatment of clinically signi fi cant diabetic 
macular edema (CSME). This study has shown 
that subthreshold micropulse diode laser photoco-
agulation is equally as effective as CGL treatment 
for CSME  [  24  ] .  

 Focal or grid laser photocoagulation may 
result in an initial decrease in central vision; 
rarely, they may induce subretinal  fi brosis with 
choroidal neovascularization. On the other hand, 
peripheral visual  fi eld constrictions with poor 
dark adaptation are the side effects of extensive 
PRP. In the presence of neovascularisation, vitre-
ous hemorrhage may occur during the course of 
treatment.   

   Vitrectomy 

 Nasrallah et al.  [  25  ]  observed in 1988 a lower 
incidence of posterior vitreous detachment in 
eyes with diabetic macular edema compared 
with eyes without edema. Lewis et al.  [  26  ]  
described the  fi rst encouraging results after vit-
rectomy in diabetic eyes with macular traction in 
1992. Hikichi et al.  [  27  ]  observed spontaneous 
resolution of edema in 55% of eyes with poste-
rior vitreous separation, compared with 25% of 
eyes with or without incomplete posterior vitre-
ous detachment. 

 The prevalence of posterior vitreous detach-
ment in patients with diabetic macular edema is 
signi fi cantly lower than in diabetic patients with-
out macular edema. Vitrectomy seems to be 
bene fi cial for patients with macular edema and 
traction that are associated with posterior hyaloid 
thickening  [  28  ] . 

 The Diabetic Retinopathy Vitrectomy Study 
(DRVS) was an important trial evaluating the role 
of vitrectomy in the management of advanced 
DR. It found that compared to deferred vitrec-
tomy (after 1 year), early vitrectomy (within the 
 fi rst 6 months) conferred more bene fi t for patients 
with visual acuity (VA)  ³ 20/400 plus one of the 
following: (1) severe neovascularization and 
 fi brous proliferation, (2)  fi brous proliferation and 
moderate vitreous hemorrhage, or (3) moderate 
neovascularization with severe  fi brous prolifera-
tion and moderate vitreous hemorrhage. Among 
such patients, 44% with early vitrectomy and 
28% with deferral treatment had VA  ³ 20/40 after 
4 years follow-up  [  29  ] . 

 The main objectives of vitrectomy are to 
remove media opacities, completely relieve all 
tractional adhesions (Fig.  21.22 ), and manage 

  Fig. 21.20    Panphotocoagulation in an eye with neovas-
cularization of the optic disk (NVD). Notice the chori-
oretinal scars outside the arcades       

  Fig. 21.21    Focal laser for diabetic macular edema in the 
same patient as Fig.  21.15 . Fluorescein angiogram frame 
showing laser scars in a grid pattern temporal to the 
fovea       
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recurrent complications from previous vitrec-
tomy. Some side effects—such as loss of periph-
eral, night, or color vision—are rarely noted by 
some photocoagulation-treated patients. The 
most frequent short-term postoperative compli-
cation of vitrectomy is recurrent vitreous hemor-
rhage, while the premature development of 
cataract is the most common long-term compli-
cation. Rubeosis iridis with secondary glaucoma, 
endophthalmitis, retinal tear, and detachment are 
other important complications (Fig.  21.23 ). 
Currently, a vitrectomy is performed much ear-
lier, and a diabetic vitreous hemorrhage is 
observed for about a month before offering early 
vitrectomy with small-gauge instrumentation to 
perform what has been called minimally invasive 
sutureless vitreoretinal surgery.   

 Twenty-three-gauge transconjunctival suture-
less vitrectomy (TSV) was  fi rst described by Claus 

Eckardt  [  30  ]  as an alternative to the previously 
described 25-gauge TSV reported by Fujii et al. 
 [  31  ] . The use of sutureless pars plana vitrectomy 
(PPV) with 23-gauge vitrectors is gaining accep-
tance and offers advantages versus 25-gauge vit-
rectomy. The characteristics of the vitrector, 
particularly the fact that the cutting tip is closer to 
the edge of the vitrector, facilitate dissection of the 
 fi brovascular proliferations occurring in diabetic 
retinopathy. In addition, an accessory 25-gauge 
wide- fi eld endoillumination can be placed on a 
fourth sclerotomy, permitting bimanual dissection. 

 A current variation of vitrectomy for prolifer-
ative diabetic retinopathy is the use of intravitre-
ally injected anti-VEGF medication as an 
adjuvant. A recent study demonstrated that pre-
operative intravitreal bevacizumab (IVB) injec-
tion was associated with reduced intraocular 
bleeding during 23-gauge PPV for diabetic 

  Fig. 21.22    ( a ) Preoperative fundus photograph. 
Proliferative diabetic retinopathy with extensive vitreous 
and retinal hemorrhage. A great  fi brovascular membrane 
is observed before treatment. ( b ) Five weeks after the 

intravitreal injection of bevacizumab and 1 month after 
vitrectomy with bimanual dissection, retinal panphotoco-
agulation, and gas endotamponade       

  Fig. 21.23    The most frequent short-term postoperative 
complication of vitrectomy is recurrent vitreous hemor-
rhage ( a ), while the premature development of cataract is 

the most common long-term complication ( b ). Rubeosis 
iridis with secondary glaucoma is another important com-
plication ( b )       
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macula-involving tractional retinal detachment 
(TRD)  [  32  ] . However, another study suggests that 
surgery should be performed 4 days after intravit-
real bevacizumab as most TRD cases occur or 
progress  ³ 5 days after the injection  [  33  ] . 

 Recently, Parolini et al.  [  34  ]  reported the rate of 
postoperative complications in 943 consecutive 
eyes operated on with 23-gauge transconjunctival 
pars plana vitrectomy. This report showed that 831 
eyes (88%) did not have either signi fi cant intra- or 
postoperative complications. Sclerotomy leakage 
requiring suture occurred in 37 eyes (3.9%). One 
choroidal detachment (0.1%) spontaneously 
resolved 1 week after surgery. At postoperative 
day 1, 31 eyes (3.3%) experienced transient hypot-
ony. Forty- fi ve eyes (4.8%) presented a subtle vit-
reous hemorrhage that resolved spontaneously. 
Two retinal detachments (0.2%) occurred, one at 
1 month and one at 3 months. They concluded that 
23-gauge complete vitrectomy and peripheral laser 
seem safe for a variety of vitreoretinal surgical 
procedures. The rate of post- and intraoperative 
complications compares favorably with 25-gauge 
and with the standard 20-gauge vitrectomy  [  34  ] . 

 Kim et al.  [  35  ]  included 11 cases of vitreous 
hemorrhages, 10 cases of diabetic macular edema, 
and 1 case of tractional retinal detachment treated 
with 23-gauge transconjunctival sutureless vitrec-
tomy (TSV). The median BCVA improved from 
20/400 (LogMAR, 1.21+/−0.63) to 20/140 
(LogMAR, 0.83+/−0.48) at 1 week (p = 0.003), 
20/100 (LogMAR, 0.85+/−0.65) at 1 month 
(p = 0.002), and 20/100 (LogMAR, 0.73+/−0.6) at 
3 months (p = 0.001). Intraoperative suture place-
ment was necessary in 7.5%, and the authors reported 
no serious postoperative complications  [  35  ] . 

 Current preliminary results have con fi rmed 
the safety and practicality of the 27-gauge 
 instrument system for transconjunctival suture-
less MIVS in selected cases. The favorable 
wound-sealing structures with few postoperative 
complications and acceptable operating time sug-
gest the potential of the 27-gauge system for 
treating macular diseases, simple vitreous opac-
ity or diabetic vitreous hemorrhage, and moder-
ately severe diabetic retinopathy. Similar to the 
recent evolution of other small-gauge systems, 
further development and re fi nement of the 
27-gauge instrument functionality and rigidity 

are under way and are critical to the widespread 
use of this system for the full spectrum of vitreo-
retinal diseases in the future  [  36  ] .  

   Pharmacotherapy 

 In recent years, further advances in pharmaco-
therapy have shown promise in the treatment of 
diabetic retinopathy. The three major classes of 
medications currently being studied are corticos-
teroids, VEGF antagonists, and miscellaneous 
agents.  

   Corticosteroids 

 Corticosteroids, a class of substances with anti-
in fl ammatory properties, have been demonstrated 
to inhibit the expression of the VEGF gene  [  37  ] . 
Corticosteroids are known to reduce vascular 
permeability, reduce blood-retinal barrier break-
down, downregulate the production of VEGF, 
and inhibit certain matrix metalloproteinases. 
Intravitreal triamcinolone    (IVTA) has been stud-
ied experimentally in the prevention or treatment 
of choroidal neovascularization, retinal neovas-
cularization, and proliferative vitreoretinopathy 
and for the treatment of refractory cystoid macu-
lar edema (CME)  [  38  ] . 

   Triamcinolone Acetonide 

 Intravitreal triamcinolone has been used for the 
treatment of diffuse diabetic macular edema, 
which is characterized by diffuse leakage from 
extensive areas of posterior capillary bed, a scar-
city of hard exudates, and a poor response to grid 
laser treatment  [  39  ] . Intravitreal injection of 1 or 
4 mg of triamcinolone acetonide may be bene fi cial 
as a treatment for diabetes macular edema with 
few complications  [  40  ] . 

 Using a dosage of about 20 mg IVTA, the 
increase in VA was most marked during the  fi rst 
3–6 months after injection and was evident for 
about 6–9 months  [  41  ] . Using a dosage of 4 mg, 
the duration of the effect (as measured by a reduction 
in macular thickness by OCT) was less than 
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6 months. These results lead to clinical trials 
comparing the ef fi cacy of different IVTA doses, 
which con fi rmed that, in general, the duration of 
the effect increased with increasing dosage. Since 
the bene fi cial effects of IVTA are transient, with 
recurrence of macular edema, in a proportion of 
eyes, repeated injections may be necessary. 

 The Diabetic Retinopathy Clinical Research 
Network (DRCR.net) has completed enrollment 
on a 3-year, randomized, prospective, multicenter 
clinical trial comparing two doses (1 and 4 mg) of 
preservative-free IVTA (Allergan, Irvine, CA, 
USA) with modi fi ed ETDRS photocoagulation for 
DME  [  42  ] . A recently published multicenter study, 
funded by the National Eye Institute and con-
ducted through the DRCR.net, studied 840 eyes of 
693 subjects with DME involving the fovea and 
with VA of 20/40 to 20/320. This 2-year study 
demonstrated that focal/grid photocoagulation is 
more effective and has fewer side effects than 1- or 
4-mg doses of preservative-free intravitreal triam-
cinolone for most patients with DME who have 
characteristics similar to the cohort in this clinical 
trial. The results of this study also support that 
focal/grid photocoagulation currently should be 
the benchmark against which other treatments are 
compared in clinical trials of DME  [  43  ] . 

 The most important complication of IVTA is 
increased intraocular pressure (IOP) resulting in 
secondary open-angle glaucoma, which sometimes 
may be severe and intractable  [  44  ] . Elevation of 
IOP up to 24 mmHg may occur in about 4% of 
patients, usually within about 3 months. The second 
most important complication of IVTA is cataract 
formation, which may become visually signi fi cant 
in about half of eyes within 1 year  [  45  ] . The rates of 
injection-related endophthalmitis following IVTA 
have been reported to be in the range of 0.099–
0.87% per injection  [  46  ] . The incidence of pseu-
doendophthalmitis, due to migration of triamcinolone 
acetonide crystals into the anterior chamber, is prob-
ably higher than that of infectious endophthalmitis. 
Other reported complications of IVTA (and of any 
intravitreal injection) include retinal detachment, 
lens trauma, and vitreous hemorrhage. 

 Peribulbar triamcinolone acetonide may have 
some limited ef fi cacy for patients with DME 
although the bulk of the current literature appears 
to indicate that IVTA is more effective  [  47  ] .  

   Fluocinolone Acetonide 

 In order to avoid the systemic toxicity of corticos-
teroids and immunomodulary therapy (IMT) or 
the repeated injections of local steroids necessary 
to control ocular in fl ammation, and to prevent 
development of cumulative damage resulting from 
recurrent episodes of in fl ammation, researchers 
have developed a number of local corticosteroid 
sustained-release devices that can be implanted 
directly into the vitreous of the eye, at the site of 
the in fl ammatory disease. Preliminary studies of 
such a device, the  fl uocinolone acetonide implant 
(Retisert, Bausch & Lomb, Rochester, NY, USA), 
have shown signi fi cant reductions in the number 
of in fl ammatory episodes and decreased reliance 
on systemic corticosteroids or other IMT  [  48  ] . 

 The  fl uocinolone acetonide intravitreal implant 
is US Food and Drug Administration (FDA)-
approved for the treatment of chronic, noninfec-
tious uveitis affecting the posterior segment  [  49  ]  
and is currently in clinical trials for the treatment 
of macular edema.  

   Extended-Release Dexamethasone 

 The extended-release dexamethasone implant 
(Ozurdex, Allergan, Irvine, CA, USA) is a 
 biodegradable copolymer of PLGA (poly [lactic-
glycolic] acid) and is designed for intravitreal 
delivery of dexamethasone for approximately 
35 days. It has shown favorable outcomes in the 
treatment of macular edema due to various etiolo-
gies, including diabetic retinopathy, retinal vein 
occlusions, pseudophakic CME, and uveitis, in a 
phase II study with randomized 306 patients 1:1:1 
to Ozurdex 350 ug, Ozurdex 750 ug, or observation 
 [  50  ] . The primary ef fi cacy endpoint was   ≥   2-line 
improvement in BCVA. Secondary endpoints 
included changes in retinal thickness by OCT mea-
surement, change in contrast sensitivity, and 
improvement in angiographic leakage. Currently, 
Allergan completed the initial analysis of data from 
its phase III studies of Ozurdex® for macular 
edema associated with retinal vein occlusion (RVO) 
 [  51,   52  ] . Patients receiving either the 350  m g or the 
700  m g dose of Ozurdex® demonstrated a statisti-
cally signi fi cant increase in vision based on a 3-line 
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or better improvement in visual acuity compared to 
a sham treatment. In addition, both doses of 
Ozurdex® were well tolerated in the studies. Less 
than 7% of patients receiving 700 or 350  m m of 
Ozurdex® experienced an elevation of intraocular 
pressure greater than 35 mmHg at any time during 
the 6-month study, and at 6 months, less than 1% of 
patients had an IOP above 25 mmHg. This new 
delivery system involves a single-use applicator 
that delivers the implant via pars plana injection 
and is performed in the of fi ce setting similar to an 
intravitreal injection. Ozurdex (dexamethasone 
intravitreal implant) has been approved by the FDA 
as  fi rst-line therapy for the treatment of macular 
edema following branch retinal vein occlusion or 
central retinal vein occlusion   

   Vascular Endothelial Growth 
Factor Inhibitors 

 Vascular endothelial growth factor (VEGF) is 
thought to be a primary mediator of the vascular 
alterations in diabetic retinopathy. Vascular 
endothelial growth factor is produced in response 
to hypoxia from capillary loss and/or microaneu-
rysm formation. It is a key mediator of angiogene-
sis and blood-retinal barrier breakdown in the 
ischemic retina. VEGF is upregulated in diabetic 
retinopathy and is present in increased levels in the 
aqueous and vitreous humor of patients with PDR 
 [  52,   53  ] . At least  fi ve isoforms of VEGF are known. 
At the moment of this writing, there are four main 
anti-VEGF agents in clinical use: (1) pegaptanib 
sodium (Macugen; OSI Eyetech Pharmaceuticals 
Inc., New York, NY; and P fi zer Inc., New York, 
NY, USA), (2) ranibizumab (Lucentis; Genentech 
Inc., South San Francisco, CA, USA), (3) bevaci-
zumab (Avastin; Genentech, South San Francisco, 
CA, USA), and (4) Afl ibercept, previously known 
as VEGF-Trap eye (Eylea®, Regeneron 
Pharmaceutics Inc., Tarrytown, NY). 

   Pegaptanib 

 Pegaptanib is a modi fi ed 28-base pegylated RNA 
aptamer that binds VEGF165 and the longer VEGF 
isoforms. It was the  fi rst FDA-approved ophthal-

mologic anti-VEGF agent for the treatment of 
choroidal neovascularization from age-related 
macular degeneration (AMD)  [  54  ] . A phase II clin-
ical trial of pegaptanib in patients with DME fol-
lowed up for 36 weeks resulted in better VA 
outcomes, reduced central retinal thickness, and 
reduced resort to additional photocoagulation ther-
apy when compared with sham injections  [  55  ] . The 
retrospective analysis of a randomized clinical trial 
that aimed to study the effect of pegaptanib on dia-
betic macular edema suggested that pegaptanib 
might also induce neovascular regression  [  56  ] .  

   Ranibizumab 

 Ranibizumab is a recombinant humanized mono-
clonal antibody fragment with speci fi city for all 
isoforms of human VEGF. This quality makes it 
a powerful drug for VEGF inhibition. Intravitreal 
ranibizumab is FDA-approved for the treatment 
of exudative AMD. A pilot study in patients with 
CSME showed that therapy with this drug has the 
potential to maintain or improve VA and reduce 
retinal thickness  [  57  ] . The early experience in 
animal models with proliferative retinopathy and 
neovascular glaucoma shows that posterior and 
anterior neovascularizations are very sensitive to 
anti-VEGF therapy. 

 In a recent study, Nguyen et al.  [  58  ]  compared 
the use of intravitreal ranibizumab (group 1, 42 
patients) with focal/grid laser (group 2, 42 patients) 
or a combination of both (group 3, 42 patients) in 
diabetic macular edema (DME). At month 6 of 
follow-up, they observed that the mean gain in 
BCVA was signi fi cantly greater in group 1 (+7.24 
letters, p = 0.01, analysis of variance) compared 
with group 2 (−0.43 letters), and group 3 (+3.80 
letters) was not statistically different from groups 
1 or 2. Excess foveal thickness was reduced by 
50%, 33%, and 45% in groups 1, 2, and 3, respec-
tively. These results indicated that during 6 months 
of follow-up, the application of intravitreal ranibi-
zumab (0.5 mg) administered at baseline and 
months 1, 3, and 5 had a signi fi cantly better visual 
outcome than focal/grid laser treatment (at base-
line and month 3 if needed) or a combination of 
0.5 mg of ranibizumab and focal/grid laser at 
baseline and month 3 in patients with DME  [  58  ] . 
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 The outcome of two phase III clinical trials 
will increase our knowledge of the role of ranibi-
zumab in the treatment of DME  [  59  ] .  

   Bevacizumab 

 Bevacizumab is a full-length humanized monoclo-
nal antibody against VEGF, which binds to all iso-
forms of human VEGF and its biologically active 
by-products. It is FDA-approved as an adjunctive 
systemic treatment for metastatic colorectal cancer. 
The angiogenic properties of bevacizumab, admin-
istered via intravenous infusion or intravitreal 
injection, have been studied in patients with choroi-
dal neovascularization, macular edema, vitreous 
hemorrhage, and iris neovascularization  [  60,   61  ] . 

 Vascular endothelial growth factor plays an 
important role in many diseases of the posterior 
pole that are characterized by macular edema 
and/or intraocular neovascularization. In most 
parts of the world, both pegaptanib sodium and 
ranibizumab are not readily available. Therefore, 
bevacizumab has been proposed as an alternative 
treatment option. 

 The Pan-American Collaborative Retina Study 
Group (PACORES) previously reported on their 
results on primary intravitreal bevacizumab at 
doses of 1.25–2.5 mg. Intravitreal bevacizumab 
seems to provide stability or improvement in VA, 
OCT, and FA in DME at 6 months  [  62  ]  and 
appears to be safe and well tolerated during the 
 fi rst year  [  63  ] . In addition, PACORES recently 

reported the 24-month anatomic and BCVA 
response after primary intravitreal bevacizumab 
(IVB) in patients with DME  [  20  ] . The results of 
this retrospective study demonstrated the ef fi cacy 
of 1.25 or 2.5 mg of intravitreal bevacizumab as 
primary treatment for DME as 51.8% of eyes 
showed anatomical as well as functional improve-
ment. In addition, these results suggest a reduced 
risk of VA loss in eyes with DME treated with 
intravitreal bevacizumab (97.1% of eyes). All 
eyes received an intravitreal injection at the ini-
tial visit; however, recurrences were retreated at 
the discretion of the treating physician. There 
were a total of 807 IVB injections performed. 
The mean number of IVB injections per eye was 
5.8 (range 1–15 injections) at a mean interval of 
12.2 ± 10.4 weeks. 

 These results indicate that intravitreal bevaci-
zumab injections may have a bene fi cial effect on 
macular thickness and VA for diffuse diabetic 
macular edema (DDME). Optical coherence 
tomography results were available for 139 eyes. 
At 1 month, the mean 1-mm CMT measurements 
decreased from 446.4  m m ± 154.4  m m to 
333.75  m m ± 117  m m (p < 0.001), and this overall 
improvement continued throughout the 24-month 
follow-up (Figs.  21.24  and  21.25 ). Therefore, in 
the future, this new treatment modality could 
replace or complement focal/grid laser photoco-
agulation. Furthermore, focal/grid laser photoco-
agulation could be used to consolidate the results 
obtained with one intravitreal bevacizumab injec-
tion and decrease the need for reinjections.    

Fig. 21.24 (continued) bevacizumab at a dose of 2.5 mg in 
this eye. ( b ) OCT reveals decrease of macular edema and 
SRF at 1 month after bevacizumab injection. The retinal 
map analysis indicates a central foveal thickness of 421  m m. 
Visual acuity (VA) improved to 10/200. ( c ) Three months 
after the injection, the OCT scan shows improvement in 
foveal thickness (354  m m) and almost complete resolution 
of the SRF. VA improved to 20/200. ( d ) Four months after 
the  fi rst injection, his VA diminished to 20/400, and OCT 
scan demonstrated the reappearance of macular edema 
associated to increase of intraretinal cysts and SRF. Central 
foveal thickness increased to 861  m m. He received a second 
injection of intravitreal bevacizumab at a dose of 2.5 mg at 
this point. ( e – g ) OCT scans at 5, 6, and 9 months showed a 
progressive decrease in macular edema, intraretinal cysts, 
and SRF, which were con fi rmed with decreased of central 
foveal thickness (723, 436, and 397  m m, respectively). VA 

also improved progressively (20/200, 20/160, and 20/125, 
respectively). ( h ) Twelve months after the  fi rst injection, 
OCT scan showed resolution of DME, with complete reab-
sorption of SRF and restoration of foveal anatomy. Central 
foveal thickness decreased to 200  m m, and visual acuity 
was 20/80. ( i ) OCT scans at 24 months showed a marked 
resolution of DME, with complete reabsorption of SRF and 
restoration of foveal anatomy. Central foveal thickness was 
157  m m, and the visual acuity improved to 20/50 (Reprinted 
with permission from Arevalo JF, Sanchez JG, Wu L, Maia 
M, Alezzandrini AA, Brito M, Bonafonte S, Lujan S, Diaz-
Llopis M, Restrepo N, Rodríguez FJ, Udaondo-Mirete P; 
Pan-American Collaborative Retina Study Group. Primary 
intravitreal bevacizumab for diffuse diabetic macular edema 
the Pan-American Collaborative Retina Study Group at 
24 months. Ophthalmology 2009 Jun 20 [Epub ahead of 
print])       



  Fig. 21.24    Sequential optical coherence tomography 
(OCT) of a 32-year-old diabetic man with a 3-month his-
tory of loss of vision to counting  fi ngers (CF) in his right 
eye that had developed diabetic macular edema (DME). ( a ) 
A horizontal OCT scan obtained through the fovea revealed 

loss of the normal foveal contour, diffuse macular thicken-
ing, areas of low intraretinal re fl ectivity consistent with 
intraretinal cysts, and subretinal  fl uid (SRF). The retinal 
map analysis revealed a foveal thickness of 943  m m. The 
patient underwent an intravitreal injection of 
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   Afl ibercept 

 Afl ibercept is a recombinant fusion protein that 
consists of portions of human VEGF receptors 1 
and 2 that allows it to bind to VEGF-A, VEGF-B 
and placental growth factor. Afl ibercept has been 
recently approved for the treatment of Age-
related macular degeneration. 

 The Da Vinci Study randomized 221 eyes with 
DME to 0.5 mg of afl ibercept every 4 weeks vs 2 
mg of afl ibercept every 4 weeks vs 2 mg of afl iber-
cept monthly for 3 consecutive monthly doses and 
then every 2 months vs 2 mg of afl ibercept monthly 
for 3 consecutive monthly doses and then on an as 
needed basis (prn) vs macular laser photocoagula-
tion. At the 6 month follow-up, afl ibercept treated 
eyes had a gain of 8.5 to 11.4 letters compared to 
2.5 letters in the laser group  [  64  ] .   

   Controversies and Perspectives 

 There are several reports published on the intrav-
itreal administration of anti-VEGF compounds 
for retinal neovascularization (RN) in diabetic 
retinopathy  [  56,   65  ] . In addition, there are several 
case reports on the use of intravitreal bevaci-
zumab in RN in diabetic retinopathy demonstrat-
ing regression of RN in PDR  [  66–  70  ] . 

 The PACORES group conducted a retrospec-
tive study in 43 eyes of 39 patients with PDR that 
had RN, who were treated with off-label intravit-
real bevacizumab. Patients were followed for 
24 months. Of the total of 43 eyes, 17 (39.5%) 
eyes treated showed total regression of RN on 
fundus examination with absence of  fl uorescein 
leakage (Fig.  21.26a, b ), 15 (34.9%) eyes demon-
strated partial regression of RN on fundus exami-
nation and FA, and 11 (25.6%) eyes showed no 
regression of RN. They have demonstrated that 
intravitreal bevacizumab resulted in marked 
regression and then stability of RN on fundus 

examination and FA in patients with PDR and 
previous PRP  [  33  ] .  

 Regression of neovascularization and decrease 
of retinal thickening occurred in some injected 
eyes as soon as 7–15 days after the intravitreal 
injection of bevacizumab. Twenty-one eyes 
(47.7%) needed a second injection due to recur-
rence of neovascularization at a mean of 12.4 weeks, 
and seven eyes (15.9%) needed a third injection 
due to recurrence of neovascularization at a mean 
of 17.3 weeks. They elected to defer reinjection 
only when there was a recurrence of RN. Optimum 
dose and dosing sequence for IVB is still undeter-
mined. An interesting  fi nding at 24 months is an 
increase in the number of eyes that did not respond 
to IVB with complete RN regression as compared 
with previously published 6-month data  [  71  ] . It is 
possible that over time the effect of IVB on RN 
diminishes and that other means to control RN will 
be necessary including PRP and vitrectomy. 
Although one tractional retinal detachment was 
reported (1 eye; 2.3%) and one (2.3%) eye devel-
oped a vitreous hemorrhage in these series, further 
studies are needed to assess the ef fi cacy and safety 
of IVB in the management of PDR. The authors 
concluded that intravitreal bevacizumab seems to 
be a useful treatment for PDR, minimizing the risk 
for exudative complications, progression of retinal 
neovascularization, vitreous hemorrhage, and 
decreased vision caused by macular edema. 
Intravitreal bevacizumab may potentially be used 
as an adjuvant agent to PRP for PDR. 

 In addition, anti-VEGF drugs may be 
employed as an adjuvant therapy to the surgical 
treatment in diabetic retinopathy  [  72  ] . Their 
potential applications in this  fi eld are as follows:
    1.    Prior to surgery. The intravitreal injection of anti-

VEGF drugs leads to a signi fi cant reduction of 
neovascularization, with a reduction in the adher-
ence of the  fi brovascular complex to the retina. 
This simpli fi es viscodelamination and reduces 
intraoperative bleeding during  delamination and 

Fig. 21.25 (continued) injection, OCT showed a marked 
resolution in macular edema and restoration of foveal 
anatomy. Central foveal thickness was 125  m m, and VA 
improved to 20/160 (Reprinted with permission from 
Arevalo JF, Sanchez JG, Wu L, Maia M, Alezzandrini 
AA, Brito M, Bonafonte S, Lujan S, Diaz-Llopis M, 

Restrepo N, Rodríguez FJ, Udaondo-Mirete P; Pan-
American Collaborative Retina Study Group. Primary 
intravitreal bevacizumab for  diffuse diabetic macular 
edema the Pan-American Collaborative Retina Study 
Group at 24 months. Ophthalmology 2009 Jun 20 [Epub 
ahead of print])       
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  Fig. 21.25    Sequential optical coherence tomography 
(OCT) of a 69-year-old diabetic woman with a 6-month 
history of loss of vision to counting  fi ngers (CF) in her left 
eye that had developed diabetic macular edema (DME). 
( a ) A horizontal OCT scan obtained through the fovea 
revealed loss of the normal foveal contour, diffuse macu-
lar thickening, areas of low intraretinal re fl ectivity consis-
tent with intraretinal cysts, and subretinal  fl uid (SRF). 
The retinal map analysis revealed a foveal thickness of 
619  m m. The patient underwent an intravitreal injection of 
bevacizumab at a dose of 2.5 mg in this eye. ( b ) OCT 
reveals partial resolution of intraretinal macular edema 
and complete reabsorption of SRF at 1 month after beva-
cizumab injection. The retinal map analysis indicates a 
central foveal thickness of 479  m m. Visual acuity (VA) 
improved to 20/400. ( c ) Three months after the injection, 
the OCT scan shows improvement in foveal thickness 
(306  m m). VA improved to 20/200. ( d ) Four months after 
the  fi rst injection, her VA diminished to CF, and OCT scan 
showed the reappearance of macular edema associated to 
increase of intraretinal cysts. Central foveal thickness 
increased to 715  m m. She received a second injection of 
intravitreal bevacizumab at a dose of 2.5 mg at this point. 
( e – g ) At month 6, she received a third injection of intrav-
itreal bevacizumab at dose of 2.5 mg. OCT scans at 5, 6, 
and 9 months showed a progressive resolution in macular 
edema and intraretinal cysts, which were con fi rmed with 

decrease of central foveal thickness (400, 318, and 
173  m m, respectively). VA also improves progressively 
(20/200, 20/200, and 20/125, respectively). ( h ) Twelve 
months after the  fi rst injection, the OCT scan showed 
resolution of DME, with complete reabsorption of SRF 
and restoration of foveal anatomy. Foveal thickness 
decreased to 148  m m, and visual acuity was 20/125. ( i ) 
Sixteen months after the  fi rst injection, her VA diminished 
to 20/400, and the OCT scan showed a reappearance of 
macular edema associated to increase of intraretinal cysts. 
Central foveal thickness increased to 557  m m. She received 
a fourth injection of intravitreal bevacizumab at dose of 
2.5 mg. ( j ) OCT scan at 17 months showed a resolution in 
macular edema and intraretinal cysts. Central foveal thick-
ness decreased to 245  m m, and VA was 20/160. ( k ) 
18 months after the  fi rst injection (2 months after the pre-
vious injection), the OCT scan shows improvement in 
foveal thickness (200  m m). VA improved to 20/125. ( l ) 
Nineteen months after the  fi rst injection, her visual acuity 
diminished to 20/400, and the OCT scan showed the reap-
pearance of macular edema. The retinal map analysis 
indicates a central foveal thickness of 599  m m. She 
received a  fi fth injection of intravitreal bevacizumab at a 
dose of 2.5 mg at this point. ( m ) OCT scan at 20 months 
showed resolution in macular edema and intraretinal 
cysts. Central foveal thickness decreased to 316  m m. VA 
improved to 20/200. ( n ) Twenty-four months after the  fi rst 
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segmentation. To minimize the risk of tractional 
retinal detachment due to the contraction of 
 fi brovascular tissue, vitrectomy must be per-
formed within 1 week after the injection.  

    2.    To decrease the risk of postoperative bleeding. 
Recurrent vitreous hemorrhages after vitrec-
tomy are often due to small bleeding from per-
sistent neovascularization. The injection of 
anti-VEGF drugs at the end of vitrectomy 
could prevent bleeding from these vessels by 
blocking the proin fl ammatory stimulus of the 
surgical procedure.  

    3.    To treat postoperative vitreous hemorrhage. 
The intravitreal injection of anti-VEGF drugs 
in patients with postoperative bleeding leads 
to resolution of the hemorrhage.  

    4.    To treat rubeosis iridis. In eyes with complete 
panretinal photocoagulation, the combination 
of cryotherapy and intravitreal anti-VEGF 
injection in the same surgical procedure pro-
duces disappearance of iris neovascularization 
together with a long-term effect with no recur-
rences. In neovascular glaucoma, anti-VEGF 
drugs can also facilitate  fi ltrating surgery  [  72  ] .     
 The PACORES group has identi fi ed 25 eyes 

(patients) out of 698 IVT injections that developed 
or had progression of tractional retinal detachment 
(TRD) with decreased BCVA after intravitreal bev-
acizumab prior to vitrectomy for the management 
of PDR (Fig.  21.27 )  [  33  ] . The natural course of 

PDR is characterized by a cycle of proliferation 
and regression typical of new vessels, proliferation 
of  fi brous tissue accompanying new vessels, for-
mation of adhesions between the  fi brovascular pro-
liferations and the posterior vitreous surface, and 
contraction of the posterior vitreous surface and 
associated proliferation. The development or pro-
gression of TRD in PDR following intravitreal 
bevacizumab in our patients could have happened 
by natural history or rapid neovascular involution 
with accelerated  fi brosis and posterior hyaloidal 
contraction as a response to decreased levels of 
VEGF. In the current study, eleven (44%) patients 
used insulin administration as sole therapy for gly-
cemic control, seven (28%) diabetic patients con-
trolled glycemic levels with oral therapy, and the 
remainder seven (28%) patients used combination 
therapy with insulin and oral hypoglycemic agents 
for glycemic control. They all had uncontrolled 
diabetes associated with elevated glycosylated 
hemoglobin (HbA1c mean = 9.2%). Results of this 
study suggest that TRD in PDR may occur or prog-
ress after intravitreal bevacizumab used as an adju-
vant to vitrectomy. However, in the eyes that 
underwent vitrectomy, they had the impression that 
there was a reduced risk of intraoperative bleeding 
facilitating the removal of  fi brovascular mem-
branes. When neovascularization regresses, the 
 fi brovascular complex becomes a  fi brous tissue 
that can be removed through slight traction or 

  Fig. 21.26    A 53-year-old man had a 2-month history of 
visual loss to 20/60 in his right eye. We had performed 
panretinal photocoagulation (PRP) in his right eye 2 years 
previously. Fundus examination revealed a mild vitreous 
hemorrhage. ( a ) Fluorescein leakage from neovasculariza-
tion of the disk (NVD) at baseline ( arrows ) between retinal 
vessels crossing the optic disk was demonstrated. In addi-

tion,  fl uorescein angiography (FA) showed magni fi cation 
of retinal neovascularization elsewhere (NVE) in the supe-
ronasal retina ( arrowhead ). ( b ) At week 1 after intravitreal 
bevacizumab, total resolution of leakage from NVD and 
NVE is shown. His visual acuity returned to 20/32 one 
month later. He needed a reinjection at months 6, 14, and 
24 of follow-up. A PRP was performed at 24 months       
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 segmented with a vitrectomy probe with minimal 
bleeding. As we know, a bloodless  fi eld allows for 
better visibility, and the surgeon may be less likely 
to create an iatrogenic retinal break. In addition, 
the chances of postoperative complications such as 
rebleeding or  fi brinoid syndrome may be decreased. 
Although one case report suggests that the injec-
tion of pegaptanib before vitrectomy for prolifera-
tive diabetic retinopathy facilitates surgery  [  73  ] , 
the most common anti-VEGF drug employed for 
this purpose is bevacizumab  [  63–  71  ] . All these 
advantages may allow the surgeon to save more 
eyes utilizing preoperative intravitreal bevaci-
zumab regardless of increased traction on some 
severe PDR cases. Moreover, most patients with 
development or progression of TRD had poorly 
controlled diabetes mellitus associated with elevated 
HbA1c, insulin administration, PDR refractory to 

panretinal photocoagulation, and longer time 
between intravitreal bevacizumab and vitrectomy. 
These factors need to be studied to determine if 
they are indeed risk factors for the development or 
progression of TRD after preoperative intravitreal 
bevacizumab in PDR. Surgery should be performed 
4 days after intravitreal bevacizumab as most TRD 
cases occur  ³ 5 days after the injection.   

   Focal Points 

 Diabetic retinopathy is a highly speci fi c vascular 
complication of both type 1 and type 2 diabetes. 
The prevalence of retinopathy is strongly related 
to the duration of diabetes. Diabetic retinopathy 
is still a cause of blindness. Diabetic eye disease 
severely affects quality of life for patients with 

  Fig. 21.27    ( a ) Color photograph and ( b )  fl uorescein 
angiogram (FA) before intravitreal bevacizumab. FA 
revealed marked hyper fl uorescence resulting from leak-
age of dye from new vessels and  fi brous tissue on the disk 
(NVD), new vessels and  fi brous tissue temporal to the 
fovea (NVE), and diffuse macular edema. The retina is 
attached, and best-corrected visual acuity (BCVA) is 

20/80. ( c ) Color photograph and ( d ) FA 1 week after 
2.5 mg of intravitreal bevacizumab demonstrating dense 
 fi brous tissue contraction and tractional retinal detach-
ment temporal to the fovea and along the superotemporal 
vascular arcade. BCVA is hand motions at 2 m (Courtesy 
of Jans Fromow-Guerra, M.D., and Virgilio Morales-
Canton, M.D.)       
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diabetes by decreasing visual acuity and increas-
ing the risk of blindness. 

 Treatment modalities that exist can prevent or 
delay the onset of diabetic retinopathy, as well as 
prevent loss of vision, in a large proportion of 
patients with diabetes. The DCCT and the 
UKPDS  [  21  ]  established that intensive diabetes 
management to obtain near-euglycemic control 
can prevent and delay the progression of diabetic 
retinopathy. The treatment involves not just laser 
photocoagulation and vitrectomy surgery but 
now also includes control of blood glucose, 
hypertension, and serum lipids. 

 Pharmacotherapy is making an impact on the 
treatment of diabetic retinopathy, and many treat-
ments are currently under investigation. The future 
holds promise with improved pharmacotherapies 
that may decrease the progression of diabetic retin-
opathy and diabetic macula edema and help with 
the treatment of the many complications than can 
occur due to PDR. The results from clinical trials 
with protein kinase C (PKC) inhibitors, intravit-
real steroids, ACE inhibitors, hyaluronidase, and 
specially anti-VEGF agents are promising, and 
further clinical trials are ongoing, and the role of 
pharmacologic treatments will become clearer for 
the treatment and reduction of visual loss of DR.      
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   Introduction 

 Systemic (essential) hypertension, which affects 
almost one-third of adults in the United States, is 

a major risk factor for cardiovascular disease, 
stroke, and death  [  1  ] . 

 Hypertension directly affects the retinal and 
choroidal circulations, causing hypertensive 
retinopathy and choroidopathy. In addition, 
hypertension is associated with acceleration of 
diabetic retinopathy and also increases the risk of 
retinal vascular occlusion, ischemic optic neu-
ropathy, retinal artery macroaneurysm, and other 
diseases. Because hypertension is frequently 
asymptomatic, the presenting signs or symptoms 
may be visual. Thus, the practicing ophthalmolo-
gist should possess a familiarity with this disease 
and its myriad effects on the posterior segment of 
the eye.  
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  Abstract 

 Systemic (essential) hypertension is common and has well-described 
effects on the retinal and choroidal vasculature. Because systemic hyper-
tension is frequently asymptomatic, the presenting signs and symptoms 
may be visual. Hypertensive retinopathy has been linked to increased vas-
cular morbidity and mortality. Therefore, early detection of ophthalmologic 
changes may lead to intensi fi ed blood pressure management, thus preserv-
ing vision and improving general health. In addition, hypertension is asso-
ciated with several important retinal diseases, including retinal vascular 
occlusion, diabetic retinopathy, and anterior ischemic optic neuropathy.  

  Keywords 

 Hypertensive retinopathy  •  Hypertensive choroidopathy  •  Hypertensive 
optic neuropathy      
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   Hypertensive Retinopathy 

 “Albuminuric retinitis” was initially noted by 
Leibreich in 1859  [  2  ] , and Marcus Gunn pub-
lished detailed case descriptions in 1892  [  3  ] . 
Hypertensive retinopathy is the most common 
ophthalmic manifestation of hypertension  [  4  ] , 
with a reported prevalence of 2–14% in nondia-
betic adults over age 40 years  [  5  ] . Detection of 
hypertensive retinopathy is important to preserve 
vision and to guide treatment of the underlying 
systemic disease  [  1  ] . 

 Multiple clinical grading systems have been 
published. The four-stage Keith-Wagener-Barker 
classi fi cation was described in 1939  [  6  ] , and the 
 fi ve-stage Scheie classi fi cation was described in 
1953  [  7  ] . More recently, a simpler three-stage 
classi fi cation has been proposed (Table  22.1 )  [  8  ] . 
Regardless of the classi fi cation scheme, the pro-
gression of the disease generally follows the 
known pathophysiology  [  9  ] . Initially, retinal arte-
riolar constriction occurs as part of an autoregu-
latory mechanism  [  10  ] . With continued disease, 
breakdown of the inner blood-retinal barrier 
occurs, with subsequent hemorrhages and exu-
dates, followed by retinal edema (Fig.  22.1a, b ). 
In advanced cases, optic nerve edema (hyperten-
sive optic neuropathy) may ensue, which is 
caused by ischemia leading to axonal edema  [  11  ]  
(Fig.  22.2a, b ).    

 The differential diagnosis of hypertensive 
retinopathy is listed in Table  22.2   [  12  ] . Selected 
reported risk factors for hypertensive retinopathy 
are listed in Table  22.3 .   

 Hypertensive retinopathy is typically bilateral, 
although unilateral disease has been reported in 
the setting of contralateral carotid disease  [  13  ] . 
Optical coherence tomography of advanced cases 
typically may demonstrate cystoid macular 
edema and subretinal  fl uid  [  14,   15  ] . 

 Hypertensive retinopathy may predict 
increased risks of systemic morbidity and mor-
tality. Large population-based studies have 
documented statistically signi fi cant associa-
tions between worsening degrees of hyperten-
sive retinopathy and risks of stroke  [  16  ] , 
cognitive impairment  [  17  ] , and cardiovascular 
death  [  18  ] .  

   Hypertensive Choroidopathy 

 Hypertensive choroidopathy is more common in 
younger patients, whose retinal vessels are not 
yet sclerotic from exposure to chronic hyperten-
sion  [  9  ] . Although there is no formal grading sys-
tem for hypertensive choroidopathy, the clinical 
manifestations follow the histopathology  [  19  ] . 
Initial ischemia is followed by chronic choroidal 
vascular occlusion and ultimately recanalization 
of the choroidal vessels. 

 Clinically, choroidal infarcts may manifest as 
Elschnig spots  [  20  ]  (Fig.  22.3a, b, c ) or less com-
monly as Siegrist’s streaks. If the choroidopathy 
involves the macula, permanent visual loss may 
result  [  21  ] . Continued ischemia of the retinal 
pigment epithelium may lead to exudative 
(serous) retinal detachment (Fig.  22.4 ). In severe 
cases, massive suprachoroidal hemorrhage may 
occur, with associated anterior displacement of 
the lens-iris diaphragm and nonpupillary block 
angle closure  [  22  ] .    

   Indirect Effects 

 Hypertension is a risk factor for a variety of reti-
nal and choroidal diseases, summarized in 
Table  22.4  (Fig.  22.5a, b, c ). For many of these 
diseases, an association is well documented, 
while for others, an association is suspected but 
has not been conclusively demonstrated  [  5  ] .    

   Table 22.1    Classi fi cation of hypertensive retinopathy 
(Adapted from  [  8  ] )   

 Degree  Associated  fi ndings 

 Mild  Arteriovenous crossing changes (“nicking”) 
 Generalized or focal arteriolar attenuation 
 Widening or accentuation of arteriolar light 
re fl ex (“copper wiring”) 

 Moderate  Retinal hemorrhages 
 Cotton-wool spots 
 Microaneurysms 
 Hard exudates 

 Malignant  Optic disk edema 
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  Fig. 22.1    ( a ) Color photograph of hypertensive patient 
depicting features of moderate hypertensive retinopathy, 
including generalized arteriolar narrowing, cotton-wool 

spots, and small intraretinal hemorrhages. ( b ) Fluorescein 
angiogram (FA) reveals localized areas of capillary 
nonperfusion       

  Fig. 22.2    ( a ) Color photograph documenting hyperten-
sion-induced optic neuropathy, along with hypertensive 
retinopathy and choroidopathy. Intraretinal hemorrhages, 
cotton-wool spots, exudates, and areas of choroidal isch-
emia are readily apparent. The patient was admitted to the 

emergency department for management of markedly ele-
vated blood pressure of 240/120. ( b ) Color photograph of 
same patient, showing early resolution of hypertensive 
features now 2 weeks following control of systemic 
hypertension (BP 120/72)       

   Table 22.2    Differential diagnosis of hypertensive retin-
opathy (Adapted from  [  12  ] )   

 Differential diagnosis  Reference 

 Age-related retinal vascular arteriosclerosis   [  30  ]  
 Collagen vascular disease 
 Diabetic retinopathy 
 High-altitude retinopathy   [  31  ]  
 Macular telangiectasis 
 Ocular ischemic syndrome 
 Radiation retinopathy   [  32  ]  
 Venous occlusive disease 

   Table 22.3    Selected reported risk factors for hyperten-
sive retinopathy   

 Risk factor  Reference 

 Female gender   [  33  ]  
 African ancestry   [  34  ]  
 Deletion polymorphism in the angiotensin-
1-converting enzyme gene 

  [  35  ]  

 Low plasma adiponectin levels   [  36  ]  
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   Controversies and Perspectives 

 After 150 years, there remains no consensus clin-
ical grading system for hypertensive retinopathy. 

The three-step classi fi cation discussed here is 
straightforward but not universally accepted. 

 Because most patients with hypertensive retin-
opathy are asymptomatic, there are legitimate 
questions regarding screening. Some authors have 
suggested that all hypertensive patients undergo 
regular dilated fundus examinations, although 

  Fig. 22.3    ( a ) Color photograph showing multiple punc-
tate areas of choroidal ischemia (Elschnig spots) in a 
young patient with acute hypertension. The patient had 
mild visual blurring. ( b ) Early frame of FA documenting 

punctate areas of blocked  fl uorescence corresponding to 
the regions of choroidal ischemia. ( c ) Later frame of the 
FA revealing punctate spots of hyper fl uorescence corre-
sponding to the areas of choroidal ischemia       

  Fig. 22.4    Color photograph revealing an exudative, 
serous retinal detachment in a patient with extreme chor-
oidal ischemia secondary to hypertension       

   Table 22.4    Retinal and choroidal diseases associated 
with hypertension (Adapted from  [  5  ] )   

 Well-documented associations  Reference 

 Anterior ischemic optic neuropathy   [  37  ]  
 Diabetic retinopathy   [  38  ]  
 Retinal arterial macroaneurysm   [  39  ]  
 Retinal artery occlusion   [  40  ]  
 Retinal emboli   [  41  ]  
 Retinal vein occlusion   [  42  ]  
  Suspected associations  
 Age-related macular degeneration   [  43  ]  
 Open-angle glaucoma   [  44  ]  
  Rarely reported associations  
 Macular hole   [  45  ]  
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there is no convincing evidence in support of this 
recommendation  [  5  ] . The National High Blood 
Pressure Education Program Education Working 
Group recommends screening hypertensive chil-
dren for retinopathy  [  23  ] , although one study of 
hypertensive children showed a low rate of retinal 
 fi ndings, all of which were mild  [  24  ] . 

 Using retinal  fi ndings to guide systemic treat-
ment is an imperfect strategy. Direct ophthalmos-
copy has been reported to correlate poorly with 
blood pressure measurements in patients with 
mild to moderate hypertension, with signi fi cant 
interobserver and intraobserver variability  [  25  ] . 
Digital fundus photography and automated image 
analysis may improve the diagnostic accuracy of 
retinal imaging in the future  [  26  ] .  

   Summary 

 It has been suggested that treatment of the under-
lying hypertension may lead to improvement of 

hypertensive retinopathy  [  27  ] , yet there are no 
data from randomized clinical trials regarding 
this  [  28  ] . Calcium channel blockers have been 
proposed as possible neuroprotective agents to 
treat hypertensive retinopathy  [  29  ] , but at the 
present time, evidence of their effectiveness in 
hypertensive patients is lacking.  

   Focal Points 

    Hypertension is common among adults in the • 
United States.  
  Posterior segment manifestations are common • 
in hypertensive patients.  
  Hypertensive retinopathy is associated with • 
increased risks of stroke, cognitive impair-
ment, and cardiovascular death.  
  Hypertension increases the risks of other reti-• 
nal diseases, including retinal vascular occlu-
sions, diabetic retinopathy, and anterior 
ischemic optic neuropathy.         

  Fig. 22.5    ( a ) Color photograph of a hypertensive patient 
who developed a retinal arterial macroaneurysm, sur-
rounded by intra- and subretinal hemorrhage, superonasal 
to the macula. ( b ) Early frame of the FA showing 

hyper fl uorescence at the site of the macroaneurysm, sur-
rounded by blockage of  fl uorescence secondary to the 
hemorrhage. ( c ) Later frame of the FA showing leakage at 
the site of the macroaneurysm       
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   Introduction 

 Mankind’s understanding of illness, including 
hematologic disease, can  fi rst be credited to 
Hippocrates, who attributed physiologic mala-
dies to humoral excess or de fi ciency. Further 
understanding stalled until the development of 
the microscope by Anthony Van Leeuwenhoek 
in 1642 and the  fi rst observation of a cell by 
Robert Hooke in 1665  [  1  ] . William Hewson, the 
father of hematology, was the  fi rst to describe 
leukocytes and clotting factors during the late 
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  Abstract 

 Hematologic diseases often share clinical features within the choroid and 
retina because of the limited number of cell line or lines affected. No one 
chorioretinal change is speci fi c for a particular hematologic anomaly; 
rather, it is the context and pattern that help guide clinical diagnoses. 
Retinal and choroidal manifestations of hematologic illness may be criti-
cal not only in identifying new or recurrent illness but also in ultimately 
reducing patient morbidity and mortality. Therefore, it is paramount that 
an open and regular dialogue be maintained between a patient’s hematolo-
gist and ophthalmologist.  
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eighteenth century  [  2  ] . The relative explosion of 
discovery and knowledge during this era would 
result in the elucidation of thalassemia by 
Thomas Cooley, leukemia by Rudolph Virchow, 
and the development of cell theory by Schwann, 
Schleiden, and Virchow in the mid-nineteenth 
century  [  3  ] . Yet hematologic disease, despite 
advancements in diagnostics and therapeutics, 
still remains a signi fi cant cause of morbidity and 
mortality. 

 The treatment arm of medicine has evolved 
beyond bloodletting, but this has not changed the 
overall idea of eradicating or replacing overpopu-
lating or overacting cells without devastating 
normal host physiology. In recent years, advances 
in medical and radiation oncology have increased 
survival time for many blood dyscrasias, yet one 
challenge still remains. The detection of these ill-
nesses requires symptomatic patients or the for-
tune of asymptomatic detection during routine 
evaluation, such as an abnormal complete blood 
count or palpable mass. Therefore, although most 
patients with hematologic disease are referred to 
ophthalmology with known diagnoses, on occa-
sion, the presenting symptoms of such illnesses 
can be ocular. In fact, the ocular  fi ndings described 
by Liebreich in 1863 and by Moore in 1925 
remain accurate for many hematologic diseases 
 [  4  ] . The fundus  fi ndings, though, may often not 
be diagnostic for a speci fi c blood dyscrasia 
because these neoplasms arise from aberrations 
occurring at particular points in cellular develop-
ment of common precursors. Nevertheless, the 
ultimate goal in recognizing these clinical seque-
lae is the need to promptly treat new or recurrent 
disease with the tools at hand today.  

   Anemia 

 Anemia is a common laboratory  fi nding associ-
ated with a variety of hematologic and non-
hematologic disorders and is de fi ned as a 
decreased circulating red blood cell (RBC) 
mass. Anemia can be divided into those caused 
by decreased RBC production and those caused 
by increased RBC destruction. Decreased pro-
duction may be caused by decreased bone 

 marrow stimulation by erythropoietin, as occurs 
in renal failure; decreased marrow cellularity, 
such as myelo fi brosis and aplastic anemia; com-
ponent de fi ciencies in hemoglobin production, 
such as iron de fi ciency or vitamin B12 
de fi ciency; and abnormal or de fi cient hemoglo-
bin, as is seen with the thalassemias or sickle 
cell disease. Increased RBC destruction is 
caused by blood loss or hemolysis. Hemolysis 
may occur by mechanical forces, such as 
mechanical heart valves and microangiopathic 
hemolytic anemias, abnormal RBC structures, 
such as spherocytosis and elliptocytosis, or 
immune-mediated RBC destruction, such as 
autoimmune hemolytic anemia. Anemia is also 
a frequent  fi nding in chronic infections, malig-
nancies, autoimmune disorders, and hepatic and 
renal insuf fi ciency (Table  23.1 )  [  5  ] .  

   Table 23.1    Various causes of anemia a    

 I. Acute blood loss 
 II. Hypoproliferative 
   (a) Low erythropoietin states (renal disease) 
   (b) Anemia of chronic disease 
   (c) Component de fi ciency 
    (i) Iron de fi ciency 
    (ii) Vitamin B12 de fi ciency 
    (iii) Folate de fi ciency 
   (d) Bone marrow failure 
    (i) Aplastic anemia 
    (ii) Pure red cell aplasia 
    (iii) Myelophthisis 
    (iv) Myelo fi brosis 
 III. Hyperproliferative 
   (a) Hemolytic anemia 
    (i) G6PD de fi ciency 
    (ii) Autoimmune hemolytic anemia 
    (iii) Microangiopathic hemolytic anemia 
     1. TTP/HUS 
     2. DIC 
     3. Mechanical heart valve 
    (iv) Hemoglobinopathies 
     1. Thalassemia 
     2. Sickle cell disease 
    (v) Spherocytosis 
    (vi) Paroxysmal nocturnal hemoglobinuria 

   a  TTP / HUS  thrombotic thrombocytopenic purpura/ 
hemolytic uremic syndrome,  DIC  disseminated intravas-
cular coagulation  
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 Fundus  fi ndings in severe anemia may include 
optic disk swelling, intraretinal hemorrhages, reti-
nal edema, and cotton-wool spots (CWS). These 
 fi ndings are frequently present in patients with a 
hematocrit less than 30% and are present in many 
patients with coexisting thrombocytopenia  [  6–  8  ] . 

 Anemia can cause retinal and choroidal pathol-
ogy through a variety of mechanisms. Severe 
anemia causes end-organ hypoxia that can lead to 
vascular remodeling and endothelial dysfunction. 
Compensatory vasodilation can explain the vas-
cular tortuosity that is seen in some cases of 
severe anemia  [  9  ] . Hemolysis of various etiolo-
gies creates a pro-thrombotic state through a 
complex interaction of extracellular hemoglobin, 
nitric oxide depletion, and vascular dysregula-
tion. Nitric oxide (NO) is a potent free radical 
and vasodilator that is derived from arginine and 
produced by the enzyme nitric oxide synthase. 
Intravascular hemolysis causes release of free 
hemoglobin, which rapidly reacts with and 
destroys circulating nitric oxide. Additionally, 
release of intracellular enzymes such as erythro-
cyte arginase converts circulating arginine to 
other amino acids, leading to decreased NO pro-
duction by shunting arginine away from the nitric 
oxide synthase (NOS) pathway (Fig.  23.1 )  [  10  ] . 
A resultant hypercoagulable effect may explain 
 fi ndings sometimes found in patients with ane-
mia such as cotton-wool spots, retinal edema, and 
neovascularization. Choroidal thrombosis and 

vascular stasis may explain the serous macular 
detachment that is reported in various anemia-
associated disorders.  

 Erythropoietin is a glycoprotein hormone pro-
duced in the kidney that promotes erythrocyte 
differentiation from bone marrow precursor cells. 
While anemia due to renal insuf fi ciency is a com-
mon cause of anemia due to depressed erythro-
poietin production, most etiologies of anemia 
result in compensatory overexpression of eryth-
ropoietin, and this may play a role in promoting 
neovascularization in patients with anemia due to 
various causes. Increased erythropoietin stimu-
lates retinal neovascularization in diabetic retin-
opathy and other ischemic retinal processes and 
may incite neovascularization in certain cases of 
severe anemia  [  11  ] . 

 Many causes of anemia have associated plate-
let and coagulation disorders. Aplastic anemia is 
commonly part of a pancytopenia with severe 
de fi ciencies of platelets and white blood cells. 
There is an increased prevalence of retinal hem-
orrhages in anemia patients with an associated 
thrombocytopenia. Thrombotic microangiopa-
thies, such as thrombotic thrombocytopenic pur-
pura/hemolytic uremic syndrome (TTP/HUS) 
and disseminated intravascular coagulation 
(DIC), often have an associated consumptive 
thrombocytopenia, caused by widespread platelet 
activation and microvascular thrombosis. 
Consumption, and in severe cases depletion, of 

  Fig. 23.1    Hemolysis cascade        
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clotting factors results in a paradoxical promotion 
of widespread bleeding. Iron de fi ciency anemia 
is often accompanied with a reactive thrombocy-
tosis, although the effect of the increased plate-
lets on the retinal and choroidal vasculature is 
unclear. 

   Aplastic Anemia 

 Aplastic anemia is characterized by decreased or 
absent hematopoietic precursor cells in the bone 
marrow, resulting in severe de fi ciencies of RBCs, 
platelets, myeloid, and lymphoid cells. Severe 
anemia and thrombocytopenia can result in 
intraretinal, preretinal, and vitreous hemorrhage, 
in addition to white-centered hemorrhages and 
cotton-wool spots  [  12  ] . Severe intraretinal hem-
orrhage in the setting of profound thrombocy-
topenia can result in a hemorrhagic retinoschisis 
 [  13  ] . An occlusive vasculopathy has been reported 
in association with Fanconi anemia, a rare inher-
ited form of aplastic anemia  [  14–  16  ] .   

   Hemoglobinopathies 

   Sickle Cell Disease 

 Adult hemoglobin is formed from a tetramer of 
two alpha-like globulin chains and two beta-like 
globulin chains. Subtle differences in the alpha-
like and beta-like chains result in the formation 
of different hemoglobins, such as embryonic and 
fetal hemoglobin, that possess an oxygen disso-
ciation curve appropriate for various phases of 
prenatal and postnatal life. Normal adult hemo-
globin is composed of two alpha globulins and 
two beta globulins and is characterized by high 
solubility. Minor structural alterations can result 
in dramatic changes in solubility. 

 Hemoglobin S is a result of a mutation in the 
beta globulin gene, which results in the substitu-
tion of valine for glutamic acid. Structurally, 
hemoglobin S in its deoxygenized state forms 
long polymers that damage cell membranes and 
results in the sickled microscopic appearance of 
red blood cells. These sickled RBCs result in 

 vascular occlusion, intravascular and extravascular 
hemolysis, and ischemia in organs where RBCs 
are commonly sequestered, such as the lungs, 
spleen, kidney, and liver. In addition, RBC hemo-
lysis can alter key vascular homeostatic mecha-
nisms, such as the NO pathway as discussed 
previously. Altered expression of cell membrane 
proteins may also contribute to vascular stasis 
and thrombosis. Reticulocytes—immature RBCs 
released from a compensating bone marrow—
have increased expression of surface integrins, 
which bind to vascular cell adhesion molecule-1 
(VCAM-1) on activated vascular endothelial 
cells. Endothelial cells also have increased 
expression of adhesion molecules leading to cel-
lular stasis, increased oxygen extraction from 
RBCs, and promotion of sickling, leading to a 
downward spiral of hemostasis, sickling, acido-
sis, and ischemia  [  17  ] . 

 Patients homozygous for HbS (SS disease) 
will have sickle cell disease with chronic anemia 
and multisystem ischemic complications, such as 
bone necrosis, hypoxia, and strokes. Proliferative 
and non-proliferative sickle cell retinopathies are 
more common in patients with heterozygous HbS 
mutations combined with other hemoglobinopa-
thies such as patients with hemoglobin SC dis-
ease or those with sickle cell thalassemia. 

 Ocular complications of sickle cell disease are 
often described as non-proliferative and prolifer-
ative. Angioid streaks are present in approxi-
mately 1–2% of patients with sickle cell disease 
and may be more common in patients with HbSS 
and S-Thal disease  [  18,   19  ] . Nonspeci fi c vascular 
alterations such as arteriolosclerosis and vascular 
tortuosity are common. “Salmon patch” lesions 
and “black sunbursts” are considered hallmark 
 fi ndings of non-proliferative sickle retinopathy. 
Salmon patch hemorrhages are intraretinal or 
preretinal hemorrhages with a bright red “salmon” 
color that often will change with time, represent-
ing ongoing hemoglobin metabolism. Old lesions 
that resolve may leave behind a schisis cavity 
containing refractile particles  [  20  ] . Histologic 
analysis reveals intra- and extracellular iron 
deposits in the schisis cavities  [  21  ] . “Black sun-
bursts” are areas of subretinal hemorrhage that 
lead to reactive retinal pigment epithelium (RPE) 
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hyperplasia (Fig.  23.2 ). Vision loss due to macu-
lar ischemia can be diagnosed with  fl uorescein 
angiography showing an enlarged foveal avascu-
lar zone. The “macular depression sign” has been 
described by Goldbaum and is thought to repre-
sent thinning of the inner retina as a result of 
macular ischemia  [  22  ] . Choroidal ischemia can 
also be demonstrated with angiography  [  23  ] .  

 Branch and central retinal arterial occlusion 
can spontaneously occur in patients with sickle 
cell disease in the absence of typical  fi ndings of 
sickle cell retinopathy  [  24–  26  ] . Rarely, retinal 
ischemia may result in a visual  fi eld defect that 
mimics an optic neuropathy  [  27  ] . 

 Proliferative sickle retinopathy (PSR) occurs 
in approximately 40% of HbSC patients and only 
20% of SS patients  [  28  ] . PSR has been classi fi ed 
into  fi ve stages by Goldberg  [  29  ] . Stage 1 con-
sists of the presence of peripheral nonperfusion 
(Fig.  23.3 ). Stage 2 demonstrates peripheral arte-
riovenous anastamoses. Stage 3 is characterized 
by the presence of “sea-fan” neovascularization 
(Fig.  23.4a ,  b ). Stage 4 is de fi ned by the presence 
of vitreous hemorrhage. Patients with stage 5 dis-
ease have a tractional or rhegmatogenous retinal 
detachment.   

 Treatment focuses primarily on preventing 
progression of PSR. In patients with active 
 neovascularization, scatter retinal photocoagulation 
reduces the likelihood of progression to stage 4 
and 5 disease. Although patients with small areas 
of neovascularization can be observed safely, 
some authors argue that any apparent neovascu-
larization should be treated as the risk of compli-
cations associated with laser photocoagulation is 
small. Several treatment strategies have been 
described. One is to apply laser burns to the area 
of retina immediately anterior to the area of neo-
vascularization  [  30  ] . Another is circumferential 
application of laser to the peripheral retina, which 
is preferred in cases with extensive neovascular-
ization and in patients whose compliance with 
follow-up may be poor  [  31  ] . Feeder vessel photo-
coagulation is highly effective in causing involu-
tion of sea fans but has fallen out of favor because 
of a high risk of complications, such as second-
ary retinal-choroidal neovascularization and reti-
nal detachment  [  32,   33  ] . It is important to 
recognize that approximately 60% of sea fans 
will involute over time without treatment  [  20  ] . 

 Vitreous levels of vascular endothelial growth 
factor (VEGF) are elevated in patients with PSR, 
making intravitreal anti-VEGF treatment an 
attractive therapeutic option  [  34  ] . There are two 
reported cases in the literature showing regres-
sion of active neovascularization following intra-
vitreal injection of bevacizumab in patients with 
proliferative sickle retinopathy  [  35,   36  ] . 

 Surgical treatments for retinal complications 
of PSR are fraught with dif fi culty for a variety of 
reasons  [  20,   37  ] . First, compromise of choroidal 
circulation puts patients at risk for anterior 
 segment ischemia following scleral buckling 

  Fig. 23.2    A black sunburst lesion in a boy with sickle 
cell retinopathy       

  Fig. 23.3    Stage 1 proliferative sickle retinopathy con-
sists of peripheral nonperfusion       
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 procedures  [  38,   39  ] . Second, compromised reti-
nal and optic nerve microvasculature introduces a 
risk of macular and/or optic nerve infarction as 
the eye is pressurized intraoperatively  [  40  ] . 
During surgery, inadvertent retinal breaks occur 
with relative ease because of the presence of thin, 
ischemic peripheral retina, ischemic retina, as is 
vitreous hemorrhage from traction on sea-fan 
neovascularization. Vitreoretinal surgery is also 
complicated in sickle cell patients because of an 
increased risk of postoperative glaucoma caused 
by sickled RBCs clogging the trabecular mesh-
work. Acetozolamide is contraindicated intra- or 
postoperatively because it lowers serum pH and 
contributes to increased sickling  [  41  ] . Routine 
exchange transfusion is advocated by some to 
decrease the risk of sickling perioperatively, 
though other authors believe this is probably 
unnecessary  [  42–  44  ] . 

 Several systemic treatments are used to 
address the complications of SCD. Hydroxyurea 
is a commonly used agent in the management of 
SCD and has been shown to decrease hospital-
ization rates and prolong survival. Transfusions 
are used to lower the percentage of sickle hemo-
globin in the circulation and may help prevent 
pain crises and stroke. Deferoxamine, an iron 
chelator used to prevent iron overload, is associ-
ated with a toxic retinopathy. There are no effec-
tive available treatments for non-proliferative 
complications of sickle cell retinopathy, although 

insights into the pathogenesis of sickle cell vas-
culopathy may promote new treatments that can 
prevent sickling and end-organ ischemia. 
Sildena fi l, which increases intracellular cyclic 
guanosine monophosphate; bosentan, an 
endothelin receptor blocker already in use for 
treatment of pulmonary hypertension; and other 
treatments that are aimed at raising nitric oxide 
levels are being evaluated in clinical trials  [  45  ] . 
Allogeneic hematopoietic stem cell transplanta-
tion appears to be a dramatic but promising 
method that can reverse the sickle phenotype in 
severely affected patients  [  46  ] . Case reports have 
reported improvement in ischemic maculopathy 
with transfusion exchange  [  47,   48  ] .  

   Thalassemia 

 The thalassemias are a group of diseases character-
ized by decreased production of alpha or beta chains 
that comprise normal adult hemoglobin, resulting in 
an imbalance in the alpha to beta chain ratio and 
decreased hemoglobin production. The minor thal-
assemias are characterized by decreased production 
of one alpha or beta chain and are largely asymp-
tomatic. Patients with intermediate thalassemia syn-
dromes are frequently asymptomatic until 
adolescence and have a decreased production of one 
of the alpha and beta chains in addition to an abnor-
mal hemoglobin (e.g., sickle cell thalassemia, HbE/

  Fig. 23.4    ( a ,  b ) “Sea-fan” neovascularization with dye leakage at the border of an area of nonperfused retina in a late-
frame  fl uorescein angiogram       
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beta-thalassemia). Patients with beta-thalassemia 
major lack both beta chains and are dependent on 
regular blood transfusions for survival. 

 Ocular  fi ndings include venous tortuosity, 
degenerative RPE changes, and angioid streaks. 
RPE degeneration is more common in patients 
with thalassemia major than thalassemia interme-
diate and is likely related to deferoxamine rather 
than anemia  [  49  ] . 

   Deferoxamine Toxicity 
 Deferoxamine is used as treatment of iron over-
load in transfusion-dependent patients with 
thalassemia. Deferoxamine-associated pigmen-
tary retinopathy and optic neuropathy may be 
reversible upon discontinuation  [  50–  52  ] . 
Routine screening for retinopathy in patients on 
chronic treatment with deferoxamine is recom-
mended  [  53  ] . In patients on continuous intrave-
nous infusion for severe iron overload, 
retinopathy may reach advanced stages over as 
little as 3 weeks  [  54  ] .    

   Glucose-6-Phosphate 
Dehydrogenase De fi ciency 

 Glucose-6-phosphate dehydrogenase (G6PD) 
de fi ciency is a common enzyme de fi ciency that 
leads to acute intravascular hemolysis upon expo-
sure to certain foods, drugs, and infections that 
overload the G6PD pathway, which is essential to 
maintain reduced glutathione necessary to pro-
tect RBCs against oxidative damage. G6PD 
de fi ciency appears to be associated with a lower 
risk of retinal venous occlusion than in patients 
with normal levels. The mechanism behind this 
protective effect is unclear, though alteration in 
intracellular cholesterol metabolism has been 
proposed  [  55  ] .  

   Paroxysmal Nocturnal 
Hemoglobinuria 

 The molecular pathophysiology in paroxysmal 
nocturnal hemoglobinura (PNH) points to a 
defect in the glycosylphosphatidylinositol (GPI) 

anchor, leading to an absence of GPI-anchored 
membrane proteins, resulting in increased com-
plement activation. Hemolysis, thrombophilia, 
and bone marrow failure are the main clinical 
features. Retinal venous and arterial occlusive 
diseases have been described  [  56  ] . Serous retinal 
detachment has also been reported  [  57  ] . Venous 
sinus thrombosis can occur secondary to the gen-
eral hypercoagulable state with resultant fundus 
 fi ndings  [  58  ] . Eculizumab, a humanized mono-
clonal antibody that targets C5 and prevents 
assembly of the membrane attack complex, has 
recently been shown to be effective in reducing 
hemolysis and thrombosis  [  59  ] .  

   Autoimmune Hemolytic Anemia 

 Autoimmune hemolytic anemia (AIHA) is char-
acterized by antibodies against RBC components 
resulting in splenic sequestration and extravascu-
lar destruction. Retinal hemorrhage and serous 
macular detachments have been described in case 
reports  [  60,   61  ] . Phlebitis has been reported, 
although this may have been due to coexisting 
autoimmune conditions—which are common in 
patients with AIHA  [  62  ] .  

   Thrombotic Thrombocytopenic 
Purpura 

 Microangiopathic hemolytic anemia and throm-
bocytopenia, in association with renal or neuro-
logic dysfunction, are the de fi ning features of 
thrombotic thrombocytopenic purpura/hemolytic 
uremic syndrome (TTP/HUS). TTP and HUS, 
the former characterized by neurologic dysfunc-
tion, the latter by renal failure, are now thought to 
be related clinical syndromes of the same under-
lying pathology. Demonstrating schistocytosis 
(mechanically fractured RBCs) on a peripheral 
blood smear is essential to the diagnosis. 
ADAMTS13 de fi ciency, a von Willebrand factor 
(vWF) protease, has been implicated in cases of 
TTP. De fi ciency of ADAMTS13 leads to a rise in 
vWF multimers with resultant platelet aggrega-
tion and formation of platelet thrombi in the 
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microvasculature—a hallmark histologic feature 
of TTP  [  63  ] . HUS, a common cause of renal fail-
ure in children, is primarily caused by Shiga-like 
toxin associated with foodborne infection with 
 Escherichia coli  E157:H7  [  64  ] . 

 Other disorders, such as disseminated intra-
vascular coagulation, connective tissue disease 
such as lupus or scleroderma, antiphospholipid 
antibody syndrome, or malignant hypertension, 
may mimic HUS/TTP and should be considered 
in the differential diagnosis. Kidney biopsy is 
sometimes necessary to establish the diagnosis. 
Timely diagnosis is essential as plasma exchange 
therapy is usually curative. 

 Fundus  fi ndings in patients with TTP/HUS 
include serous macular detachment, retinal hem-
orrhages, cotton-wool spots, a Purtscher-like 
retinopathy, and retinal artery and vein occlu-
sions  [  65–  68  ] . Ocular  fi ndings often resolve after 
plasma exchange therapy  [  69  ] . Panretinal photo-
coagulation and anti-VEGF agents have been 
successfully used in treating associated neovas-
cularization  [  70  ] .  

   Antiphospholipid Antibody Syndrome 

 Antiphospholipid antibodies (APL) are associated 
with a vaso-occlusive vasculopathy. Common fea-
tures are cotton-wool spots, arteriolar nonperfu-
sion, neovascularization, and vitreous hemorrhage 
 [  71  ] . Retinal vein and artery occlusions have also 
been reported  [  72  ] . However, antiphospholipid 
antibodies are frequently a nonspeci fi c  fi nding. 
They may be found in asymptomatic patients or 
can be seen in association with other systemic 
autoimmune disorders such as systemic lupus ery-
thematosus. The incidence of ocular pathology in 
patients with antiphospholipid antibodies is not 
clear. However, there does appear to be an increased 
risk for the presence of antiphospholipid antibod-
ies in patients with retinal vein or artery occlu-
sions, particularly in the absence of other risk 
factors for vascular occlusions  [  73,   74  ] . 

 A portion of patients with detectable APL 
will have the antiphospholipid antibody syn-
drome (APLS). APLS is de fi ned as vascular 
(arterial or venous) thrombosis or pregnancy loss 

in the presence of two positive laboratory tests 
performed at least 6 weeks apart  [  75  ] . Castanon 
et al. studied 17 patients with APLS, and fundus 
abnormalities were present in 15 of them. 
Choroidal ischemia was detected in 2/17 patients, 
and areas of retinal nonperfusion were seen in 
5/17 patients  [  76  ] . Other  fi ndings included 
venous tortuosity, optic nerve swelling, cotton-
wool spots, vitreous hemorrhage, and serous 
macular detachment. APLS has also been 
reported to mimic serpiginous chorioretinitis 
with an occlusive vasculitis  [  77  ] . 

 Patients with APLS should be maintained on 
antiplatelet and anticoagulant therapy with aspirin 
and Coumadin, with a target international normal-
ized ratio (INR) between 2.0 and 3.0  [  78  ] . Patients 
with severe acute vision loss due to vaso- occlusive 
retinopathy may respond to acute treatment with 
cytotoxics and/or plasmapheresis  [  79  ] .  

   Hemophilia and Platelet Disorders 

 Platelet disorders result in spontaneous intrareti-
nal hemorrhages, similar to the way platelet dis-
orders characteristically produce skin petechiae. 
Hemophilia and other clotting factor disorders 
may cause spontaneous hemorrhage if the factor 
de fi ciency is severe; however, in most cases, 
hemorrhage occurs following trauma or surgery 
 [  80  ] . Vitreous, retinal, and choroidal hemorrhage 
have all been reported  [  81–  83  ] . 

 Surgery can be performed safely in patients 
with inherited de fi ciencies if accompanied with 
administration of ddAVP (desmopressin acetate 
tablets) and infusions of clotting factor concen-
trate  [  84,   85  ] . Acquired factor de fi ciency, or resis-
tance to circulating factor sometimes caused by 
autoantibodies, can be treated with clotting factor 
infusion and systemic immunosuppression  [  86  ] .  

   Myelodysplastic Disorders 

 It is the development of dysplasia, or “bad forma-
tion,” along with ineffective hematopoiesis that 
characterizes this group. The hematologic 
 fi ndings manifest as a cytopenia in one or more 
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myeloid lines usually with increased bone  marrow 
cellularity and normal or increased blasts up to 
20%. The incidence in the USA is approximately 
10,000 new cases per year; risk increases with 
age and slightly with male gender  [  87  ] . The prev-
alence of myelodysplastic syndrome (MDS) is 
estimated to be 4.1/100,000 and the median age 
is 71  [  88,   89  ] . Although predominantly a primary 
process, treatment-induced MDS accounts for 
10% of cases  [  89  ] . Childhood MDS is much more 
unusual and is most commonly associated with 
monosomy 7  [  90  ] . Transformation to acute leu-
kemia is variable largely because of different 
clinical and biological features, with MDS more 
a disorder of increased apoptosis versus uncon-
trolled proliferation in leukemia with some over-
lap between the two  [  91  ] . 

 Most, if not all, of the retinal and choroidal 
changes due to MDS are secondary effects 
caused by anemia, thrombocytopenia, or neu-
tropenia. A study of ocular complications in 
those with MDS was found in 19/41 patients, 
with one case each of vitreous hemorrhage, 
central retinal vein occlusion (CRVO), and cot-
ton-wool spots, ten subjects with retinal hemor-
rhages (red and white centered), and two with 
optic neuritis, with some patients having more 
than one complication  [  92  ] . Retinal hemor-
rhages were associated with low platelet counts 
of 27,000 ± 29,000 ( p  < 0.006), while hemoglo-
bin concentration was not found to be signi fi cant. 
As expected, higher rates of retinal hemorrhage 
were associated with refractory anemia with 
excess blasts due to the higher degree of neo-
plastic change. Unlike in acute leukemia, where 
evidence has been equivocal regarding platelet 
counts and retinal hemorrhages, MDS has mor-
phologic and maturational platelet defects that 
predispose to bleeding independent of platelet 
count  [  93  ] . One reported case of birdshot retin-
ochoroidopathy in an HLA-A29-negative indi-
vidual with trisomy 8 MDS was thought to be 
an autoimmune response, possibly related to 
S-antigen  [  94,   95  ] . Very rare cellular in fi ltration 
has been reported, including increased optic 
nerve thickness, ciliochoroidal effusion, and 
non-arteritic anterior ischemic optic neuropa-
thy (AION)  [  96–  98  ] .  

   Myeloproliferative Disorders 

 The myeloproliferative neoplasms (MPN) are a 
proliferation of one or more myeloid lineages 
with proliferation of bone marrow progenitor 
cells. In contrast to MDS, MPN usually have 
effective hematopoiesis with more terminally dif-
ferentiated cell line or lines.    These manifestations 
can be classi fi ed as classic, including chronic 
myelogenous leukemia (CML), essential throm-
bocythemia (ET), polycythemia vera (PCV), and 
primary myelo fi brosis (PMF); as atypical, includ-
ing systemic mastocytosis, hypereosinophilic 
syndrome, chronic neutrophilic and basophilic 
leukemia; as well as many others including 
unclassi fi able types and MPN/MDS overlaps. 
These diseases often share mutations resulting in 
overexpression of tyrosine kinase activity such as 
BCR-ABL in CML and Janus kinase 2 (JAK2) or 
thrombopoietin receptor (MPL) in the other clas-
sic MPN, resulting in growth factor–independent 
proliferation  [  99  ] . 

   Chronic Myelogenous Leukemia 

 This MPN is associated with the Philadelphia 
chromosome, a by-product of a t(9;22) resulting 
in a fusion protein of BCR and c-ABL (non-
receptor tyrosine kinase), which results in uncon-
trolled production of mature granulocytes. The 
incidence is 0.6–2 per 100,000 persons and 
accounts for 15–20% of adult leukemias, with a 
slight male predominance  [  100  ] . Median age at 
presentation is 50 years with no familial predis-
position, and there is an increased risk with ion-
izing radiation. 

 The intraocular sequelae of CML may be sub-
tle until blast crises where it takes the appearance 
of acute leukemia. During the chronic phase, with 
repeated vascular injury and nonperfusion, there 
appears to be a higher prevalence of peripheral 
microaneurysms and neovascularization in con-
trast to other leukemias  [  101,   102  ] . A rare occur-
rence of bilateral peripheral retinal nonperfusion 
with arteriovenous anastomosis and sea-fan neo-
vascularizations in the setting of a CBC within 



434 E.S. Ahn et al.

normal limits and no other retinal  fi ndings has 
been reported  [  103  ] . Thrombotic microangiopa-
thy or papilledema can be manifestations of this 
disease, in addition to optic disk edema possibly 
secondary to imatinib therapy or ocular infec-
tions after bone marrow transplant (BMT) 
 [  104–  107  ] .  

   Polycythemia Vera 

 Polycythemia vera involves a clonal proliferation 
of myeloid cells with a primary increase in red 
cell mass and has been de fi ned as a hemoglobin 
concentration greater than 16.5 g/dl in females, 
18.5 g/dl in males, and a low serum erythropoie-
tin level  [  108,   109  ] . The age of onset typically 
ranges from 20 to 85, with a median of 60 years, 
and the incidence is 1.9/100,000 per year with a 
female predominance except in men over 70 years 
 [  110,   111  ] . It has been postulated that erythroid 
progenitors develop signaling defects down-
stream of cytokine receptors that are unrelated to 
erythropoietin or its receptor. There is increased 
tyrosine kinase activity via the insulin-like growth 
factor 1 system or decreased tyrosine phosphatase 
activity resulting in overexuberant red cell pro-
duction  [  112–  114  ] . 

 Systemic manifestations characteristically 
involve pruritus especially after a warm bath, 
erythromelalgia, dyspepsia, and thrombotic 
events. The    pathogenesis of thrombosis appears 
to be related to platelet hyperfunction and throm-
boxane overexpression, while the increased risk 
of hemorrhage may be related to membrane 
receptor abnormalities, acquired von Willebrand 
syndrome, or other defects of function/structure 
 [  115,   116  ] . In general, the ocular effects of PCV 
are mostly secondary to hyperviscosity and 
thrombosis resulting in amaurosis fugax, 
migraine, arteriospasm or arteriosclerosis, and 
sometimes a cyanotic hue in the eyelids and con-
junctiva  [  117  ] . The retinal arteries attenuate and 
veins can become engorged and tortuous, with a 
variable amount of  fl ame-shaped hemorrhages 
and/or CWS. This can progress to vein or artery 
obstruction. Vasomotor symptoms include head-
ache, amaurosis fugax, transient ischemic attack, 

ophthalmic migraine, scintillating scotomata, and 
thrombotic or embolic phenomena  [  118,   119  ] . 
There are also more uncommon reports of PCV 
presenting as isolated monocular visual loss sec-
ondary to profound retinal ischemia; bilateral 
CRVO, isolated papilledema, or AION; an orbital 
mass from extramedullary hematopoiesis; and/or 
impaired dark adaptation  [  120–  125  ] .  

   Essential Thrombocythemia 

 This is a clonal stem cell disorder resulting in 
chronic primary thrombocytosis with platelet 
count >450,000/uL that by de fi nition is not reac-
tive, not a result of the other myeloproliferative 
disorders, and occurs in the setting of normal iron 
stores  [  126  ] . In fact, neither thrombopoietin nor 
its receptor, c-Mpl, appears to be involved in the 
pathogenesis of this disorder, unlike other famil-
ial thrombopoietin/c-Mpl-related thrombocy-
toses, and appears to be more often related to 
JAK2 mutations  [  127  ] . The incidence has been 
reported to be 2.5 per 100,000 individuals per 
year, with a prevalence of approximately 
24/100,000, a male to female ratio of 0.69, and 
median age at diagnosis of 60 years and occur-
ring rarely in children  [  128–  130  ] . Retinal artery 
and vein occlusions, peripheral ischemia, and 
neovascular complications have all been reported 
 [  119,   131–  133  ] .  

   Primary Myelo fi brosis 

 Primary myelo fi brosis is characterized by 
chronic clonal proliferation derived from multi-
potent myeloid stem cells with atypical mega-
karyocytic hyperplasia with secondary  fi brosis, 
osteosclerosis, and angiogenesis of the bone 
marrow causing eventual failure with extramed-
ullary hematopoiesis as anemia progresses along 
with constitutional symptoms  [  134,   135  ] . Platelet 
and leukocyte counts can be variable, although 
thrombocytopenia tends to develop as the dis-
ease progresses with platelet hypofunction  [  136  ] . 
Bone marrow biopsy ultimately shows  fi brosis 
and the absence of granulomatous disease or foci 
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of malignant cells, with a peripheral smear showing 
sequelae of myelophthisis. Approximately 50% 
of patients with PMF show JAK2 mutations, 
while the remainder may have other mutations 
related to the JAK-STAT pathway or as yet 
unrecognized molecular etiologies  [  137–  139  ] . 
The incidence is reported to be 1.5 per 100,000 
individuals per year with median age being 67; 
the disease rarely occurs in children  [  111  ] . 

 This disorder is more commonly associated 
with ocular adnexal involvement, such as 
extramedullary hematopoiesis with secondary 
effects related to immunosuppression from bone 
marrow transplantation, with a reported case of 
CMV retinitis  [  140  ]  and hemorrhagic retinopathy 
due to anemia  [  141  ] . Otherwise, the literature is 
sparse, and treatment-related effects from sup-
portive therapies such as prednisone, etanercept, 
or radiation may manifest.   

   Leukemias 

   Acute Myeloid Leukemia 

 This is a clonal proliferation of myeloid precur-
sors that lack the ability to differentiate into 
mature forms resulting in the accumulation of 
immature or blast cells. It is the most common 
cause of leukemia in adults but comprises less 
than 10% of leukemias in children  [  142  ] . The 
incidence is approximately 3–5/100,000 individ-
uals per year, with a median age of 65 years and 
slight male predominance  [  142  ] . It is classi fi ed 
based on World Health Organization (WHO) cri-
teria into four groups: acute myeloid leukemia 
(AML) with recurrent genetic abnormalities, 
AML with myelodysplasia-related features, ther-
apy-related AML and MDS, and AML not other-
wise speci fi ed  [  143  ] .  

   Lymphoid 

 Lymphoid neoplasms derive from T or B cell lin-
eages and are classically grouped as deriving 
from lymphoid precursors, mature lymphocytes, 
or plasma cells. These can present as a mass, or 

lymphoma, or have blood and bone marrow 
involvement (greater than 25% blasts) and be 
termed leukemia. Yet any lymphoma can evolve 
into leukemia, and sometimes, leukemia can 
present as an extramedullary mass; therefore, 
lymphoid neoplasms should be classi fi ed based 
on morphology, genetics, and immunophenotype 
rather than anatomic location  [  144  ] . 

 The precursor B leukemias/lymphomas, tdt 
positive and cd3 negative, are more common in 
childhood and have an overall incidence of 2% 
per population with a male predominance  [  145, 
  146  ] . They typically present acutely as leuke-
mias, commonly with central nervous system 
(CNS) and nodal involvement. In contrast, pre-
cursor T leukemia/lymphoma, cd3 and 7 positive, 
tends to affect young adult males who often have 
diffuse lymphadenopathy and a bulky mediasti-
nal mass. There may be CNS involvement, espe-
cially if in the leukemic form. 

 The prevalence of leukemic ocular involve-
ment in the literature varies from 9% to 90%, 
with one prospective study showing leukemic 
in fi ltration in 3% of patients, leukemia-related 
 fi ndings in 39%, and unrelated abnormalities in 
20%  [  147,   148  ] . The characteristic  fi ndings of 
leukemia are the result of direct organ invasion, 
abnormal hematopoiesis, altered blood viscos-
ity, or immune suppression. Within the choroid, 
leukemic in fi ltration is often perivascular but 
can be patchy or diffuse with increased thick-
ness  [  149  ] . Cellular in fi ltration can also extend 
subretinally and intraretinally, appearing as yel-
low in fi ltrates that may resemble viral or fungal 
infections, especially in the immunosuppressed, 
or as perivascular sheathing and optic nerve 
in fi ltration. It has been speculated that infection 
may have a closer association with patients in 
remission with prior bone marrow transplanta-
tion (BMT) rather than those with newly diag-
nosed leukemia  [  150  ] . An analysis of patients 
with BMT showed a posterior segment compli-
cation rate of 12.8%, with 2% having developed 
infectious retinitis or endophthalmitis that had a 
temporal correlation showing that fungal infec-
tion typically occurred within 120 days of BMT 
while viral or parasitic infection generally arose 
much later  [  151  ] . 
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 More commonly, leukemia presents with a 
characteristic retinopathy related to anemia, 
thrombocytopenia, and hyperviscosity 
(Fig.  23.5a, b ). Venous dilation and tortuosity 
may be present along with intraretinal or vitre-
ous hemorrhage. The intraretinal hemorrhages 
can be  fl ame- or blot-shaped and have a white 
center that may represent leukocyte aggregates 
or a platelet- fi brin hemostatic plug  [  146  ] . The 
presence of hemorrhage has been shown to cor-
relate most with severe thrombocytopenia, with 
possibly a lesser component due to anemia  [  152  ] . 
Cotton-wool spots can also be observed as a 
result of local arteriole obstruction, although 
hematologic parameters do not seem to be asso-
ciated with their presence and may be more a 
result of cellular occlusion. Within this back-
ground, there may be RPE changes such as 
hypertrophy, atrophy, or migration, in addition to 
photoreceptor injury and sensory retinal detach-
ment  [  153,   154  ] .    Retinal neovascularization 
appears to be more common in CML, as does the 
development of microaneurysms, both of which 
tend to be found in the peripheral retina and 
thought to be secondary to chronic leukocytosis 
and subsequent vascular injury and capillary 
dropout  [  155,   156  ] . Those with other concurrent 
medical illness may be at higher risk of the leu-
kemic complications, such as the acceleration of 
diabetic retinopathy  [  157  ]  or from treatment-
related effects as in the case of cyclosporine-
induced retinopathy  [  158  ] .  

 There are more speci fi c reports of bilateral 
central retinal artery occlusion (CRAO) or macu-
lar hemorrhage associated with an increased risk 
of intracranial hemorrhage in AML  [  159,   160  ] . 
CML has also presented as bilateral retinal and 
optic disk neovascularization, while subretinal 
hypopyon and bilateral serous macular detach-
ments have been described in lymphoid leuke-
mias  [  161–  163  ] . In general, retinal or choroidal 
involvement with chronic lymphocytic leukemia 
(CLL) is uncommon, with  fi ndings more often 
related to immunosuppression such as acute reti-
nal necrosis,  Aspergillus  endophthalmitis, or 
 Nocardia  choroid abscess  [  164–  167  ] . 

 T cell lymphoma/leukemia is unusual, though 
it can manifest as vitreous seeding and chorioret-
inal involvement, retinal detachment and CNS 
involvement, and retinocerebral vasculitis 
 [  168–  171  ] . In children, the presence of a CRAO 
should raise suspicion for systemic or ocular 
causes other than atherosclerotic disease, such as 
lymphoma  [  172  ] . An isolated report also showed 
the presence of unilateral vasculitis in hairy cell 
leukemia  [  173  ] .   

   Lymphomas 

 Lymphomas are often synonymously associated 
with visceral or nodal disease and can be divided 
into Hodgkin and non-Hodgkin types (NHL), with 
NHL having B and T cell subtypes. The clonal 

  Fig. 23.5    ( a ,  b ) Retinal hemorrhages and Roth spots in two patients with relapsed acute myeloid leukemia       
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lines that lymphomas derive from usually involve 
cells that represent a more mature form with 
respect to immunohistochemical markers, cytol-
ogy, and genetic features, representing a contin-
uum from pre- to post-germinal lymphocyte 
development. 

   B Cell Lymphoma 

 Mature B cell neoplasms involve cells that have 
ful fi lled at least antigen-independent develop-
ment and are thought to arise from mutations 
just prior to or during somatic hypermutation 
 [  174,   175  ] . This is a broad class that includes 
chronic lymphocytic leukemia/lymphoma 
(CLL), mantle cell lymphoma (MCL), follicular 
cell lymphoma (FCL), diffuse large B cell lym-
phoma (DLBCL) (Fig.  23.6 ), Burkitt’s lym-
phoma (BL), marginal zone lymphoma (MZL), 
plasma cell neoplasms, and other iterations. 
CLL is the most common leukemia and is often 
asymptomatic except for the presence of lymph-
adenopathy, like FCL. MCL and DLBCL dem-
onstrate aggressive behavior and often present 
at an advanced stage at diagnosis, MCL present-
ing with nodal and gastrointestinal (GI) tract 
involvement and DLBCL, the most common 
NHL, presenting as a rapidly enlarging mass 
with wide-ranging extranodal involvement 

 [  176  ] . BL is another aggressive neoplasm with 
endemic, sporadic, and immunode fi ciency-
associated forms that are characterized by high 
tumor burden, tumor lysis, and the presence of a 
translocation of c-MYC on chromosome 8 to an 
immunoglobulin locus  [  177  ] . MZL can be extra-
nodal, where it is associated with mucosa- 
associated lymphoid tissue, or nodal, and is 
typically low grade and asymptomatic unless 
there is local tissue injury as in the case of extra-
nodal MZL.  

 Intraocular lymphomas are rare and, when 
present, often represent a systemic lymphoma 
rather than a true primary neoplasm. They can be 
anatomically categorized as primarily having 
retinal, choroidal, ciliary, or iridal involvement, 
with each location associated with varying prog-
noses  [  178  ] . Classically though, intraocular lym-
phoma is clinically recognized as either a 
vitreoretinal type, which is more commonly asso-
ciated with CNS lymphoma, and a less common 
uveal type that is usually secondary to a more 
peripheral primary lymphoma. Vitreoretinal 
intraocular lymphoma has features that belong to 
the uveitis masquerade syndromes, including 
chorioretinal in fi ltrates, vitritis, perivascular 
sheathing with later development of RPE atro-
phy, and mottling. 

 Chorioretinal involvement by uveal intraocu-
lar lymphoma usually is from metastatic spread, 
with primary neoplasms uncommon. These 
lesions typically appear as uni- or multifocal 
yellow-white choroid in fi ltrates with moderately 
de fi ned borders (Fig.  23.7a, b ) showing persis-
tent hypo fl uorescence on indocyanine green 
(ICG) angiography and no tumor vessels on 
(FA)  fl uorescein angiography  [  179  ] . On occa-
sion, the lesions can result in exudative retinal 
detachment (RD) or appear as a larger contigu-
ous lesion when in close approximation, caus-
ing a thickened appearance to subretinal tissue. 
They typically involve the posterior pole pre-
dominantly and can mimic fungal and autoim-
mune chorioretinitis, but the lymphoma cells 
are beneath the level of the RPE and the vitreous 
is clear. Uncommon  fi ndings such as artery or 
vein occlusion, and optic nerve in fi ltration may 
also occur in addition to variant presentations 

  Fig. 23.6    Systemic diffuse large B cell lymphoma with 
uveal involvement       
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such as choroidal masses or serous macular 
detachments  [  180–  182  ] .  

   Hodgkin’s Lymphoma 
 Hodgkin’s lymphoma (HL) arises from the clonal 
proliferation of germinal/post-germinal center B 
cells or rarely T cells better known as Reed-
Sternberg cells (RS), set upon a varying back-
ground of lymphocytes, granulocytes, and plasma 
cells. Its classi fi cation can be divided into classi-
cal and nonclassical forms based on RS cell 
appearance, with the most common type being 
nodular sclerosing HL. As a whole, HL accounts 
for 10% of all lymphomas, exhibiting a bimodal 
distribution in developed countries and having an 
association with Epstein-Barr virus (EBV), 
immunosuppression, autoimmune disease, and 
genetic and environmental factors  [  183–  187  ] . 

 Various reports have demonstrated  fi ndings of 
panuveitis, optic nerve in fi ltration, branch retinal 
artery occlusion (BRAO), macular detachment, 
cotton-wool spots, periphlebitis, and yellow-white 
retinal and chorioretinal lesions, although more 
commonly HL has an overall appearance similar 
to hypertensive retinopathy  [  102,   188–  190  ] . The 
occurrence of HL within the retina and choroid is 
extremely rare and should prompt additional diag-
nostic or con fi rmatory testing to ensure other eti-
ologies are ruled out. On occasion, HL has been 

associated with infectious etiologies such as cyto-
megalovirus (CMV), nocardia, toxoplasma gon-
dii, and herpes virus  [  191–  194  ] .  

   Plasma Cell Disorders 
 After completion of antigen-independent devel-
opment, B cells are exposed to antigen presenta-
tion that can lead to the development of plasma 
cells. As a result of their ability to secrete anti-
bodies, normally predominantly IgG, pathology 
can result from either the accumulation of excess 
antibody or antibody components and/or the 
direct effects of neoplastic proliferation.  

   Monoclonal Gammopathy of 
Undetermined Signi fi cance 
 Aberrant clonal proliferation can occur asymp-
tomatically in the case of monoclonal gammopa-
thy of undetermined signi fi cance (MGUS), with 
a prevalence of 3% and 5% in those over 50 and 
70 years of age, respectively  [  195  ] , and twice as 
common in those of African ancestry  [  196  ] . This 
condition is usually detected as part of a broad 
evaluation of many clinical signs and symptoms 
and is characterized by the absence of prolifera-
tive plasma cell effects such as lytic bone lesions, 
hypercalcemia, renal injury, or anemia; serum 
monoclonal protein (IgG, A, or M) less than 3 g 
per deciliter; and a bone marrow showing less 

  Fig. 23.7    Systemic mantle cell lymphoma with uveal involvement. ( a ) Yellow circular choroidal lesions. 
( b ) Corresponding areas of hypo fl uorescence on indocyanine green (ICG) angiography       
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than 10% clonal plasma cells  [  197  ] . Genetic 
abnormalities including translocations, aneu-
ploidy, and deletions affecting cell cycle genes 
like cyclin D or tyrosine kinase–based recep-
tors appear to contribute to clonal pathology 
 [  198–  200  ] . A small case series reported the 
occurrence of bilateral retinal hemorrhages, 
CWS, and a unilateral macular detachment with 
no leakage on FA in one patient with benign 
polyclonal gammopathy, but for the most part, 
those with MGUS are expected to be clinically 
undetectable  [  201  ] . 

 The main concern of MGUS, then, is the 1% 
per year risk of symptomatic transformation, 
resulting in Waldenstrom’s macroglobulinemia 
(WM), primary amyloidosis, or multiple myeloma 
(MM)  [  202  ] . In addition, MGUS has been associ-
ated with higher rates of systemic lupus erythe-
matosus and idiopathic thrombocytopenic 
purpura  [  203  ] .  

   Waldenstrom’s Macroglobulinemia/
Hyperviscosity 
 Macroglobulinemia is the excess occurrence of 
IgM monoclonal protein that can be produced by 
neoplasms associated with lymphoproliferative 
or plasma cell disorders. When secondary to a 
lymphoplasmacytic lymphoma, the condition is 
called Waldenstrom’s macroglobulinemia, a disorder 
with clinical  fi ndings due to hyperviscosity, auto-
immunity, or direct in fi ltration of lymphoreticular 

organs  [  204  ] . Speci fi cally, WM has an incidence 
of 3 per million per year with a slight male pre-
dominance and overall is more common in 
Caucasians  [  205,   206  ] . The exact cause of WM is 
unclear, although somatic and cytogenetic anom-
alies have been detected, possibly a result of 
repeated B cell stimulation by chronic 
in fl ammation, like hepatitis C, or autoimmunity 
 [  207–  209  ] . Pathophysiology is related to the pen-
tameric structure of IgM that increases viscosity 
and commonly causes neurologic de fi cits, while 
its antigen binding domain confers autoimmuno-
genicity reportedly to red blood cells and nervous 
tissue components  [  210,   211  ] . 

 The effects of hyperviscosity can cause a vari-
ety of  fi ndings on fundoscopic exam, occurring 
in up to 17% in WM, with the earliest retinal 
changes occurring at an IgM plasma level of 
approximately 5,442 mg/dl     [  212,   213  ] . 
Classically, WM results in bilateral vascular dila-
tation resulting in venous tortuosity with a 
 sausage-like appearance and retinal hemorrhages 
that improve with plasmapheresis (Fig.  23.8a, b ). 
Increasing vascular stasis can lead to  fl uid 
extravasation and hypoperfusion, causing retina 
and disk edema, subretinal  fl uid accumulation, 
nonperfusion, and even CRVO, which has a very 
similar appearance  [  214–  216  ] . In more subtle 
cases, mid-peripheral hemorrhages may be the 
only  fi nding as vascular diameter decreases and 
the volumetric  fl ow rate drops. Rarely, WM can 

  Fig. 23.8    ( a ) Hyperviscosity and hemorrhage due to Waldenstrom’s macroglobulinemia. ( b ) “Sausage-link”  appearance 
of venous circulation       
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cause a paraneoplastic retinopathy resulting in 
changes similar to retinitis pigmentosa  [  217  ] .   

   Plasmacytoma/Multiple Myeloma 
 Plasma cell myelomas (PCM) can be grouped 
based on whether they arise from the bone or are 
extramedullary and if they manifest as single 
(plasmacytoma) or multiple bone lesions (mul-
tiple myeloma). These share in common the 
over-secretion of monoclonal protein, most com-
monly excess IgG comprising about half of all 
affected, while Bence Jones protein (kappa or 
lambda light chains only) accounts for only 16% 
 [  218  ] . Systemic  fi ndings include lytic skeletal 
lesions, hypercalcemia, anemia of chronic dis-
ease, and acute renal failure, although there is a 
form of MM, smoldering MM, that can be 
entirely asymptomatic  [  197  ] . MM accounts for 
approximately 10% of all hematologic malig-
nancies, with an incidence of 4 per 100,000 per-
sons that increases with age and a slight male 
predominance  [  184,   219  ] . 

 When the posterior pole is involved, the 
 fi ndings of MM are predominantly secondary to 
its systemic effects or from chemotherapy. Severe 
anemia may result in a non-proliferative diabetic 
retinopathy like fundus but with nerve  fi ber layer 
hemorrhages that may include white centers, 
occurring regardless of serum monoclonal pro-
tein levels  [  220  ] . The latter point may be due to 
the fact that like the IgM encountered in WM, but 
rarely, a hyperviscosity syndrome or CRVO can 
occur despite the presence of IgG protein  [  221  ] . 

 MM seems to lack a strong tropism for the 
eye, but direct in fi ltration of the choroid and ret-
ina, temporal arteritis, vasculitis, peripheral cysts, 
and exudate macular detachments have been 
reported  [  222,   223  ] . Very rarely, a plasmacytoma 
may arise primarily in the choroid as an amelan-
otic mass  [  224  ] .  

   Plasma Cell Leukemia 
 Plasma cell leukemias are rare and arise primar-
ily or as a progression of multiple myeloma, with 
an overall incidence of 0.02 cases per 100,000 
persons  [  142  ] . The diagnosis requires kappa or 
lambda light chain restriction and an absolute 
plasma cell count greater than 2,000/ m l or 20% of 

the peripheral white blood count  [  225  ] . Presenting 
signs and symptoms can include those of both 
multiple myeloma and leukemia. Therefore, leu-
kemic  fi ndings, such as hemorrhage, CWS, 
perivasculitis, and chorioretinal in fi ltration, or 
features characteristic of multiple myeloma may 
become apparent.   

   T Cell Lymphomas 

 The T cell lymphomas are a small group of neo-
plasms that include adult T cell lymphoma/leu-
kemia, cutaneous T cell lymphoma, anaplastic 
large cell lymphoma, angioimmunoblastic T cell 
lymphoma, and T-prolymphocytic lymphoma. 
The intraocular manifestations of T cell lym-
phoma are rare and, when present, have been 
more commonly associated with systemic 
involvement of primary cutaneous peripheral T 
cell lymphoma or adult T cell lymphoma/ 
leukemia rather than primary intraocular lym-
phoma, although clinically they may have a 
similar appearance and therefore require tissue 
or  fl uid specimens  [  169,   226  ] . 

 In particular, adult T cell lymphoma/leukemia 
is the only T cell lymphoma due to human 
T-lymphotropic virus type 1  [  144  ] . It is rare in the 
United States with 0.05 cases per 100,000 popu-
lation and is more prevalent in the Caribbean and 
southern Japan with a slight male predominance 
 [  142,   227  ] . The exact mechanism of tumorigen-
esis is unclear although a viral oncoprotein, tax, 
appears to decrease apoptosis and favor cellular 
survival and proliferation  [  228  ] . Ocular involve-
ment usually involves wide-ranging  fi ndings 
from vitritis, yellow-white choroidal or retinal 
in fi ltration, hemorrhage, edema, and rarely vasc-
ulitis and optic nerve in fi ltration, although the 
most frequent  fi nding is vitritis  [  171,   226,   229  ] . 

 Mycosis fungoides and its more aggressive 
variant, Sezary syndrome, characterize a unique 
and extremely rare subset of primary cutaneous T 
cell lymphomas of unclear cause with incidences 
of 6 and 0.3 cases per million population per year, 
respectively  [  230  ] . Although ocular involvement 
is rare, it can present with vitritis and white 
 subretinal lesions between RPE and Bruch’s 
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membrane or direct invasion from an external 
cutaneous lesion  [  231,   232  ] . 

 Other rare T cell lymphomas, like natural 
killer (NK) neoplasms, also show marked vitritis 
but may additionally have serous retinal and 
choroidal detachments, while atypical  fi ndings 
like CRAO may be the initial presenting symp-
tom of lymphoma in children  [  172,   233  ] .   

   Controversies/Perspectives 

   Roth Spots 

 Confusion regarding Roth spots (RS), or white-
centered hemorrhages, seems to permeate 
throughout the medical community. This is 
partly due to a strong stereotype associating RS 
with subacute bacterial endocarditis, in addition 
to a lack of understanding of RS pathophysiol-
ogy. Speculation persisted that these lesions 
may have also represented leukemic cells or 
nerve  fi ber layer injury. In fact, studies have 
shown that RS lesions are rather the result of 
platelet- fi brin thrombi formed as a result of cap-
illary rupture probably from acute systemic 
insults  [  13,   146,   234  ] . 

 In addition, RS can occur in a wide variety of 
clinical settings, ranging from ocular hypotony; to 
shaken baby syndrome; human immunode fi ciency 
virus; intracranial hemorrhage; traumatic deliv-
ery; blood dyscrasias such as anemia, thrombocy-
topenia, and leukemia; anoxic or hypoxic states 
like carbon monoxide poisoning; and relative 
ischemic conditions such as diabetes mellitus, 
hypertension, and preeclampsia [236   ]. Therefore, 
although RS are most commonly due to emboli 
from subacute bacterial endocarditis, other trau-
matic, ischemic, or hemodynamic causes should 
be considered based on clinical context.  

   Anti-VEGF Therapy 

 Anti-VEGF treatment is  fi nding an increasingly 
prominent role in the treatment of various  ocular 

neovascular disorders. Bevacizumab is 
 commonly used as a treatment of neovascular 
glaucoma and is used by some as an adjuvant 
treatment in patients undergoing surgical repair 
of tractional retinal detachments due to prolif-
erative diabetic retinopathy. Despite the evi-
dence that VEGF plays an important role in 
proliferative sickle retinopathy (PSR), the data 
on the use of anti-VEGF agents is slim, with 
only two reported cases to our knowledge in the 
published literature. 

 There are theoretical and practical advantages 
and disadvantages to the use of anti-VEGF agents 
for PSR. One theoretically avoids the risk of chor-
oidal neovascularization and retinal tear that is 
associated with argon laser photocoagulation. 
However, one set of complications is traded for 
another, as intravitreal injection is associated with 
a small, but de fi nite, risk of endophthalmitis and 
also the risk that the rapid regression 
may be associated with traction or traction- 
rhegmatogenous detachment. In addition, the risk 
for potential systemic ischemic events associated 
with intravitreal anti-VEGF treatment should not 
be taken lightly in sickle cell patients, who already 
face an increased risk of stroke and other systemic 
ischemic events. Intravitreal injection can be use-
ful in the setting of vitreous hemorrhage preclud-
ing laser treatment. In most cases, however, 
vitreous hemorrhage in PSR resolves spontane-
ously, and it is unclear if intravitreal treatment 
will make it go away any faster. Finally, intravit-
real injection has the disadvantage of needing 
recurrent treatments, whereas photocoagulation 
effective ablates the area of treated retina. 

 Ultimately, judgment on anti-VEGF treatment 
of PSR should be reserved until there is reliable 
data in the form of controlled clinical trials. Until 
then, well-intended treatments with intravitreal 
bevacizumab or ranibizumab may in fact simply 
be shots in the dark.   

   Focal Points 

 Close communication with hematologist. 
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   Anemia 

    Ischemic changes such as intraretinal hemor-• 
rhages, retinal edema, and CWS.  
  Fundus manifestations more common with a • 
hematocrit less than 30%, often with coexis-
tent thrombocytopenia.  
  Erythropoietin may help stimulate • 
neovascularization.     

   Hemoglobinopathies 

   Sickle Cell 
  Commonly with arteriolosclerosis and vascu-• 
lar tortuosity, rarely angioid streaks  
  Proliferative: Sea-fan neovascularization, • 
overall more common in HbSC disease  
  Non-proliferative: Salmon patches, intra- or • 
preretinal hemorrhages, and black sunbursts, 
pre-hyperplasia secondary to subretinal 
hemorrhages   

  Thalassemia 
  Degenerative RPE changes more common in • 
thalassemia major and may be due to deferox-
amine therapy  
  Venous tortuosity, angioid streaks     • 

   Thrombotic Thrombocytopenic 
Purpura/Hemolytic Uremic Syndrome  

    Purtscher-like retinopathy  • 
  Vascular occlusions     • 

   Myelodysplastic Syndrome  

    Retinal and choroidal changes almost always due • 
to cytopenia of one or more cell lines causing 
anemia, thrombocytopenia, and/or neutropenia     

   Myeloproliferative Neoplasms 

   Myelogenous Leukemia 
  Recurrent, predominantly peripheral vascular • 
injury and nonperfusion with possible 
neovascularization   

  Polycythemia Vera 
  Hyperviscosity and thrombotic symptoms • 
with vascular engorgement, NFL infarcts, and 
retinal hemorrhages   

  Essential Thrombocythemia 
  Ischemic changes secondary to higher risk of • 
thrombosis.     

   Leukemia 

    Most commonly a retinopathy due to charac-• 
teristic changes from anemia, thrombocytope-
nia, and hyperviscosity  
  Patchy or diffuse choroidal involvement with • 
direct in fi ltration that can extend sub- or 
intraretinally appearing as yellow-white 
in fi ltrates  
  Roth spots     • 

   Lymphoma 

 Yellow retinal lesions in a patient with known 
lymphoma more often represent infection due to 
bacterial, fungal, CMV, or other viral causes.
  B Cell 

  Vitreoretinal type more common and associ-• 
ated with CNS lymphoma.  
  Uveal type more associated with peripheral • 
lymphomas.  
  Metastasis from systemic lymphoma may • 
appear as uni- or multifocal yellow-white 
choroid lesions.   

  Hodgkin’s Lymphoma 
  Rule out other etiologies as this is extremely • 
rare.   

  Plasma Cell 
  MGUS is essentially clinically undetectable.   • 

  Waldenstrom 
  CRVO-like appearance but bilateral, possible • 
neurologic symptoms, and responds to 
plasmapheresis  
  Sausage-link venous tortuosity   • 

  Multiple Myeloma 
  Manifests mainly with retinal  fi ndings of ane-• 
mia, less commonly hyperviscosity as most 
patients’ M-protein consists of the smaller 
IgG   
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  T Cell 
  Extremely rare and can have varying ocular • 
 fi ndings, although vitritis is the most 
recognized          
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   Introduction 

 In 1963, Kearns and Hollenhorst  [  1  ]  described 
the ocular symptoms and signs associated with 
severe carotid artery obstructive disease 
(Table  24.1 ). They called the entity “venous sta-
sis retinopathy” and noted a prevalence of 
approximately 5% in their patients with carotid 
artery obstruction. Misunderstanding has since 
arisen with the term “venous stasis retinopathy” 
because the name has also been used to denote a 
mild central retinal vein obstruction  [  2  ] —an 
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  Abstract 

 The ocular ischemic syndrome encompasses the ocular symptoms and 
signs attributable to severe carotid artery stenosis, generally  ³ 90%. The 
symptoms include decreased vision in most eyes and ocular/orbital pain in 
40%. Iris neovascularization is present in 67% of eyes, while the posterior 
segment  fi ndings include narrowed retinal arteries, dilated (but not tortu-
ous) retinal veins, and microaneurysms in most eyes. Other posterior signs 
include dot and blot retinal hemorrhages (80%), posterior neovasculariza-
tion, (35%), and macular edema (14%). Fluorescein angiography discloses 
delayed arteriovenous transit time (95%), delayed choroidal  fi lling (60%), 
and late arterial staining (85%). Therapy includes carotid endarterectomy 
and carotid stenting, while direct ocular therapy includes panretinal pho-
tocoagulation for ocular neovascularization.  

  Keywords 

 Ocular ischemic syndrome  •  Carotid artery stenosis  •  Ocular symptoms 
and signs      
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out fl ow condition versus the in fl ow problem seen 
with carotid artery obstruction. Alternative names 
proposed include ischemic coagulopathy  [  3  ]  and 
ischemic ocular in fl ammation  [  4,   5  ] . Nonetheless, 
in the majority of cases, clinical and histopatho-
logic examinations of eyes with ocular ischemic 
disease due to carotid artery obstruction gener-
ally fail to demonstrate in fl ammation  [  5–  8  ] . The 
descriptive term proposed by Magargal and 
Brown  [  5,   6  ]  is the  ocular ischemic syndrome 
(OIS)   [  5,   6  ] , an entity not to be confused with 
mild central retinal vein obstruction and other 
posterior segment vasculopathies.   

   Demography 

 The mean age of patients with the OIS is approx-
imately 65 years, with a range from the 50s to 
the 80s  [  5  ] . No racial predilection has been 
shown, but males outnumber females by a ratio 
of 2:1. In approximately 20% of patients, the 
OIS is bilateral  [  5  ] . 

 Sturrock and Mueller  [  9  ]  reported the annual 
incidence of the OIS in the UK to be 7.5 cases/
million persons. Extrapolation of these data to 
the USA suggests an annual incidence of 2,200 
cases. Nonetheless, the incidence may be falsely 
low since it is possible that some cases are 
misdiagnosed.  

   Etiology 

 Typically, a stenosis of 90% or greater in the 
ipsilateral common carotid and/or internal 
carotid arterial system is necessary to cause the 
OIS (Fig.  24.1 ), while a 50% stenosis is not  [  5  ] . 
It has been shown that a 90% carotid stenosis 
reduces the central retinal artery perfusion pres-
sure by about 50%  [  10,   11  ] . In approximately 
50% of cases, the affected carotid vessel is 100% 
occluded  [  5  ] .  

 Obstruction as distally as the ipsilateral oph-
thalmic artery can also cause the OIS  [  5,   12,   13  ] . 
Rarely, an isolated obstruction of the central reti-
nal artery alone can mimic the dilated retinal 
veins and retinal hemorrhages seen in eyes with 
the ocular ischemic syndrome  [  14  ] . In this 
instance, the choroid appears to be unaffected on 
 fl uorescein angiography. 

 Atherosclerosis within the carotid artery is the 
cause of the majority of OIS cases (Fig.  24.2 )  [  5  ] . 
Dissecting aneurysm of the carotid artery has 
been reported as a cause  [  15  ] , as has giant cell 
arteritis  [  16  ] . Hypothetically, entities such as 
 fi bromuscular dysplasia  [  17  ] , Behçet’s disease 
 [  18  ] , trauma  [  19  ] , and in fl ammatory conditions 
that cause carotid artery obstruction could lead to 
the OIS.   

   Table 24.1    Symptoms and signs associated with the 
ocular ischemic syndrome  [  5,   6,   32  ]    

 Symptoms  Incidence 

  Anterior segment  
  Vision loss  ~90% 
  Periorbital pain  40% 
  Signs  
  Anterior segment  
  Iris neovascularization  67% 
  Anterior chamber  fl are  67% 
  Anterior chamber cells  20% 
  Posterior segment  
  Narrowed retinal arteries  90% + 
  Dilated retinal veins  90% + 
  Microaneurysms  80% 
  Retinal hemorrhages  80% 
  Optic disk/retinal neovascularization  35% 
  Macular edema  14% 
  Cherry-red spot  12% 
  Neovascularization of the retina  8% 
  Vitreous hemorrhage  4% 
  Spontaneous retinal arterial pulsations  4% 
  Anterior ischemic optic neuropathy  2% 
  Retinal arterial emboli, cholesterol  2% 
  Retinal arteriovenous communications  Rare 
  Ancillary tests  
  Fluorescein angiography  
   Delayed retinal arteriovenous transit time  95% 
  Late retinal arterial staining  86% 
  Delayed choroidal  fi lling  60% 
  Macular edema  16% 
  Electroretinography  
  Decreased a- and b-wave amplitudes  Most eyes 



45324 The Ocular Ischemic Syndrome

   Symptoms 

   Loss of Vision 

 Over 90% of patients with the OIS relate a history 
of visual loss in the affected eye(s)  [  5  ] . In two-
thirds of cases it occurs over a period of weeks to 
months, while it is abrupt in approximately 12%. In 
the abrupt vision loss cohort there is often a cherry-
red spot present on funduscopic examination. 

 Prolonged recovery following exposure to a 
bright light has been described in patients with 
severe carotid artery obstruction  [  20  ] . Concurrent 
attenuation of the visual evoked response after 
light exposure has also been observed in these 
cases  [  20  ] . With instances of bilateral, severe 
carotid artery obstruction, the visual loss after 
exposure to bright light occurs in both eyes, thus 
mimicking occipital lobe ischemia due to verte-
brobasilar disease  [  21  ] .  

   Amaurosis Fugax 

 A history of amaurosis fugax is elicited in about 
10% of OIS patients  [  5  ] . Amaurosis fugax, or 
 fl eeting loss of vision for seconds to minutes, is 
thought to be predominantly caused by emboli to 
the central retinal arterial system, although 
vasospasm may also play a role  [  22  ] , as can giant 
cell arteritis  [  23  ] . While the majority of people 
with amaurosis fugax alone do not have the OIS, 
it can be an indicator of concomitant, ipsilateral 
carotid artery obstructive disease. Approximately 
one-third of patients with amaurosis fugax have 
an ipsilateral carotid artery obstruction of 75% 
or greater  [  24  ] . Rarely, amaurosis fugax has been 

  Fig. 24.1    ( a )  Upper left . Carotid arteriogram of a 65-year-old patient discloses a 100% blockage of the right common carotid 
artery. ( b )  Upper right . The left internal carotid artery demonstrates a 95% blockage of the internal carotid artery ( arrow )       

  Fig. 24.2    Atherosclerotic plaque composed of  fi brous 
tissue, cholesterol and calcium from a patient who under-
went endarterectomy (Courtesy of Ms. Karen Albert)       
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associated with  stenosis of the ipsilateral 
 ophthalmic artery  [  24  ] .  

   Pain 

 Pain is present in the affected eye or orbital region 
in about 40% of OIS cases  [  5  ] . We have referred 
to this pain as “ocular angina”  [  5  ] . Most often, it 
is described as an intermittent dull ache. 
Neovascular glaucoma can be the cause, although 
in those eyes with normal intraocular pressure, 
the cause may be ischemia to the globe and/or 
ipsilateral dura.  

   Visual Acuity 

 The presenting visual acuities of eyes with the 
OIS are bimodally distributed, with 43% of 
affected eyes having vision ranging from 20/20 
to 20/50 and 37% having counting  fi ngers or 
worse vision  [  25  ] . Absence of light perception is 
generally not seen early but can occur in the later 
stages of the disease, usually secondary to neo-
vascular glaucoma. Among all eyes, treated and 
untreated, with the OIS at the end of 1 year of 
follow-up, 24% remain in the 20/20–20/50 
group, while a large 58% have counting  fi ngers 
or worse.   

   Signs 

   External 

 A prominent super fi cial temporal artery can occa-
sionally be seen with the OIS (Fig.  24.3 ). This 
vessel is typically a collateral artery that allows 
blood  fl ow from the ipsilateral external carotid 
system to pass across the midline and supply an 
occluded, contralateral, carotid arterial system. 
Giant cell arteritis can also cause an enlarged 
super fi cial temporal artery, although it is typi-
cally tender and irregular, while that associated 
with the OIS is not. Caution should be exercised 
if an enlarged super fi cial temporal artery is 
encountered with OIS symptoms and signs since 

a temporal artery biopsy to con fi rm giant cell 
arteritis could suddenly interrupt blood  fl ow to 
the contralateral brain and result in a cerebrovas-
cular accident.   

   Anterior Segment Changes 

 Unfortunately, neovascularization of the iris is 
already seen in approximately two-thirds of 
eyes with the OIS at the time of presentation 
(Fig.  24.4a ,  b )  [  5  ] . This  fi nding is associated 
with a 90% incidence of counting  fi ngers vision 
at 1 year  [  25  ] . Nevertheless, only half of these 
eyes have or develop increased intraocular pres-
sure, even if the anterior chamber angle is closed 
by  fi brovascular tissue  [  5  ] . Impaired ciliary 
body perfusion, with a subsequent decrease in 
aqueous production, likely accounts for this 
phenomenon.  

 Flare in the anterior chamber is present in 
most eyes with iris neovascularization. An ante-
rior chamber cellular response is seen in about 
one- fi fth of eyes with the OIS  [  5  ]  but rarely 
exceeds grade 2 using the Schlaegel classi fi cation 
 [  26  ] . Keratic precipitates can be present but are 
unusual. 

 In unilateral cases, there is generally little dif-
ference between the degree of cataractous lens 
change in each eye. As the disease progresses, 
however, cataractous changes can develop. In 
advanced cases, the lens may become mature.  

  Fig. 24.3       A prominent super fi cial temporal artery in a 
patient with the ocular ischemic syndrome with a 100% 
left common carotid obstruction. Blood from this vessel 
crosses over to supply the left carotid arterial system       
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   Posterior Segment Findings 

 The retinal arteries are usually narrowed in OIS 
eyes, while the retinal veins are most often dilated 
but not tortuous (Fig.  24.5 )  [  5  ] . The venous dila-
tion may be accompanied by beading but usually 
not to the extent seen in eyes with marked pre-
proliferative or proliferative diabetic retinopathy. 
Dilation of the veins seems to be a nonspeci fi c 
response to ischemia in the OIS, diabetic retin-
opathy, threshold retinopathy of prematurity, and 
other vasculopathies.  

 In contrast to OIS eyes, those with central reti-
nal vein obstruction usually have generally 
dilated veins that are also tortuous. The fact that 
the OIS occurs secondary to impaired in fl ow, 
while a central retinal vein obstruction is associ-
ated with compromised out fl ow from thrombus 
formation at or near the lamina cribrosa  [  27  ] , dif-
ferentiates the ocular response to in fl ow and 
out fl ow vasculopathies. 

 Retinal hemorrhages are seen in about 80% of 
affected eyes. They are most commonly seen in 
the mid-periphery (Fig.  24.6 ) but can also extend 
into the posterior pole. While dot and blot hemor-
rhages are the most common variant, super fi cial 
retinal hemorrhages in the nerve  fi ber layer are 
occasionally seen. The hemorrhages likely arise 
secondary to leakage from the smaller retinal 
vessels with endothelial damage secondary to 
ischemia. Similar to the case with diabetic retin-
opathy, these hemorrhages may also result from 

the rupture of microaneurysms. In general, the 
hemorrhages seen with the ocular ischemic syn-
drome are considerably less numerous than those 
accompanying central retinal vein obstruction. 
They are virtually never con fl uent in OIS eyes.  

 Microaneurysms are frequently observed out-
side the posterior pole but can be seen in the mac-
ular region as well. Hyper fl uorescence with 
 fl uorescein angiography (Fig.  24.7a, b ) differen-
tiates these abnormalities from hypo fl uorescent 
retinal hemorrhages. Retinal telangiectasia has 
also been described  [  28  ] .  

  Fig. 24.4    ( a ) Neovascularization of the peripheral iris in a patient with the ocular ischemic syndrome. ( b ) Gonioscopy 
of the anterior chamber angle reveals neovascular, peripheral, anterior synechiae closing the anterior chamber angle       

  Fig. 24.5    Posterior pole of the right fundus of an ocular 
ischemic syndrome in a patient with a 100% internal 
carotid occlusion. The retinal arteries are narrowed and 
the retinal veins are dilated and slightly beaded, but the 
tortuosity seen with out fl ow occlusions, such as central 
retinal vein occlusion, is absent       
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 Posterior segment neovascularization can 
occur on the optic disk (Figs.  24.8  and  24.9 ) and/
or on the retina (Figs.  24.10  and  24.11 ). 
Neovascularization of the disk is encountered in 
about 35% of eyes, while neovascularization of 
the retina is seen in about 8%  [  5  ] . Vitreous hem-
orrhage arising from traction upon the neovascu-
larization by the vitreous gel (Fig.  24.9 ) has been 
reported to occur in 4% of eyes with the ocular 
ischemic syndrome in a retrospective study  [  5  ] . 
Rarely, the neovascularization can progress to 
severe preretinal  fi brovascular proliferation.     

 A cherry-red spot characteristic of acute cen-
tral retinal occlusion is seen in approximately 
12% of eyes with the OIS  [  5  ] . It can occur sec-
ondary to inner layer retinal ischemia from 
embolic obstruction or hemorrhage under an 
atherosclerotic plaque in the central retinal 
artery. Nonetheless, it probably develops more 
often when the intraocular pressure exceeds the 
perfusion pressure within the central retinal 
artery, especially in eyes with neovascular glau-
coma. When iris neovascularization develops 
several weeks after central retinal artery obstruc-
tion, severe carotid artery obstruction may or 
may not be present. When iris neovasculariza-
tion is present, however, at time of presentation 
of a central retinal artery obstruction, a severe 
obstruction of the ipsilateral carotid arterial sys-
tem should be suspected. 

  Fig. 24.6    ( a ) Dot and blot hemorrhages in the mid-
peripheral fundus of a patient with the ocular ischemic 
syndrome. ( b ) Histopathologic correlate of dot and blot 
hemorrhages in association with the ocular ischemic syn-
drome. Blood, typically present in the inner nuclear/outer 
plexiform layer, has spread through almost the full thick-
ness of the retina (Fig.  24.6b  Hematoxylin-eosin ×100; 
courtesy of Dr. W. Richard Green)       

  Fig. 24.7    ( a ) Positive intravenous  fl uorescein angio-
gram in an ocular ischemic syndrome eye at 4.5 min after 
injection shows multiple small hyper fl uorescent dots cor-
responding to microaneurysms in the mid-peripheral 

 retina. ( b ) Histopathologic correlation of a large microa-
neurysm (MA) from an eye with the ocular ischemic syn-
drome (Fig.  24.7b  Hematoxylin-eosin ×100; courtesy of 
Dr. W. Richard Green)       
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 Additional posterior segment signs  [  5  ]  
include cotton-wool spots in 6% of eyes, spon-
taneous retinal arterial pulsations in 4%, and 
cholesterol emboli within the retinal arteries in 
2%. In contrast to spontaneous retinal venous 
pulsations, which are a normal variant and 
located at the base of the large veins on the optic 
disk, the arterial pulsations are usually more 
pronounced and may extend a disk diameter or 
more out from the optic disk into the surround-
ing retina. Anterior ischemic optic neuropathy 
has also been reported in OIS eyes  [  5,   29,   30  ] . 
Acquired arteriovenous communications of the 
retina are rarely seen  [  31  ] .   

   Diagnostic Studies 

   Fluorescein Angiography 

 Delayed arm-to-choroid and arm-to-retina circu-
lation times are frequently observed in OIS eyes 
 [  5  ] . Nonetheless these measurements can be 
dif fi cult to assess since they depend upon whether 
the dye was injected in the antecubital fossa or 
hand as well as the rapidity of injection. The 
observation of a well-demarcated, leading edge 
of  fl uorescein dye within a retinal artery after an 

  Fig. 24.8    Neovascularization of the optic disk in an 
80-year-old, nondiabetic man with a 95% left internal 
carotid artery obstruction       

  Fig. 24.9    Histopathologic correlate of vitreous hemor-
rhage occurring secondary to traction on neovasculariza-
tion of the optic nerve head (hematoxylin-eosin ×40)       

  Fig. 24.10    Hyper fl uorescence corresponding to three 
separate foci of neovascularization of the retina in the 
mid-peripheral fundus of a nondiabetic man with bilateral 
95% internal carotid artery obstructions. NP corresponds 
to retinal capillary nonperfusion adjacent to the foci of 
retinal neovascularization       

  Fig. 24.11    Trypsin digest (×160) corresponding to reti-
nal capillary nonperfusion. The capillaries are acellular 
tubules with no endothelial cells or pericytes. Reperfusion 
does not occur through these “dead” vessels       
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intravenous injection is a distinctly unusual 
 fi nding that can be seen in eyes with the OIS 
(Fig.  24.12a, b, c ).  

 Normally, choroidal  fi lling is completed 
within 5 s after the  fi rst appearance of dye. Sixty 
percent of eyes with the OIS demonstrate patchy 
and/or delayed choroidal  fi lling (Fig.  24.12b ). In 
some instances, the  fi lling is delayed for a minute 
or longer. Although not the most sensitive sign, 
abnormal choroidal  fi lling is the most speci fi c 
 fl uorescein angiographic sign in OIS eyes. 

 Prolongation of the retinal arteriovenous tran-
sit time is seen in 95% of eyes with the OIS (high 
sensitivity) but can also be seen in eyes with cen-
tral retinal artery obstruction and central retinal 
vein obstruction (low speci fi city). The major reti-
nal veins in the temporal vascular arcade com-
pletely  fi ll within 10–11 s after the  fi rst appearance 
of dye within the corresponding retinal arteries. 

In extreme cases of the OIS, the retinal veins fail 
to  fi ll throughout the study. 

 Staining of the retinal vessels in the later 
phases of the study is seen in about 85% of eyes 
(Figs.  24.13  and  24.14 ). Both larger and smaller 
vessels can be involved, the arteries preferen-
tially more so than the veins. Chronic hypoxic 
damage to endothelial cells may account for the 
staining. In contrast, staining of the retinal ves-
sels is uncommon with central retinal artery 
obstruction alone. With central retinal vein 
obstruction, the veins often demonstrate late 
staining but the retinal arteries are generally not 
affected.   

 Macular edema with  fl uorescein angiography is 
seen in about 14% of eyes with the OIS  [  32  ] . 
Hypoxia and subsequent endothelial damage within 
the smaller retinal vessels, as well as leakage from 
microaneurysms, account for this phenomenon. 

  Fig. 24.12    ( a ) Left fundus of an ocular ischemic syn-
drome eye with 20/20 vision. The retinal arteries are nar-
rowed, and the retinal veins are dilated and beaded but not 
tortuous. Super fi cial,  yellow–white , myelinated nerve 
 fi bers are an incidental  fi nding adjacent to the inferior 
optic disk. ( b ) Fluorescein angiogram at approximately 
1 min after injection discloses choroidal hypoperfusion 
( star ), as well as leading edges of dye within the retinal 

arterial system ( arrow ). ( c ) Histopathology of an ocular 
ischemic syndrome eye reveals damage to the inner and 
outer retinal layers. The retinal pigment epithelium is rel-
atively intact, as might be expected, since the clinical 
observation of retinal pigment epithelial hyperplasia and/
or retinal pigment epithelial loss is uncommon with the 
ocular ischemic syndrome (Fig.  24.12c  Hematoxylin-
eosin ×100; courtesy of Dr. W. Richard Green)       
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Dye accumulation can be mild or severe and is usu-
ally associated with hyper fl uorescence of the optic 
disk. The disk, however, is generally not swollen 
ophthalmoscopically. 

 Retinal capillary nonperfusion can be seen in 
some eyes (Figs.  24.10  and  24.11 ). The histo-
pathologically observed absence of endothelial 
cells and pericytes within the retinal capillaries 
corresponds to areas of nonperfusion seen with 
 fl uorescein angiography  [  5,   33  ] . Bilateral, simul-
taneous, intravenous  fl uorescein angiography is a 
technique that has been reported to be helpful 
diagnostically in patients with unilateral ocular 
ischemic syndrome  [  34  ] . The technique, how-
ever, requires specialized equipment and is not 
generally available.  

   Electroretinography 

 The electroretinogram typically discloses a 
 diminution, or absence, of both a- and b-wave 
amplitudes in eyes with the OIS  [  5,   6  ] . The 
b-wave corresponds to activity in the inner retinal 
layers, while the a-wave correlates with activity 
of the photoreceptors in the outer retina  [  35,   36  ] . 
Reduction in the amplitude of the oscillatory 
potential of the b-wave has also been noted in 
eyes with retinal ischemia secondary to carotid 
artery stenosis  [  37  ] . This can be seen in patients 
with proven carotid artery disease even in the 
presence of a normal  fl uorescein angiogram.  

   Carotid Artery Imaging 

 Carotid angiography usually discloses a 90% or 
greater obstruction of the ipsilateral internal or 
common carotid artery in persons with the OIS 
(Fig.  24.1 ). Given that noninvasive tests, such as 
duplex ultrasonography and oculoplethysmogra-
phy, have an accuracy of approximately between 
88% and 95% for detecting carotid stenosis of 
75% or greater  [  38–  40  ] , and that angiography has 
a potential for serious complications, these non-
invasive studies should be considered before 
angiography is obtained.  

   Others 

 Visual evoked potentials have been used to study 
eyes with severe carotid artery stenosis. The 
recovery time of the amplitude of the major posi-
tive peak after photostress has been shown to 
improve in patients with severe stenosis after 
endarterectomy  [  41  ] . 

 Ophthalmodynamometry can be of bene fi t in 
detecting decreased ocular perfusion in cases of 
unilateral OIS  [  10,   42  ] . In the absence of an oph-
thalmodynamometer, Kearns  [  42  ]  has advocated 
light digital pressure on the upper lid of the 
affected eye. Digital pressure frequently produces 
pronounced arterial pulsations on the disk that 
can be seen extending several millimeters into 
the retina. Unlike spontaneous venous pulsations 

  Fig. 24.13    Fluorescein angiogram of an ocular ischemic 
syndrome eye at greater than 2 min after injection demon-
strates staining of midsized retinal arteries and less so the 
retinal veins       

  Fig. 24.14    Fluorescein angiogram of an ocular ischemic 
syndrome eye at greater than 10 min after injection dem-
onstrates pronounced staining of the retinal arteries and 
less so the retinal veins       
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on the optic disk, retinal arterial pulsations are 
always abnormal.  

   Systemic Associations 

 The    OIS is associated with systemic abnormali-
ties related in some way to atherogenesis 
(Table  24.2 )  [  43  ] . The prevalence of systemic 
arterial hypertension in OIS patients is 73%. 
Diabetes mellitus is found in 56% of patients, 
while 50% have had a myocardial infarction, the 
latter demonstrating that arterial atherosclerosis 
in an OIS population is not con fi ned to only the 
eye. Approximately 27% of OIS patients have 
had a previous stroke, while the stroke rate for 
people with the OIS is approximately 4% per 
year  [  43  ] . At the time of presentation, almost 
one- fi fth of patients relate a history of having 
peripheral vascular disease for which previous 
bypass surgery was required  [  43  ] .  

 Mortality data  [  43  ]  have shown that the 5-year 
death rate for patients with the OIS is 40% 
(Fig.  24.15 ). The leading cause of death is cardio-
vascular disease, which accounts for about two-
thirds of cases. Stroke is the second leading cause 
of death.   

   Differential Diagnosis 

 The differential diagnosis for the OIS includes 
primarily mild (nonischemic) central retinal vein 
obstruction, diabetic retinopathy, radiation retin-
opathy, hypertensive retinopathy, and vasculopa-
thies such as those encountered with polycythemia 
and collagen vascular diseases.   

   Treatment 

   Systemic Therapy: Carotid Artery 

 The natural course of vision loss with the ocular 
ischemic syndrome is uncertain. Nonetheless, 
most eyes with the fully developed entity probably 
have a poor long-term outcome. When iris neovas-
cularization is present, over 90% of eyes become 
legally blind within a year of discovery  [  25  ] . 

 When a carotid artery is 100% obstructed, 
endarterectomy is generally not effective since a 
thrombus can propagate anterograde and/or ret-
rograde. In these cases, extracranial to intracra-
nial bypass surgery, usually from the super fi cial 
temporal artery to the middle cerebral artery, has 
been attempted to alleviate the obstruction. 
Although this procedure was of bene fi t in 20% 
(3/15) of cases in salvaging vision in eyes with 
the OIS, the visual prognosis at 1 year after the 
surgery was universally poor  [  25  ] . Additionally, 
the procedure has not been shown in a large ran-
domized study to be of bene fi t in preventing the 
risk of ischemic stroke  [  44  ] . 

 Although there are no randomized studies that 
compare the natural history of the disease to the 
course after carotid endarterectomy, this surgery 
may also stabilize or improve vision in the eyes 
of patients who undergo successful endarterec-
tomy prior to the development of iris neovascu-
larization  [  25,   45  ] . Notwithstanding, the visual 
results associated with this treatment are fair at 
best. In the series of Sivalingam et al.  [  25  ]  at the 
end of 1 year, 7% of eyes with the ocular isch-
emic syndrome that underwent endarterectomy 
experienced visual improvement or stabilization, 
33% were unchanged, and 60% had worse vision. 
Among the 60 total OIS eyes in the group, an 
endarterectomy was performed for only 3 with-
out iris neovascularization. At the end of 1-year 
follow-up the vision was better in one, stable in 
one, and worse in the third. 

 Endarterectomy appears to rarely cause regres-
sion of iris neovascularization eyes with the OIS 
 [  46  ] . It should be noted that eyes with the OIS 
will occasionally develop a severe increase in 
intraocular pressure after ipsilateral carotid 

   Table 24.2    Systemic abnormalities associated with the 
ocular ischemic syndrome at baseline  [  43  ]    

 Abnormality  Prevalence (%) 

 Systemic arterial hypertension  73 
 Diabetes mellitus  56 
 S/P myocardial infarction  50 
 Stroke  27 
 S/P arterial bypass surgery  19 
 Five-year mortality  40 

   S/P  status post  
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endarterectomy. This is most likely to occur in 
eyes with iris neovascularization and anterior 
chamber angle compromise from  fi brovascular 
tissue formation. Although aqueous out fl ow is 
impaired in such eyes, ciliary body perfusion and 
aqueous humor formation are also decreased sec-
ondary to the carotid stenosis. When the carotid 
obstruction is suddenly reversed, ciliary body 
perfusion and aqueous humor formation increase, 
but the out fl ow obstruction in the anterior cham-
ber angle is still present. Thus, the intraocular 
pressure rises drastically. Ciliary body destruc-
tive procedures or glaucoma  fi ltering surgery 
may be required in these cases  [  47,   48  ] . 

 Several large randomized studies have recently 
been published concerning the indications for 
carotid endarterectomy in general  [  49–  52  ] . 
Carotid endarterectomy has been proven to be 
ef fi cacious both in symptomatic patients with 
high-grade (70–99%) carotid artery stenosis and 
in asymptomatic patients with greater than (or 
equal to) 60% stenosis. Speci fi cally, the investi-
gators of the North American Symptomatic 
Carotid Endarterectomy Trial  [  50  ]  noted a 17% 
absolute risk reduction in the cumulative 2-year 
risk of ipsilateral stroke and a 10% absolute risk 
reduction in fatal ipsilateral stroke when those 
randomized to endarterectomy were compared to 
those who were treated medically. The European 
Carotid Surgery Trialists’ Collaborative Group 
 [  49  ]  also was able to demonstrate a similar treat-
ment effect of carotid endarterectomy for patients 

with 70–99% stenosis (sixfold reduction in 3-year 
risk of ipsilateral stroke) but also found that in the 
0–29% stenosis group the early risks of surgery 
(2.3% died or had a disabling stroke within 
30 days of surgery) outweighed the 3-year bene fi t 
when compared to medical therapy. 

 The investigators of the Asymptomatic Carotid 
Atherosclerosis Study  [  51  ]  were able to demon-
strate an aggregate risk reduction of 53% in the 
incidence of death or stroke, when those random-
ized to surgery were compared to those who 
received medical treatment. Asymptomatic 
patients with carotid artery stenosis of 60% or 
greater reduction in diameter were eligible to 
bene fi t. Accordingly, any patient with the OIS 
and severe carotid artery stenosis should be con-
sidered for carotid endarterectomy. 

    Marx et al.  [  53  ]  demonstrated that percutane-
ous carotid artery angioplasty with stenting stabi-
lized or improved vision in each of three cases, 
while Kawaguchi et al.  [  54  ]  demonstrated that 
stenting of the carotid artery improved the OIS in 
seven of eight patients. Stenting for restenosis of 
the carotid artery and the OIS has also been 
reported  [  55  ] .  

   Ophthalmic Therapy 

 Full scatter panretinal laser photocoagulation has 
been advocated for OIS eyes with iris neovascular-
ization and/or posterior segment neovascularization 

  Fig. 24.15    Survival rates of ocular 
ischemic syndrome (OIS) patients 
and an age-matched control group 
without the OIS. The 5-year mortality 
rate for OIS patients is 40%, three to 
four times greater than expected in 
the age-matched control patients       
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 [  25,   56–  58  ] . This generally consists of 1,500–2,000 
500- m m burns with the argon green laser. Unlike the 
situation when iris neovascularization occurs sec-
ondary to diabetic retinopathy, in which there is 
regression in a majority of cases with full scatter 
panretinal photocoagulation, approximately 36% of 
ocular ischemic syndrome eyes will demonstrate 
regression of the iris neovascularization after full 
scatter treatment  [  25  ] . If the anterior chamber angle 
is completely closed by  fi brovascular tissue and 
there is no posterior segment neovascularization, 
panretinal photocoagulation is probably not indi-
cated unless a glaucoma  fi ltering procedure is being 
considered, as higher success rates of  fi ltration sur-
gery have been reported when PRP has been per-
formed  [  58  ] . 

 While there is little in the reported literature 
regarding the management of macular edema 
secondary to this condition, Klais and Spaide 
 [  59  ]  recently reported excellent clinical resolu-
tion of  fl uid and dramatic improvement in vision 
in a patient treated with intravitre   al triamcinolone 
acetonide. Intravitreal bevacizumab has been uti-
lized to successfully treat iris neovascularization 
occurring secondary to the OIS, although long-
term data are lacking  [  60  ] .   

   Controversies and Perspectives 

 The greatest controversy concerns the effect of 
reversal of the carotid artery stenosis by endart-
erectomy or stenting. Clinical trial data are lack-
ing in regard to visual results obtained following 
carotid surgical interventions. Since the visual 
prognosis is grim if the patient already has iris 
neovascularization, it seems important that vas-
cular surgery be undertaken at an earlier time. 
Obtaining noninvasive carotid studies should be 
considered in the appropriate clinical scenario, 
preferably prior to the development of iris 
neovascularization. 

 While somewhat controversial, oral rosuvasta-
tin has been shown to decrease atherosclerosis in 
coronary patients  [  61  ] . This form of therapy 
might well bene fi t those with the atherosclerosis 
encountered with the OIS.  

   Focal Points 

    The OIS is associated with dilated and beaded • 
retinal veins that  are not tortuous , while nonis-
chemic central retinal vein obstruction is asso-
ciated with dilated, beaded veins that  are 
tortuous .  
  The OIS is the most common cause of sponta-• 
neous arterial pulsations.  
  Among the  fl uorescein angiographic signs • 
associated with the OIS, delayed choroidal 
 fi lling is the most speci fi c. Increased arterio-
venous transit time is the least speci fi c.  
  In patients with carotid stenosis and diabetic • 
retinopathy, it can be dif fi cult to differentiate 
which disease accounts for the ocular 
changes.  
  Light digital pressure on the upper lid typi-• 
cally produces dramatic spontaneous retinal 
arterial pulsations in OIS eyes, while the same 
or greater pressure in nonischemic central 
retinal vein obstruction fails to produce retinal 
arterial pulsations.  
  If the clinical symptoms and signs of the OIS • 
are present and a severe carotid stenosis is 
absent, obstruction of the ophthalmic may be 
present.  
  The effect of high dose oral rosuvastatin, • 
which has been shown to reverse coronary 
atherosclerosis, may be of bene fi t for the treat-
ment of the atherosclerosis associated with the 
OIS.         
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   Introduction 

 The effects of pregnancy on the eye as well as the 
use of ophthalmic medications in pregnancy will 
be reviewed. The ocular effects of pregnancy may 
be divided into physiologic changes, pathologic 
conditions, or modi fi cations of preexisting condi-
tions  [  1  ] . Pathologic conditions include the ocu-
lar effects of pregnancy-speci fi c conditions, such 
as preeclampsia and eclampsia, as well as condi-
tions that are seen in increased frequency during 
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  Abstract 

 Pregnancy may be associated with ocular changes, which most often are 
transient in nature. It can exacerbate preexisting conditions or be associ-
ated with development of new conditions. The ocular effects of pregnancy 
may be divided into physiologic changes, pathologic conditions, or 
modi fi cations of preexisting conditions. Pathologic conditions include 
entities such as preeclampsia and eclampsia, along with conditions that are 
seen with increased frequency during pregnancy such as central serous 
chorioretinopathy. The most signi fi cant modi fi ed preexisting condition is 
diabetes mellitus. The various effects of pregnancy on the eye will be 
reviewed throughout this chapter.  
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thy  •  Purtscher’s-like retinopathy  •  Amniotic  fl uid emboli  •  Disseminated 
intravascular coagulation (DIC)  •  Thrombotic thrombocytopenic purpura 
(TTP)         
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pregnancy, such as central serous retinopathy and 
other vasculopathies. Modi fi cations of preexist-
ing conditions include ocular changes seen in 
conjunction with diabetes mellitus as well as in 
patients with certain intraocular tumors.  

   Physiologic Changes 

   Intraocular Pressure 

 The intraocular pressure has been reported to 
decrease in the second half of pregnancy, pre-
sumably due to an increase in the facility of 
out fl ow and uveoscleral out fl ow  [  2,   3  ]  and a 
decrease in episcleral venous pressure  [  4  ] . The 
intraocular pressure returns to prepregnancy lev-
els by 2 months postpartum  [  5  ] .  

   Cornea 

 The cornea may demonstrate a decrease in sensi-
tivity  [  6  ] , an increase in thickness  [  7  ] , and an 
increase in corneal curvature during pregnancy 
 [  8  ] . All of these factors may contribute to contact 
lens intolerance  [  9  ] . The change in thickness may 
also alter the refractive index of the cornea, 
thereby changing the refraction  [  10  ] . Pregnant 
women should therefore wait for at least a few 
weeks postpartum before obtaining a new spec-
tacle prescription.   

   Pathologic Conditions 

   Pregnancy-Induced Hypertension 

   Clinical Features 
 Pregnancy-induced hypertension (PIH) includes 
preeclampsia and eclampsia, and occurs in 
approximately 5% of pregnancies. It may be 
associated with a variety of ocular abnormalities. 
Hypertension, peripheral edema, and proteinuria 
characterize preeclampsia, while eclampsia is 
basically preeclampsia with seizures. 

 PIH generally occurs after the 20th week of 
pregnancy. Risk factors for its occurrence include 

 fi rst and multifetal pregnancies, very old or young 
maternal age, mothers with vascular disease, and 
certain fetal abnormalities. The systemic symp-
toms include headache, epigastric pain, vomiting, 
and visual disturbances.  

   Ocular Manifestations 
 The most common symptoms of PIH are blurred 
vision, photopsias, scotomata, and diplopia. The 
ocular signs include retinal arteriolar abnormali-
ties, serous retinal detachments, and ischemic 
optic neuropathy. The most common retinal 
abnormality seen in preeclampsia is focal arterio-
lar spasm and narrowing  [  11,   12  ]  (Fig.  25.1 ). 
This may be associated with peripapillary or 
focal areas of retinal edema (Fig.  25.2a, b ). As 
the vessel changes return to normal after delivery, 
visual loss is unusual, though permanent loss 
does occur on occasion.   

 Serous retinal detachments are seen in approx-
imately 1% of preeclamptic patients and about 
10% of eclamptic patients  [  13,   14  ] . Choroidal 
ischemia is believed to play a role in the patho-
genesis of these serous detachments  [  15  ]  
(Fig.  25.3a, b ). The bullous serous elevations, 
which may be bilateral, occur in the absence of 
signi fi cant retinal vascular abnormalities. Most 
patients experience resolution of the detachments 
shortly after delivery. Although the visual prog-
nosis is quite good, residual pigment epithelial 

  Fig. 25.1    Color photograph OD depicts a preeclamptic 
female with visual acuity of 20/400 OD. There is general-
ized arteriolar attenuation, with punctate hemorrhages, 
and an occasional cotton-wool spot       
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alterations and optic atrophy may limit the visual 
acuity  [  16,   17  ] . Acute anterior ischemic optic 
neuropathy (AION) has been reported to occur in 
severe preeclampsia. The pathophysiology 
remains speculative  [  18  ] . Cortical blindness due 
to cerebral arteriolar vasospasm and cerebral 
edema may also be seen in PIH  [  19,   20  ] . The 
vision usually recovers completely.   

   HELLP Syndrome 
 In approximately 10% of patients with severe 
PIH, the HELLP syndrome occurs. The HELLP 
syndrome, which is characterized by hemolysis, 
elevated liver enzymes and low platelets, is asso-
ciated with a poor maternal and fetal outcome. 

The ocular  fi ndings in this disorder include bilat-
eral serous retinal detachments with yellow-white 
subretinal opacities  [  21  ]  (Fig.  25.4a, b, c ) as well 
as vitreous hemorrhage  [  22  ] .   

   Management of PIH 
 With regard to the management of PIH, the 
immediate delivery of the fetus is advantageous 
to the mother in the majority of cases. However, 
the maturity of the fetus needs to be taken into 
account when determining the timing of the 
delivery. Medical management includes control-
ling the blood pressure and electrolyte imbal-
ances. The perinatal mortality rate of patients 
with PIH is 13–30%  [  23  ] . Death usually results 

  Fig. 25.2    ( a ) Color photograph in an eclamptic patient 
revealing vascular narrowing, mild peripapillary edema, 
choroidal ischemia, and localized serous detachments. 
The visual acuity was counting  fi ngers OU. ( b ) Fluorescein 

angiogram (FA) reveals punctate areas of retinal and 
 choroidal ischemia, with gradual leakage in the peripapil-
lary region in the late frames of the study       

  Fig. 25.3    ( a ) Color photograph taken during the third 
trimester in an eclamptic patient, showing optic disk 
swelling, peripapillary hemorrhages, and exudate, with 

areas of choroidal infarction. ( b ) Color photograph taken 
2 weeks following delivery, documenting partial resolu-
tion of the peripapillary swelling and edema       
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from pulmonary edema, central nervous system 
hemorrhage, or cardiac, liver, or renal failure.  

   Prognosis 
 Overall, the incidence of visual and retinal abnor-
malities has decreased due to the continued 
improvement in the medical management of PIH. 
The majority of the ocular abnormalities improve 
with systemic medical care or with delivery of 
the fetus.   

   Central Serous Retinopathy 

 Central serous retinopathy (CSR) is character-
ized by a spontaneous, localized serous retinal 
detachment causing symptoms of decreased 
vision, metamorphopsia and micropsia. Generally, 
in the nonpregnant setting, the condition affects 
males (8–10:1), in the second to fourth decade of 
life. In pregnancy, there is an increased frequency 
of CSR, and it has been known to occur in any 

  Fig. 25.4    ( a ) Color photographs of a patient with HELLP 
syndrome, documenting a serous retinal detachment OD, 
with extensive bilateral choroidal ischemia OU. ( b ) The 
FA documents numerous foci of choroidal leakage along 
with areas of peripheral non-perfusion. ( c ) Following 

delivery, color photographs OU show resolution of the 
serous retinal detachment OD, though there is residual 
pigment mottling throughout the posterior pole of both 
eyes (Photographs courtesy of David Sarraf, M.D., 
Los Angeles, CA)       
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trimester  [  24  ] . The etiology of CSR in pregnancy 
is unknown, though hormonal  [  25  ] , coagulation, 
and hemodynamic changes may play a role  [  26  ] . 

 The presence of subretinal exudates and/or 
 fi brin with the serous retinal detachment is more 
commonly seen in CSR associated with preg-
nancy (90%) than in nonpregnant females and 
males (less than 20%)  [  27  ]  (Fig.  25.5a–d ). This 
exudate appears white or gray-white and repre-
sents  fi brin in the subretinal space  [  27  ] . The diag-
nosis can usually be made by clinical presentation; 
thus, diagnostic  fl uorescein angiography is rarely 
necessary, and one can avoid the concerns of 
obtaining an FA in the setting of pregnancy (see 
discussion of Diagnostic Agents [ fl uorescein 
angiography] at the end of this chapter).  

 Both the serous detachment and the subretinal 
exudates tend to resolve near the end of pregnancy 
or early in the postpartum period. Patients who 
have experienced an episode of CSR in pregnancy 

may have a recurrence outside of pregnancy or in 
a subsequent pregnancy  [  24  ]  (Fig.  25.5a–d ).  

   Occlusive Vascular Disorders 

 A variety of occlusive vascular disorders may 
occur during pregnancy. These disorders include 
a Purtscher’s-like retinopathy or ocular changes 
associated with disseminated intravascular coag-
ulation (DIC), thrombotic thrombocytopenic pur-
pura (TTP), and amniotic  fl uid embolism. 

   Purtscher’s-Like Retinopathy 
 A Purtscher’s-like retinopathy has been 
reported within 24 h of childbirth  [  28  ] . It is 
usually associated with complications of the 
late stages of pregnancy, such as preeclampsia 
or pancreatitis. Patients experience severe, 
bilateral vision loss shortly after delivery. 

  Fig. 25.5    ( a ) Color photographs OU in a female taken 
near the end of her  fi rst trimester. She has bilateral serous 
retinal detachments, with subretinal  fi brin. This was her 
 fi rst pregnancy, and it had been uncomplicated. The visual 
acuity was 20/25 OD and 20/100 OS. ( b ) Time domain 
OCTs show a small PED OD and a prominent serous reti-

nal detachment OS. The patient was observed. ( c ) Color 
photographs show gradual worsening of the serous RD 
with subretinal  fi brin OD, though it normalized early in 
the postpartum time frame. ( d ) The OCTs also normal-
ized. The visual acuity returned to 20/20 OU within 
1 month following delivery of the child         
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Funduscopic changes include widespread cot-
ton-wool spots with or without intraretinal 
hemorrhages (Fig.  25.6a, b ). Fluorescein 
angiography demonstrates focal areas of arte-

riolar obstruction and varying degrees of  retinal 
vascular leakage. The retinal changes tend to 
resolve spontaneously, and vision recovers in 
most cases. The etiology of this disorder is 

Fig. 25.5 (continued) 
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related to complement-induced granulocyte 
aggregation and vascular occlusion.   

   Disseminated Intravascular 
Coagulation (DIC) 
 Disseminated intravascular coagulation (DIC) 
may occur in complicated abortions, abruptio 
placenta, severe preeclampsia, and retained dead 
fetus. DIC is characterized by widespread throm-
bus formation. The choroid is the most common 
intraocular structure involved  [  29,   30  ] . Occlusion 
of the choriocapillaris by a thrombus leads to dis-
ruption of the overlying retinal pigment epithe-
lium causing a serous retinal detachment. With 

resolution of DIC, the serous detachment resolves. 
However, residual retinal pigment epithelial 
changes may be present (Fig.  25.7a, b ), and visual 
recovery may be incomplete.   

   Thrombotic Thrombocytopenic 
Purpura (TTP) 
 Thrombotic thrombocytopenic purpura (TTP) 
may also be seen in the setting of pregnancy. It is 
characterized by thrombus deposition in vessels, 
hemolytic anemia, thrombocytopenia, neurologic 
changes, fever, and renal dysfunction. Ocular 
changes in this disorder include retinal vascular 
occlusions, retinal hemorrhages, serous retinal 

  Fig. 25.6    ( a ) Color photograph in a patient with eclamp-
sia, who developed Purtscher’s-like retinopathy within 
2 days of childbirth, with signi fi cant painless loss of 
vision OU. Multiple peripapillary cotton-wool spots were 

seen, along with an occasional intraretinal hemorrhage. 
( b ) The FA revealed mild areas of capillary non-perfusion. 
The  fi ndings spontaneously improved, and the patient’s 
vision returned to normal       

  Fig. 25.7    ( a ,  b ) Color photographs OU from a patient 
who experienced a complicated, induced abortion. She 
developed disseminated intravascular coagulation (DIC). 
While photographs were not available during the acute 

course of the disease, these images are from 2 months 
later showing residual pigment mottling secondary to 
areas of presumed choroidal ischemia. Vision was 
20/50 OD and 20/60 OS       
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detachments, and optic disk neovascularization 
 [  31–  34  ]  (Fig.  25.8a, b ). A Purtscher’s-like retin-
opathy has also been reported with TTP  [  35  ] .   

   Amniotic Fluid Embolism 
 Amniotic  fl uid embolism is a serious complica-
tion of pregnancy, with an 80% mortality rate. It 
occurs during labor, delivery, or in the immediate 
postpartum period. Particulate matter from the 
amniotic  fl uid enters the maternal circulation, 
causing cardiopulmonary failure. Ophthalmic 
manifestations include retinal artery occlusions 
 [  36  ]  and capillary non-perfusion (Fig.  25.9a ,  b ).     

   Preexisting Conditions 

   Diabetic Retinopathy 

   Progression 
 Pregnancy is a major risk factor for the progres-
sion of diabetic retinopathy, as has been reported 
by Klein and associates  [  37  ] . Several studies have 
outlined the degree of the retinopathy progres-
sion during the course of pregnancy  [  1,   37–  40  ] . 
Axer-Seigel and coworkers examined 65 patients 
with insulin-dependent diabetes mellitus who 
became pregnant  [  37  ] . They reported that 26% of 

  Fig. 25.8    ( a ) Color photograph OS from a patient with 
thrombotic thrombocytopenic purpura (TTP). The patient 
experienced severe bilateral loss of vision secondary to 

occlusive vasculopathy. ( b ) The FA shows virtually 
complete shutdown of blood  fl ow       

  Fig. 25.9    ( a ) Color photograph OD depicting  fi ndings 
from a patient with amniotic  fl uid embolization. Multiple 
cotton-wool spots are noted, along with areas of retinal 

ischemia. ( b ) The FA con fi rms a moderate degree of 
capillary non-perfusion       
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patients without diabetic retinopathy at conception 
developed mild non-proliferative diabetic retin-
opathy (NPDR) during the course of pregnancy. 
Fifty- fi ve percent of patients with initial NPDR 
had progression of their non-proliferative retin-
opathy, while 22.5% of patients with initial 
NPDR progressed to proliferative diabetic retin-
opathy (PDR) necessitating the need for panreti-
nal photocoagulation. 

 Both NPDR and PDR occurring during the 
course of pregnancy have a high rate of spontane-
ous regression in the third trimester or in the 
postpartum period. As reported by Axer-Seigel 
 [  37  ] , of the patients with no retinopathy at con-
ception who then developed mild NPDR during 
pregnancy, 50% experienced total regression of 
their retinopathy and 30% had partial regression 
of their retinopathy after delivery. The rate of 
total regression was not as high in patients with 
more advanced disease at the onset of pregnancy. 
Total regression was noted in only 17% of patients 
with NPDR initially who progressed to severe 
NPDR during pregnancy. 

 Diabetic macular edema may also occur dur-
ing pregnancy  [  41,   42  ] , and as noted with other 
forms of retinopathy, there is a high rate of spon-
taneous regression postpartum.  

   Factors Associated with Progression 
 The progression of diabetic retinopathy is 
in fl uenced by various factors, including the dura-
tion of diabetes mellitus, metabolic control before 
and during pregnancy, severity of retinopathy at 
conception, and the presence of coexisting hyper-
tension. Diabetic retinopathy progression is more 
likely to occur in pregnant women who have had 
diabetes for a longer period of time, as is also the 
case for nonpregnant diabetics  [  38  ] . 

 Several studies have also shown that both 
higher glycosylated hemoglobin levels at concep-
tion and rapid tightening of glycemic control dur-
ing pregnancy have been associated with a higher 
risk of progression of retinopathy  [  39,   43  ] . In 
contrast, Axer-Seigel and associates found no 
association between the retinopathy status and 
the levels of glycosylated hemoglobin at concep-
tion or with the institution of tighter metabolic 
control during the pregnancy  [  38  ] . They did note 

that the glycosylated hemoglobin levels were 
higher in patients who had progression of their 
retinopathy as compared to those who did not 
have progression, but this difference was statisti-
cally signi fi cant only in the third trimester. 
Lauszus and coworkers found no association 
between the progression of retinopathy and the 
glycosylated hemoglobin  [  44  ] . 

 Another factor that in fl uences the progression 
of diabetic retinopathy during pregnancy is the 
degree of retinopathy at conception. Those 
patients with preexisting diabetic retinopathy are 
at a high risk of progression of their disease dur-
ing pregnancy  [  1,   38,   45  ] . Progression to prolif-
erative retinopathy without the initial presence of 
non-proliferative retinopathy in early pregnancy 
is rare but has been reported in three pregnant 
diabetic patients who were treated with a speci fi c 
type of insulin, insulin lispro  [  46  ] . 

 Finally, both high diastolic and systolic blood 
pressure have been reported to be associated 
independently with diabetic retinopathy progres-
sion  [  37,   38  ] .  

   Pathophysiology of Progression 
 The pathogenesis for the acceleration of diabetic 
retinopathy during pregnancy is unclear. Several 
investigators have studied retinal circulatory 
changes in diabetic and control subjects during 
pregnancy. Chen and associates found an increase 
in retinal blood  fl ow in pregnant women who had 
worsening of their diabetic retinopathy  [  47  ] . In 
contrast, Schocket and coworkers noted that the 
retinal venous diameter and retinal blood  fl ow 
decreased to a greater degree in diabetic mothers 
compared to nondiabetic mothers  [  48  ] . Thus, 
they proposed that the decrease in blood  fl ow 
might exacerbate retinal ischemia and hypoxia, 
leading to the acceleration of diabetic 
retinopathy.  

   Treatment Criteria for Diabetic 
Retinopathy 
 The treatment of proliferative diabetic retinopa-
thy during pregnancy is based on the same crite-
ria, as de fi ned by the Diabetic Retinopathy Study, 
as in nonpregnant patients  [  49  ] . Diabetic macular 
edema is often observed without treatment due to 
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the high rate of spontaneous regression in the 
postpartum period  [  50  ] .  

   Follow-up Guidelines 
 The American Academy of Ophthalmology has 
guidelines for the monitoring of pregnant diabetic 
patients in its Preferred Practice Patterns for dia-
betic retinopathy  [  51  ] . Ideally, pregnant diabetic 
women should receive an ophthalmologic exami-
nation prior to conception and then again in the 
 fi rst trimester. Subsequent exams should be at the 
discretion of the examiner but at least every 
3 months until delivery.   

   Intraocular Tumors 

   Uveal Melanoma 
 The growth of uveal melanomas in pregnancy has 
been reported  [  52–  54  ] . Shields et al. reviewed the 
clinical course of 16 pregnant patients with uveal 
melanomas  [  54  ] . Seven patients were diagnosed 
with active melanomas at initial presentation and 
treated immediately. Of the remaining nine 
patients who had been followed for various 
lengths of time with suspicious choroidal nevi or 
dormant uveal melanomas, seven patients dem-
onstrated growth into active melanomas during 
the course of pregnancy. The histopathology of 
the tumors in pregnant women was no different 
than in nonpregnant women. Also, the 5-year sur-
vival rate in these women was similar to nonpreg-
nant women with uveal melanomas. The 
mechanism of tumor growth in pregnancy is not 
known.  

   Choroidal Osteoma 
 There have been several case reports of choroidal 
osteomas presenting during pregnancy. McLeod 
described a patient who developed visual blur-
ring during the  fi rst trimester of pregnancy due to 
a juxtapapillary choroidal osteoma  [  55  ] . Gass 
also reported a patient who presented in the ninth 
month of pregnancy with visual loss due to a 
choroidal osteoma with an associated choroidal 
neovascular membrane  [  56  ] . The etiology for the 
exacerbation of the choroidal osteoma during 
pregnancy is unknown.  

   Choroidal Hemangioma 
 The rapid growth of choroidal hemangioma  during 
pregnancy and its subsequent spontaneous regres-
sion after delivery have been reported  [  57  ] .    

   Ocular Medications 

   Topical Drops 

 Topical medications may pass through the pla-
centa or be excreted in breast milk, creating a 
potential risk to the fetus. Little data has been 
published regarding the use of topical ophthalmic 
medications in pregnant or nursing mothers. 

 There have been no teratogenic effects reported 
with the use of topical anesthetics  [  58  ] . Dilating 
drops probably should not be used without indi-
cation. The systemic use of phenylephrine, atro-
pine, homatropine, and scopolamine has been 
reported to be associated with minor fetal abnor-
malities, such as inguinal hernia and club foot 
 [  59  ] . 

 With regards to glaucoma medications, no 
studies have been performed in pregnant women. 
All glaucoma medications are category C medi-
cations, with the exception of brimonidine and 
dipivefrin. Category C medications include those 
for which animal studies have shown adverse 
effects to the fetus, but no studies in women are 
present. Category C medications also include 
those that have not been studied in animals or 
humans. A case report has been described of a 
patient using timolol 0.25% during the second 
and third trimester without adverse effects on the 
pregnancy  [  60  ] . Topical timolol is secreted in 
breast milk and should be avoided in nursing 
mothers  [  61  ] . 

 Brimonidine and dipivefrin are category B 
medications. These drugs have been tested in ani-
mals and revealed no harm to the fetus. However, 
no controlled studies have been performed on 
pregnant women. 

 In general, all routine and nonessential 
medications should be avoided during preg-
nancy. The decision to use medications, with 
the potential risks and bene fi ts, should be 
reviewed with the patient. If administration is 
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required, then nasolacrimal sac occlusion 
should be performed to limit the systemic 
absorption of the medication.  

   Diagnostic Agents 

 Fluorescein dye crosses the placenta and is pres-
ent in breast milk for at least 3 days after admin-
istration  [  62  ] . No teratogenic or embryocidal 
effects have been reported in animals  [  63,   64  ] . 
Also, no adverse effects have been reported in 
humans. Halperin and coworkers reviewed the 
use of  fl uorescein angiography in pregnant 
patients  [  65  ] . A retrospective study of neonatal 
outcomes in 105 pregnant patients who under-
went  fl uorescein angiography revealed that there 
was not a high rate of birth anomalies or compli-
cations. Nonetheless, most vitreoretinal special-
ists likely would avoid obtaining an angiogram 
during pregnancy unless a sight-threatening 
lesion, such as a choroidal neovascular mem-
brane, is suspected. 

 Indocyanine green (ICG) has been used in 
pregnant women for non-ophthalmic purposes, 
such as for measuring hepatic blood  fl ow, without 
adverse effect on the mother or fetus. It does not 
cross the placenta, and it is not known whether it 
is present in breast milk  [  66  ] . Fineman and 
coworkers conducted a survey of 1,101 members 
of the Retina, Macula, and Vitreous Societies 
regarding the use of ICG in pregnant women 
 [  67  ] . The survey revealed that there is widespread 
hesitation to use ICG for retinal angiography in 
pregnant women, despite its documented safety 
when used for non-ophthalmic purposes.   

   Summary 

 Pregnancy may be associated with a variety of 
ocular manifestations. The majority of these 
changes resolve after pregnancy, though occa-
sionally, they may lead to permanent visual 
impairment. An understanding of these changes 
will help to establish the diagnosis as well as to 
plan the optimum treatment regimen when evalu-
ating the pregnant female.  

   Focal Points 

    Hypertensive-related conditions are the most • 
commonly encountered abnormalities during 
pregnancy (pregnancy-induced hypertension, 
preeclampsia, eclampsia, HELLP syndrome).  
  Pregnancy may exacerbate preexisting condi-• 
tions, particularly diabetes mellitus, or may 
cause new conditions to arise such as central 
serous choroidopathy.  
  A variety of vascular occlusive disorders may • 
rarely be encountered (DIC, TTP).         
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   Introduction 

 Posterior segment toxicity is a rare but important 
potential complication of certain systemic 

 medications. Retinal and choroidal toxicity may 
be associated with permanent visual loss or may 
represent potentially severe systemic complica-
tions. Timely diagnosis, and discontinuation of 
the inciting agent, may restore vision and in some 
cases improve overall health. 

 In this chapter, retinal and choroidal toxicities 
are divided primarily into one of the following 
categories: diffuse retinal changes, crystalline 
deposits, subjective visual changes without objec-
tive  fi ndings, primarily vascular changes, primar-
ily macular changes, and particular syndromes 
including induced retinal folds.  
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  Abstract 

 Retinal and choroidal manifestations/toxicity may be seen in patients 
exposed to a variety of systemic medications. Toxicity may manifest itself 
via a variety of means, including disruption of the retina and retinal pig-
ment epithelium, vascular damage, cystoid macular edema, retinal folds, 
crystalline retinopathy, uveitis, and subjective visual changes (without 
objective  fi ndings). Examples of all of these forms of toxicity will be pre-
sented. With a high index of suspicion, the correct diagnosis can almost 
always be established.  

  Keywords 

 Retinal and choroidal toxicity  •  Diffuse retinal pigment epithelium changes  
•  Vascular damage  •  Cystoid macular edema  •  Retinal folds  •  Crystalline 
maculopathy  •  Uveitis  •  Subjective visual changes without objective 
 fi ndings      
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   Toxicity with Diffuse Retinal Changes 

   Toxicity with Pigmentary Degeneration 

   Quinolines 
 Chloroquine (Aralen, Sano fi  Winthrop 
Pharmaceuticals, New York, NY), a member of 
the quinoline family of agents, and the less toxic 
derivative hydroxychloroquine (Plaquenil, Sano fi  
Winthrop Pharmaceuticals, New York, NY) are 
antimalarial agents also used to treat certain rheu-
matologic diseases. 

 Quinoline retinal toxicity has been recognized 
for over 50 years  [  1–  4  ] . Initially, the patient may 
be asymptomatic, and the  fi rst sign may be a loss 
of the foveal light re fl ex. Verticillata-like changes 
of the cornea may be noted. Nonspeci fi c macular 
pigmentary alterations typically ensue, ultimately 
leading to the classic bull’s eye lesion (Fig.  26.1a, b ). 
In advanced cases, diffuse retinal pigmentary 
changes may develop, associated with retinal 
vascular attenuation and optic atrophy 
(Fig.  26.2a–d ).   

 In mild cases, discontinuation of the agent may 
cause stabilization or even amelioration of toxic-
ity, although patients with more advanced disease 
may continue to progress  [  5  ] . Quinolines are asso-
ciated with an exceptionally long clearance time 
 [  6  ] , and toxicity 7 years following discontinuation 
of chloroquine has been reported  [  7  ] . 

 In 2002, a task force of the American Academy 
of Ophthalmology (AAO) established guidelines 
for screening patients being treated with  quinoline 

antimalarials, particularly hydroxychloroquine. 
The task force recommended risk strati fi cation 
based on a baseline examination, including 
assessment of daily dosage, dilated fundus exam-
ination, and either Amsler grid testing or auto-
mated macular perimetry  [  8  ] . Patients being 
treated with a daily dose less than 3 mg/kg of 
chloroquine or 6.5 mg/kg of hydroxychloroquine, 
with no other systemic or ocular risk factors, 
were considered unlikely to develop retinal toxic-
ity and could be followed as per the AAO 
Preferred Practice Patterns for otherwise healthy 
adult patients  [  9  ] . The daily dose should be cal-
culated based on ideal body weight, rather than 
actual weight, because quinolones are stored to a 
greater degree in lean body tissues. Obese patients 
may require more frequent monitoring  [  10  ] . 

 These guidelines are well established and 
straightforward, but there appear to be challenges 
in their practical implementation. In one study, 
about one-third of patients being treated with 
hydroxychloroquine had not received an eye 
examination  [  11  ] . More recently, screening roles 
have been proposed for spectral domain optical 
coherence tomography (OCT)  [  12  ] , fundus 
auto fl uorescence  [  13  ] , and multifocal elec-
troretinography (ERG)  [  14  ] . The precise roles of 
these ancillary tests are yet to be fully determined, 
along with microperimetry. 

 In early 2011, the screening guidelines for 
monitoring patients on hydroxychloroquine were 
updated by a task force from the American 
Academy of Ophthalmology  [  15  ] . These guide-
lines included recommendation of a baseline 

  Fig. 26.1    ( a ) Color photograph showing a typical bull’s eye form of maculopathy secondary to chloroquine. 
( b ) Fluorescein angiogram (FA) depicting a transmission defect highlighting the area of pigment loss       
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examination performed at the commencement of 
therapy. Screening examinations during the  fi rst 
5 years of therapy can be performed during rou-
tine ophthalmic examination (interval to be deter-
mined by the age of the patient and the presence 
or absence of retinal or macular disease). Earlier 
recommendations emphasized dosing by weight, 
as most patients are given 400 mg/day of hydroxy-
chloroquine. This dose is generally acceptable 
for all patients except for those of short stature 
(generally 5 ft 2 in. or less in height). These 

patients should be given a dose based on their 
ideal body weight, as otherwise overdosage may 
occur (Fig.  26.3a, b ). Furthermore, the dosage 
may need to be altered if the patient has renal or 
liver dysfunction.  

 After 5 years of therapy, screening should be 
performed at least annually. Current guidelines 
are centered around tests found to detect early 
toxicity often prior to any appreciable fundus 
 fi ndings. Patients should have a Humphrey 10-2 
automated visual  fi eld (HVF) test with a white 

  Fig. 26.2    ( a ) Color photograph showing a bull’s eye pat-
tern of maculopathy. ( b ) Corresponding FA highlighting 
the area of pigment loss. ( c ) Color photograph of the same 
patient several years later, having been off of chloroquine 

in the interim, documenting progression of disease even 
in the absence of supplemental medication. ( d ) FA high-
lighting the expanded area of pigment loss       

  Fig. 26.3    ( a ) Color photograph of hydroxychloroquine toxicity, ( b ) with associated FA. The patient had been treated 
with a standard dosage of 400 mg/day, for approximately 5 years, and the patient was of short stature       
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test object and in addition should have one of 
three objective tests at each screening: spectral 
domain OCT (SD-OCT), multifocal electroretin-
ogram (mfERG), and/or fundus auto fl uorescence 
(FAF) (Fig.  26.4a–d ). Any abnormalities of the 
pattern deviation on the HVF need to be taken 
seriously. In most situations, SD-OCT should 
also be obtained. While abnormalities on FAF are 
generally associated with concerns for active dis-
ease, the test has not yet been shown to be reli-
ably predictable as a screening tool for future 
toxicity. While mfERG is most likely the most 
sensitive test, it is still not uniformly available to 
all patients.  

 As noted in the preceding paragraph, it is 
imperative to discuss the risk of toxicity with 
patients and the rationale for screening (to detect, 
but not necessarily prevent visual loss). If ocular 
toxicity occurs and is recognized at an early 
stage, efforts should be made to communicate 
this directly to the prescribing physician so that 

alternative treatment options can be discussed 
with the patient. In almost all cases, cessation of 
the drug should be suggested. 

 The related medication quinine (Quinamm, 
Marion Merrell Dow, Inc., Kansas City, MO) is 
used to treat benign nocturnal muscle cramps and 
may be associated with distinct toxicity. Acute 
overdose is associated with headache, nausea/
vomiting, tremor, hypotension, and loss of con-
sciousness, associated with severe visual loss 
 [  16  ] . Acutely, there may be mild retinal edema 
with mild venous dilation. Over several weeks, 
arteriolar attenuation and optic atrophy develop 
(Fig.  26.5a, b ). Diffuse retinal damage is indi-
cated by abnormalities on full- fi eld ERG and 
other electrophysiologic tests  [  17,   18  ] . More 
recently, it was reported that therapeutic doses of 
quinine used to treat cerebral malaria in children 
were associated with asymptomatic and transient 
evidence of photoreceptor dysfunction, as mea-
sured by full- fi eld ERG  [  19  ] .   

  Fig. 26.4    Screening tests for hydroxychloroquine toxic-
ity. ( a ) Color photograph showing very minimal macular 
pigment mottling in a patient on hydroxychloroquine for 
5 years. ( b ) Fundus auto fl uorescence shows a minimal 
degree of abnormality in the macular region. ( c ) Spectral 

domain OCT shows minimal disruption of the inner 
 segment/outer segment (IS/OS) junction. ( d ) Multifocal 
ERG (D) shows normal waveforms (Images courtesy of 
Michael Marmor, M.D., Stanford, CA)       
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   Phenothiazines 
 Historically, the phenothiazines were commonly 
used antipsychotic medications. The piperidine 
phenothiazines, such as thioridazine (Mellaril, 
Sandoz Pharmaceuticals, East Hanover, NJ), are 
associated with a characteristic retinal toxicity. 
Symptoms include impaired vision, nyctalopia, 
and dyschromatopsia (red or brown)  [  20  ] . Early 
signs include nonspeci fi c macular pigmentary 
changes, which may progress to widespread, 
nummular atrophy of the retinal pigment epithelium 
(RPE) and choriocapillaris  [  21  ]  (Fig.  26.6a, b ). 
Advanced cases may manifest diffuse retinal pig-
mentary alterations with vascular attenuation and 
optic atrophy  [  22  ]  (Fig.  26.7a, b ). Discontinuation 
of the medication in milder cases may allow for 
stabilization or improvement of vision. In some 
cases, visual loss may continue to progress due to 

a continued decline of previously damaged  retinal 
tissue  [  23  ] . For example, a recent report docu-
mented progressive visual loss 30 years after dis-
continuing thioridazine  [  24  ] .    

   Deferoxamine 
 Deferoxamine (desferrioxamine, Desferal, 
Novartis, East Hanover, NJ) chelates iron and 
aluminum and is used to treat patients receiving 
repeated blood transfusions. Toxicity is unusual 
but generally manifests as decreased vision, nyc-
talopia, and visual  fi eld loss  [  25  ] . Initially, a gray 
discoloration of the macula may progress to dif-
fuse pigmentary changes  [  26,   27  ]  (Fig.  26.8a, b ). 
A single dose may cause toxicity  [  28  ] . Visual 
loss typically resolves after discontinuation of 
the medication  [  29  ] , but persistent visual loss has 
been reported  [  30  ] .    

  Fig. 26.5    Color photographs, showing late-onset optic disk pallor, along with vascular attenuation. The photos were 
taken 2 months after intentional overingestion of quinine in an attempted suicide       

  Fig. 26.6    ( a ) Color photograph showing intermediate thioridazine toxicity with nummular areas of pigment loss. 
( b ) FA highlights areas of central and peripheral loss of retinal pigment epithelium and choriocapillaris       
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   Toxicity with Crystalline Deposits 

   Tamoxifen 
 Tamoxifen (Nolvadex, AstraZeneca, Wilmington, 
DE), an estrogen antagonist, is commonly used 
in the treatment of metastatic breast adenocarci-
noma and more recently has been used at a higher 
dosage in the treatment of advanced glioblas-
toma. Toxicity is frequently asymptomatic, but 
may cause vision loss with dyschromatopsia  [  31  ] . 
White refractile deposits appear in the posterior 
pole (Fig.  26.9a, b ), which may be associated 
with pigmentary changes and, in advanced cases, 
cystoid macular edema (CME) with angiographic 
leakage (Fig.  26.10 ). In patients receiving high-
dose tamoxifen, peripheral retinal crystals may 
also develop  [  32  ] .   

 Asymptomatic crystals may be observed 
closely, but discontinuation of the medication is 
generally recommended in patients with CME or 

visual loss  [  33  ] . The successful use of intravitreal 
pegaptanib (Macugen, Eyetech, New York, NY) 
and/or bevacizumab (Genentech, South San 
Francisco, CA) to treat CME associated with 
tamoxifen retinopathy has been reported  [  34  ] .  

   Canthaxanthine 
 Canthaxanthine (Orobronze, Dewitte, Greenville, 
SC) is a carotenoid pigment used therapeutically 
for vitiligo and photosensitivity disorders. In 
some nations, the drug is sold as an over-the-
counter oral tanning agent. Toxicity may be 
asymptomatic, but a ring of yellow-orange crys-
tals is noted in the macula  [  35  ] , (Fig.  26.11 ) 
associated with various abnormalities in electro-
physiologic testing  [  36  ] . Imaging of the crystals 
with spectral domain OCT has been reported 
 [  37  ] . Upon discontinuation of the medication, 
the crystals typically resorb and the electrophys-
iologic parameters improve  [  38  ] .   

  Fig. 26.7    ( a ) Color photograph showing end-stage 
 thioridazine toxicity with diffuse loss of pigmentation. 
( b ) FA shows diffuse atrophy of the retinal pigment 

 epithelium and choriocapillaris, optic atrophy, and 
 vascular attenuation. This severe end-stage disease 
resembles ocular  fi ndings seen in choroideremia       

  Fig. 26.8    ( a ) Color photograph of deferoxamine toxicity showing diffuse pigment mottling with mild grayish discol-
oration. ( b ) FA documenting diffuse pigmentary retinopathy with macular and retinal edema       
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   Methoxy fl urane 
 The inhalational anesthetic methoxy fl urane 
(Penthrane) is rarely used today in the USA 
because of an associated renal toxicity character-
ized by deposition of calcium oxalate crystals in 

the renal tubules  [  39  ] . Similarly, methoxy fl urane 
is associated with a yellow-white crystalline 
retinopathy. The crystals predominate in the mac-
ular area and along the arterioles, sometimes 
associated with cotton-wool spots  [  40,   41  ] .   

  Fig. 26.9    ( a ) Color photograph showing a central perifoveal ring of tamoxifen-induced retinal crystals. ( b ) FA 
showing mild associated macular edema (though crystals are not seen). The patient was visually asymptomatic       

  Fig. 26.10    ( a ) Color photograph of tamoxifen crystal-
line retinopathy in a patient with advanced glioblastoma 
being treated with high-dose tamoxifen. ( b ) FA docu-
ments diffuse cystoid macular edema (CME). ( c ) Time 
domain OCT con fi rms the  fi ndings of diffuse CME, while 

( d ) a follow-up OCT several months later, following 
administration of intravitreal bevacizumab, shows resolu-
tion of the CME. The  fi ndings were bilateral (Images 
courtesy of David Sarraf, M.D., Los Angeles, CA)       
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   Toxicity Without Fundus Changes 

   Cardiac Glycosides 
 The  fi rst published report associating xanthopsia 
with foxglove ( Digitalis purpurea ) was pub-
lished in 1785  [  42  ] . Modern cardiac glycosides, 
including digoxin (Lanoxin, GlaxoSmithKline, 
Brentford, Middlesex, UK), are associated with 
the same toxicity. Visual acuity may be reduced, 
and color vision is usually diminished. The 
examination is typically normal, but the full- fi eld 
ERG shows characteristic and reversible abnor-
malities  [  43  ] .  

   Phosphodiesterase Inhibitors 
 The phosphodiesterase (PDE) inhibitors sildena fi l 
(Viagra, P fi zer, Inc., New York, NY), tadala fi l 
(Cialis, Lilly, Indianapolis, IN), and vardena fi l 
(Levitra, Bayer, Leverkusen, Germany) are 
widely used to treat erectile dysfunction. These 
agents inhibit PDE-5 in the penile corpora caver-
nosa but also act against PDE-6 in the photore-
ceptors  [  44  ] . A single therapeutic dose may cause 
reversible dyschromatopsia with full- fi eld and 
multifocal ERG changes  [  45,   46  ] . Typically, the 
fundus examination is normal, but these agents 
are infrequently associated with retinal vascular 
occlusion  [  47  ] , nonarteritic anterior ischemic 
optic neuropathy (NAION)  [  48  ] , and other objec-
tive  fi ndings. A recent review of clinical trials 
data reported no statistically signi fi cant associa-
tion between PDE inhibitor use and NAION or 

other adverse ocular events  [  49  ] . Long-term PDE 
inhibitor use typically causes no permanent visual 
loss  [  50  ] , but patients with preexisting retinal dis-
ease may be at increased risk  [  51  ] .   

   Toxicity with Retinal Edema 

   Methanol 
 Methanol has no indications for internal use, but 
is occasionally abused as an intoxicant or during 
a suicide attempt. Methanol ingestion is associ-
ated with severe visual loss, associated initially 
with retinal and optic disk edema, progressing to 
optic atrophy  [  52–  54  ] .    

   Toxicity with Retinal Vascular 
Changes 

   Talc 

 Magnesium silicate (talc) is used as a vehicle in 
the manufacture of many oral medications. 
Occasionally, patients abuse these medications 
by dissolving them and injecting them intrave-
nously. When this occurs, talc enters the systemic 
vascular system and may enter the retina. Initially, 
small talc particles will traverse the pulmonary 
capillary network and enter the arterial system 
(Fig.  26.12 ). Chronic injection of talc may cause 
arteriovenous shunt formation in the lungs, so 
even relatively large talc particles may enter the 
retinal circulation  [  55,   56  ] .  

 Initially, talc emboli may be asymptomatic 
 [  57  ] , but repeated exposure may lead to a rela-
tively typical ischemic retinopathy with capillary 
nonperfusion, microaneurysms, cotton-wool 
spots, and eventually retinal neovascularization 
 [  58–  60  ] .  

   Oral Contraceptives 

 Oral contraceptives are associated with retinal 
thromboembolic events, including retinal vascular 
occlusions  [  61  ]  (Fig.  26.13 ). These  complications 

  Fig. 26.11    Color photograph of canthaxanthine retinop-
athy. Prominent perifoveal punctate  yellow  deposits in a 
doughnut-shaped ring surrounding the macula ( fi ndings 
were bilateral)       
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were more common with older medications, which 
contained higher concentrations of synthetic hor-
mones  [  62,   63  ] .   

   Interferon 

 The antivirals interferon alpha-2a (Roche 
Pharmaceuticals, Nutley, NY) and alpha-2b 
(Schering Corporation, Kenilworth, NJ) are used 
to treat chronic hepatitis and various malignan-
cies. These agents are associated with a generally 
mild retinal vascular toxicity consisting of nor-
mal vision, cotton-wool spots, and intraretinal 

hemorrhages  [  64  ] . Visual loss may occur second-
ary to retinal vascular occlusion  [  65  ] , CME  [  66  ] , 
or NAION  [  67  ]  (Fig.  26.14a, b ). Systemic vascular 
disease, such as diabetes mellitus, increases the 
risk of interferon-associated retinopathy  [  68  ] . 
Successful treatment of retinopathy by lowering 
the blood pressure, without discontinuing the 
medication, has been recently reported  [  69  ] .    

   Toxicity with Maculopathy 

   Niacin 

 Niacin (nicotinic acid, vitamin B3) is used to 
treat hyperlipidemia and hypertriglyceridemia. It 
causes a characteristic that resembles CME clini-
cally and by OCT, but lacks  fl uorescein leakage 
on angiography  [  70,   71  ] . This pseudo-CME may 
be caused by intracellular  fl uid accumulation, as 
opposed to true edema, which is in the extracel-
lular space  [  72  ]  (Fig.  26.15 ).   

   Sympathomimetics 

 Intravenous sympathomimetics, including epi-
nephrine, may be associated with a clinical pic-
ture similar to idiopathic acute macular 
neuroretinopathy  [  73,   74  ] . Visual loss or para-
central scotomas may occur, and reddish-brown 
wedge-shaped lesions may develop in the outer 
retina (Fig.  26.16 ). Toxicity may occur even with 
normal blood pressure  [  75  ] .    

   Toxicity with Retinal Folds 

   Sulfanilamide-Like Medications 

 Several related medications may be associated 
with a syndrome including ciliary body swelling, 
choroidal effusion, and anterior displacement of 
the lens-iris diaphragm. Anterior segment com-
plications include nonpupillary block angle clo-
sure, and posterior segment complications include 
induced myopia and retinal folds. The  fl uorescein 
angiogram shows no vascular leakage, indicating 

  Fig. 26.12    Color photograph of talc retinopathy. 
Characteristic perifoveal  yellow-white  intra-arterial glis-
tening crystals       

  Fig. 26.13    Color photograph of a nonischemic central 
retinal vein occlusion (CRVO) in a 40-year-old hyperten-
sive female on oral contraceptives. Upon stopping the oral 
contraceptives, the CRVO resolved without treatment       
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  Fig. 26.14    ( a ) Color photograph and FA of a patient on 
interferon for treatment of hepatitis C, showing multiple 
cotton-wool spots and microangiopathy, and the SD-OCT 
documents mild cystoid macular edema. ( b ) Once the 

interferon was discontinued, 1 week later, the SD-OCT 
documents resolution of the CME (Images courtesy of 
Joseph Maguire, M.D., Philadelphia, PA)       
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that the folds are caused by vitreous traction on 
the macula during axial elongation of the eye 
(Fig.  26.17a ,  b ). Medications with a reported 
association with this syndrome include sulfanil-
amide  [  76  ] , acetazolamide (Diamox, Lederle 
Pharmaceuticals, Inc., Pearl River, NJ)  [  77  ] , met-
ronidazole  [  78  ] , hydrochlorothiazide  [  79  ] , and 

topiramate (Topamax, Ortho-McNeil, Raritan, 
NJ)  [  80  ] .    

   Summary 

 Pharmacologic retinal toxicity remains an unusual 
but important cause of visual morbidity. A high 
index of suspicion is necessary to make the proper 
diagnosis. Prompt recognition of toxicity, and 
discontinuation of the medication, may preserve 
vision and improve overall health in many of the 
cases.  

   Focal Points 

    Certain systemic medications are associated • 
with retinal or choroidal toxicity.  
  Toxicity may manifest with generalized  retinal • 
pigment epithelial changes, vascular damage, 

  Fig. 26.15    ( a ) Red-free photograph of nicotinic acid 
maculopathy showing a blunted foveal re fl ex, while ( b ) 
the FA shows very minimal late leakage. ( c ) Time domain 
OCT reveals mild macular edema. ( d ) The nicotinic acid 

was discontinued, and 2 weeks later, the time domain 
OCT returned to normal. The  fi ndings were bilateral 
(Images courtesy of Lawrence A. Yannuzzi, M.D., New 
York City, NY)       

  Fig. 26.16    Color photograph showing  reddish wedge-
shaped  macular lesions in a patient exposed to intrave-
nous sympathomimetic agents. The patient noted transient 
visual blurring       
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cystoid macular edema, retinal folds, uveitis, 
crystalline maculopathy, and with subjective 
visual symptoms.  
  Discontinuation of the medication frequently, • 
but not always, leads to stabilization or 
improvement of vision.  
  Progression of ocular  fi ndings may be seen • 
even after cessation of therapy with the 
quinolines.         
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   Introduction 

 The identi fi cation of associated kidney disease 
and retinal blindness has a long history that con-
tinues to the present day. At the forefront of this 
association stand two of the major diseases of 

modern times, namely arterial hypertension and 
diabetes. Moreover, the retina is one of the most 
common tissues involved in nonpolycystic kidney 
disease (PKD) types of cystic kidney disorders. 

 The kidney and the eye are closely linked in 
many diseases, both common and rare. Despite 
their vastly different functions, both the kidney 
and the retina are frequently vulnerable to the 
same systemic pathological processes such as 
vascular stress and complement pathway dysreg-
ulation. Several factors play a joint pathophysio-
logical role in impaired kidney function and 
associated ocular disease, and mutual vulnerabil-
ity of both retina and kidney underlies several 
syndromes and disease entities. Disorders involv-
ing both the eye and the kidney can result from 
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developmental problems, metabolic defects, 
 vascular disease, autoimmune conditions, infec-
tions, tumors, and pharmacological side effects. 
The term “oculorenal syndromes” points to a 
large and heterogeneous group of malformations 
and systemic diseases with particular and unusual 
ocular and renal features. 

 Patients with renal disease may require speci fi c 
ophthalmic management, and vice versa. Several 
systemic diseases contribute to both retinal and 
renal pathology. The most widespread, and thus 
important, of these are diabetes mellitus and arte-
rial hypertension, in which patients frequently 
develop both nephropathy and retinopathy. Both 
conditions can cause signi fi cant microvascular 
pathology that can injure the retinal and renal 
capillary beds and lead to structural and func-
tional damage.  

   Diabetes 

 Diabetic retinopathy is a microangiopathic con-
dition caused by hyperglycemia in its early stages 
and capillary closure as the condition progresses. 
Hyperglycemia causes vascular basement mem-
brane thickening and a loss of both vascular 
endothelial cells and pericytes. Capillary nonper-
fusion results in retinal ischemia, which then 
determines the further course of the damage. 
Hypoxia induces preretinal neovascularization 
(Fig.  27.1 ), the development of which is modu-
lated by angiogenic factors such as vascular 
endothelial growth factor (VEGF) and insulin-
like growth factor 1 (IGF-1). These new vessels 
are very fragile, predisposing them to microaneu-
rysms and vascular leakage. Increased vascular 
permeability leads to several complications 

(Table  27.1 ), with macular edema representing 
the most debilitating problem in terms of visual 
function.   

 Both diabetic retinopathy and microalbuminu-
ria, the telltale indication of early diabetic renal 
pathology, are expressions of microvascular dam-
age. They are promoted by hypertension, hyperg-
lycemia, dyslipidemia, and elevated levels of 
angiotensin II and are prevented and initially 
treated by adjusting these risk factors to the near-
normal range. Due to structural similarities 
between the renal and retinal microvasculature, 
both organs are particularly susceptible. 
Angiotensin II leads to vascular constriction, 
increased capillary permeability, and increased 
blood pressure. This has a similar effect in both 
renal and retinal microvasculature, namely leak-
age. In the kidneys, increased  fi ltration pressure 
in the glomerular capillaries causes leakage of 
albumin into the urine. In the retina, increased 
retinal capillary pressure and permeability lead to 
macular edema  [  1  ] . The association between high 
blood pressure and renal and retinal dysfunction 
is well recognized  [  2  ] . Similarly, microalbuminu-
ria is associated with an increased risk of prolif-
erative retinopathy and blindness  [  3  ] . 

 The renin-angiotensin system (RAS) has been 
implicated in the pathogenesis of diabetic retin-
opathy  [  4  ] . Indeed, early blockade of the renin-
angiotensin system in patients with type 1 
diabetes has been shown to slow the progression 
of retinopathy  [  5  ] . Angiotensin II has been shown 
to be synthesized in the eye, particularly in those 
areas susceptible to diabetic retinopathy  [  6  ] . 
Further, there is a correlation between vitreous 
angiotensin-converting enzyme (ACE) activity 
and vitreous levels of VEGF  [  7  ] , which is 
increased in the eyes of patients with  proliferative 

Fig. 27.1 (continued) ( asterisk ) and relatively mild leak-
age from the retinal vessels in the macular area, which is 
responsible for decreased visual acuity. In the left eye, 
the color fundus photograph ( e ) shows multifocal, periph-
eral neovascular tufts as well as neovascularization of the 
optic nerve head ( arrow ) and  fi brosis ( asterisk ). In the 
macula and temporomacular region, vascular leakage has 
led to lipoid exudates ( arrowheads ) and edema with 
marked visual loss. Further temporal, hemorrhages and 

capillary  nonperfusion are present. Capillary nonperfu-
sion is better recognized on the red-free image ( f ), which 
also shows the extent of the neovascular tufts and of the 
 fi brosis. FA ( g ) shows massive leakage from the neovas-
cular membranes and, on the  upper left side  of the image, 
extensive capillary nonperfusion, indicated by a near-
total lack  fl uorescence ( asterisk ). The late-stage FA ( h ) 
shows massive leakage in the posterior pole and capillary 
nonperfusion peripherally       
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  Fig. 27.1    Color fundus photograph ( a ) of the right eye 
of a diabetic patient with multifocal proliferative retin-
opathy and a relatively well-preserved macula, despite 
lipoid exudates temporal of the macula ( arrow ). The red-
free photograph ( b ) better shows the fan-shaped neovas-
cular membrane in the inferotemporal region ( arrow ). On 
the  fl uorescein angiograph ( c ), the darker area ( asterisk ) 

indicates peripheral capillary dropout. Fluorescence indi-
cates leakage of  fl uorescein dye from the neovascular 
tufts ( arrows ) and from the veins ( arrowhead ), especially 
obvious in the omega-shaped venous dilatation ( double 
arrow ), nasal of the optic disk. Fluorescein angiography 
of the papillomacular region ( d ) shows pronounced leak-
age from the inferotemporal neovascular membrane 
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diabetic retinopathy  [  8  ] . The bene fi ts of RAS 
blockade in diabetic retinopathy may represent 
direct effects on the eye, independent of effects of 
systemic blood pressure  [  5  ] . Large studies have 
shown that angiotensin II blockade with sartans 
leads to an absolute reduction of both renal events 
and the progression of retinopathy  [  9,   10  ] . In the 
Steno-2 study, an intensive program of multifac-
torial risk reduction signi fi cantly lowered the rate 
of microvascular complications in which both 
nephropathy and retinopathy were decreased by 
about 50% as compared to controls  [  11  ] .  

   Vascular Disease 

 Arterial hypertension is a frequent complication 
of congenital and developed kidney diseases such 
as renal dysplasia, glomerulonephritis (GN), and 
renal artery stenosis (RAS). Further, essential 
(idiopathic) hypertension and secondary nonre-
nal hypertension can cause arteriolar nephroscle-
rosis and extensive kidney damage, leading to 
renal insuf fi ciency. Fundus examination is a sim-
ple method of evaluating the effect of arterial 
hypertension on the blood vessels. Hyperlipidemia 
and other lipid metabolism disturbances occur 
frequently in patients with chronic renal 
insuf fi ciency, and they too contribute to the ath-
erosclerotic complications in the microvascula-
ture of the eye and elsewhere in the body. 

 Systemic diseases associated with microan-
giopathy, vasculitis, or diffuse intravascular 
coagulation can cause both renal and ocular vas-
cular lesions. Most prominent among these dis-
eases is diabetes, with its tendency to cause 
diabetic nephropathy and retinopathy. Serious 
vascular damage can be caused by lupus 
 erythematodes, sarcoidosis, periarteritis nodosa, 
Wegener’s disease, thrombotic thrombocytopenic 

purpura, and hemolytic uremic syndrome. In 
these conditions, the clinical picture is often 
dominated by renal insuf fi ciency and a marked 
decrease in visual acuity. 

   Hypertensive Retinopathy 

 Arterial hypertension (AHT) and renal disease are 
closely linked. AHT can occur in acute renal con-
ditions such as acute poststreptococcal glomeru-
lonephritis (PSGN), Henoch-Schönlein purpura 
(HSP), hemolytic uremic syndrome (HUS), and 
acute urinary tract obstruction. It is also a frequent 
complication of long-term renal conditions such 
as chronic pyelonephritis and re fl ux nephropathy, 
chronic glomerulonephritis, renal dysplasia, and 
polycystic kidney disease. Renovascular abnor-
malities such as renal artery stenosis or occlusion 
also lead to AHT, due to disturbances in the renin-
angiotensin system. Lastly, AHT can occur post-
operatively after kidney transplantation. 

 Due to the vastly improved treatment of kid-
ney disease and its associated AHT, ophthalmol-
ogists are now less frequently confronted with 
patients with visual loss due to hypertensive ocu-
lopathy than they were in the past. However, ocu-
lar fundus examinations can make up a signi fi cant 
part of the follow-up of hypertensive patients, 
especially in the context of diabetic nephropathy, 
which is often associated with AHT. 

 Hypertensive retinopathy has long been recog-
nized as a clinical entity due to its high prevalence 
as well as its easily visualized fundus abnormali-
ties. AHT induces autoregulatory increases of the 
retinal vasculature tone, leading to vasoconstric-
tion. This is most obvious in the precapillary 
 arterioles. Long-standing AHT leads to sclerotic 
vasculature, permanent arteriolar constriction, 
pinched arteriovenous crossing (Gunn’s crossing 
sign), arterial tortuosity, silver-colored artery 
re fl exes, large-angle (omega) arterial branching, 
and arteriolosclerosis (Table  27.2 ). However, 
these abnormalities can also occur as simple age-
related changes in normotensive patients.  

 There are, however, several more speci fi c 
signs of AHT to be found in the retina. Retinal 
vascular diameter is closely linked to blood 

   Table 27.1    Microangiopathic problems in diabetic 
retinopathy   

 Increased vascular 
permeability 

 Increased vascular 
fragility 

 Macular edema  Microaneurysms 
 Hard exudates  Intraretinal hemorrhage 
 Cotton-wool spots  Venous beading and loops 
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 pressure  [  12  ] . Vascular diameter increases with 
long-standing AHT, causing a breakdown of the 
blood-retina barrier. This leads to intraretinal 
bleeding, cotton-wool spots, retinal edema, and, 
in extreme cases, swelling of the optic disk. 
Papilledema can lead to optic nerve atrophy and 
long-term loss of visual acuity. The ophthalmo-
scopic evaluation of the retinal vasculature 
requires a certain degree of experience, and the 
evaluation is also subject to subjective interpreta-
tion (Table  27.3 ). Digital fundus photography can 
help objectify  fi ndings.  

 Leaking retinal vessels manifest ophthalmo-
scopically as edema;  fl uorescein angiography 
clearly shows leakage. Resorption of the edema 
frequently results hard exudates. These yellow-
white deposits are the precipitates of lipid resi-
dues within the outer plexiform (Henle’s) layer 
and consist of plasma proteins, phospholipids, 
cholesterol, and triglycerides. These appear pri-
marily in a circinate pattern peripheral to areas of 
chronic leakage. End-stage hypertensive retinop-
athy can result in a macular star and/or circump-
apillary hard exudates. 

 Ischemic damage to the retinal nerve  fi ber 
layer (RNFL) is visualized as cotton-wool spots. 
These appear funduscopically as puffy white 
patches in the inner retinal layers; FA shows a 
small zone of capillary dropout. Flame-shaped 
hemorrhages, in which the blood is trapped in 
the nerve  fi ber layer, also become visible 
(Fig.  27.2 ).  

 Besides hemorrhage, these signs of hyperten-
sive retinopathy generally do not on their own 
cause visual loss, unless they occur within or 
near to the fovea. However, complications of 
hypertensive retinopathy include retinal artery 
and/or vein (Fig.  27.3 ) occlusions and macroan-
eurysms that can lead to vitreous hemorrhage or 
exudative lesions threatening the macula. 
Indeed, vascular changes due to AHT are the 
most common cause of retinal vein occlusion. 
These complications can have devastating 
effects on visual acuity.  

 Hypertensive crises, generally de fi ned as a 
diastolic pressure exceeding 120 mmHg, pose a 
particular problem. When the perfusion pressure 
is sharply increased, the physiological autoregu-
latory mechanisms of the retinal arteries are over-
powered and the blood-retina barrier can be 
broken, leading to hemorrhage and edema. At 
extreme pressures,  fi brinoid necrosis of the ves-
sel walls occurs, leading to a complete loss of 
tone and aneurysmal dilation. 

 Hypertensive choroidopathy (HC) is another, 
albeit less common, result of acute hypertensive 
crises. This occurs especially in younger patients 
without vascular sclerosis. For example, patients 
with (pre)eclampsia, connective tissue disease, 
kidney disease, and pheochromocytoma are poten-
tially susceptible to HC. The acute hypertension 
stimulates a sympathetic response, leading to 
vasoconstriction with reduced choriocapillary per-
fusion. In contrast to the retinal vasculature, the 
choriocapillaris is not autoregulated. Compensatory 
vasoconstriction, and the fact that these vessels are 
thin and highly fenestrated, leads to retinal edema, 
subretinal  fl uid, and infarction of the choroid and 
the overlying retinal pigment epithelium (RPE). In 
the acute stage, these lesions leak on  fl uorescein 
angiography (FA) and indocyanine green angiog-
raphy (ICGA). After blood pressure normalization 

   Table 27.2    The Scheie classi fi cation of arteriosclerotic 
retinal vascular changes (Adapted from  [  155  ] )   

 Stage  Characteristics 

 I  Widening of arteriolar re fl exes 
 II  Arteriovenous crossing sign 
 III  Copper-wire arteries (copper-colored 

arterial re fl ex) 
 IV  Silver-wire arteries (silver-colored 

arterial re fl ex) 

   Table 27.3    The Keith–Wagener–Barker classi fi cation of 
vascular changes in hypertensive retinopathy (Adapted 
from  [  156  ] )   

 Stage  Characteristics 

 I  Constricted and tortuous arterioles 
 II  Severe vascular constriction 

 Gunn’s crossing sign: Venous blood 
column is constricted by sclerotic artery 

 III  Retinal hemorrhages 
 Hard exudates 
 Cotton-wool spots 
 Retinal edema 

 IV  Papilledema 
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  Fig. 27.2    Hypertensive retinopathy of recent onset in a 
30-year-old male with typical  fl ame-shaped hemorrhages 
( arrow ) in the papillomacular region and along the infer-
otemporal vein ( arrowhead ), as well as several cotton-
wool spots ( asterisks ). The early-phase  fl uorescein 
angiogram ( b ) shows microvascular changes with early 

leakage around the optic nerve head ( arrow ) and in the 
papillomacular region, with intensive leakage and edema 
in the late-phase image ( c ). The right eye had identical 
lesions, indicating a systemic pathology, which was an 
acute hypertensive crisis in this case       

  Fig. 27.3    Mixed branch arterial and venous occlusion in 
the inferotemporal region of the retina of the right eye. 
The color fundus photograph ( a ) shows nonperfusion of 
the artery ( black arrow ), branch venous congestion, and 
swelling ( black arrowhead ). Cotton-wool spots ( asterisk ) 
and dense hemorrhages ( white arrows ), indicative of rela-
tively recent occlusion, are still visible. However, lipoid 

exudates ( white arrowhead ), located at the superior bor-
der of the occluded region, indicate that there has been 
edema for several months. The early-phase  fl uorescein 
angiograph ( b ) shows that while the majority of the 
branches of the inferotemporal artery are occluded, the 
artery itself ( white arrow ) is still perfused       
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and regression of the hypertensive choroidopathy, 
speci fi c  fi ndings include punctate beige-yellow 
patches of RPE necrosis or atrophy overlying the 
area of choroidal infarction (Elschnig spot and 
scars of choroidal infarct). Pigmentary changes 
running parallel to choroidal arteries (Siegrist’s 
streaks) may also be present. Speci fi c ophthalmo-
logic interventions are not indicated. However, 
treatment of the underlying cause of the crisis is 
crucial. 

 Regular ophthalmoscopic examination is 
required to minimize the risk of complications 
that are generally, but not always, preventable 
with tight control of blood pressure. Treating the 
underlying disorder is crucial in hypertensive 
retinopathy. However, fundus changes due to 
arteriosclerosis are currently irreversible.  

   Hypertensive Optic Neuropathy 

 An arterial hypertensive crisis can also cause an 
optic neuropathy whose evolution closely paral-
lels that of anterior ischemic optic neuropathy 
(AION) in the elderly population. The optic neu-
ropathy can be the most prominent  fi nding or can 
be associated with obvious signs of hypertensive 
retinopathy. Hypertensive optic neuropathy 
(HON) manifests with papillary edema and, sev-
eral weeks later, atrophy of the optic nerve head 
(Fig.  27.4 ). HON leads to sudden visual loss. 

While AION is predominantly a disease of the 
elderly, due to the inability to adjust to changes in 
perfusion pressure due to preexisting vascular 
disease, HON has been postulated to be due to a 
sudden relative fall in arterial pressure, leading to 
reduced perfusion of the optic disk, whose circu-
lation has been compromised by long-standing 
hypertensive vascular disease  [  13  ] . Patients com-
plain of loss of vision, and loss of visual  fi eld is a 
prominent  fi nding.   

   Thrombotic Microangiopathy 

 Hemolytic uremic syndrome (HUS) and throm-
botic thrombocytopenic purpura (TTP) are two 
closely related microangiopathic conditions 
characterized by profound thrombocytopenia 
and microangiopathic hemolytic anemia. The 
diagnostic pentad for TTP includes the follow-
ing characteristics: thrombocytopenia, microan-
giopathic hemolytic anemia, neurological 
symptoms and signs, various degrees of renal 
function abnormalities, and fever without other 
explanation. HUS is distinguished from TTP by 
the presence of acute renal failure (ARF) in addi-
tion to the thrombocytopenia and microangio-
pathic hemolytic anemia common to both 
syndromes. Some authors consider TTP and 
HUS to be different clinical expressions of the 
same disease  [  14  ] . 

  Fig. 27.4    Membranoproliferative glomerulonephritis 
type 2 (MPGN2; dense deposit disease): Color fundus 
photograph of the right eye ( a ) shows diffusely scattered 
drusen and retinal pigment epithelial lesions as well as an 
old,  fi brotic, inactive subretinal membrane ( arrow ), which 

is responsible for markedly reduced visual acuity. The left 
eye ( b ) also shows MPGN2-associated drusen and a sub-
retinal membrane with hemorrhage. This eye abruptly lost 
vision as a result of anterior ischemic optic neuropathy, as 
indicated by the pale optic disk       
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 Plasma exchange therapy is the treatment of 
choice for TTP. HUS, which is most commonly 
triggered by a prodromal diarrheal illness 
caused by infection with  Escherichia coli  O157 
or another Shiga toxin-producing bacterial 
strain, does not have a standard treatment. 
However, because differentiation of TTH and 
HUS is not always possible, empiric treatment 
with plasma exchange should be strongly 
 considered if the diagnosis is uncertain. 
Hypertension and proteinuria are serious long-
term sequelae of HUS, which can lead to the 
need for renal transplantation. 

 Thrombotic microangiopathy always involves 
the renal glomeruli and smaller arterial vessels of 
the kidney, but sometimes the extrarenal vascular 
beds are spared. Ocular abnormalities due to the 
thrombotic microangiopathy of both HUS and 
TTP have been extensively described. Ocular 
involvement during TTP occurs in 14–20% of 
patients  [  15–  17  ] , although underestimation might 
occur due to the presentation of the ocular mani-
festations during the preterminal stage of the dis-
ease  [  18  ] . The lesions can be categorized 
according to their being caused by speci fi c ocular 
thrombotic microangiopathy lesions or their 
being the symptoms of the systemic disorders 
caused by the thrombotic microangiopathy itself 
 [  16,   19  ] . The  fi rst group includes choroidal bleed-
ing, intraretinal hemorrhage, retinal detachments, 
papilledema, diplopia, and anisocoria  [  20,   21  ] . 
Anisocoria can be caused by intracranial hemor-
rhage  [  22  ] . An oculofundal sign suggesting sys-
temic damage due to HUS is hypertensive 
retinopathy. In TTP, massive bilateral retinal and/
or choroidal vascular occlusion is seen  [  23  ] . 

 Bilateral serous retinal detachments can occur 
due to choroidal infarction, also due to TTP, and 
optic neuropathy due to HUS  [  24  ] . Reversible 
retinal thrombotic microangiopathy and tempo-
rary blindness have also been described  [  25  ] . 
Retinal intravascular thrombosis has also been 
shown histopathologically, with signs of isch-
emic retinal necrosis evident in ganglion cells. 
Other fundus abnormalities include soft exudates, 
papilledema, vitreous hemorrhage, retinal detach-
ment, and optic nerve atrophy  [  26  ] . Cortical (cen-
tral) blindness has also been described  [  26  ] . 

Visual problems can occasionally even be the 
presenting sign of TTP  [  27  ] . This is of impor-
tance, because such symptoms can be cured, even 
in the short term, with adequate plasmapheresis 
 [  28  ] . Nonfundal ocular signs include palpebral 
purpura or swelling, chemosis, subconjunctival 
bleeding, and scleral jaundice. 

 A short-term hypertensive crisis will not usu-
ally cause ocular lesions. However, thrombotic 
choriocapillary microangiopathy can lead to 
serous retinal detachment, especially if arterial 
hypertension is also present. In this case, sudden 
loss of vision is the rule, although visual recovery 
follows treatment of the thrombotic 
microangiopathy.   

   Dysregulation of the Alternative 
Complement Pathway with Renal 
and Ocular Fundus Changes 

 Membranoproliferative glomerulonephritis type 
II (MPGN-II), also known as dense deposit dis-
ease or mesangiocapillary glomerulonephritis, is 
a rare kidney disorder that usually presents in 
early adulthood with proteinuria, hematuria, and 
renal impairment  [  29  ] . The disease is associated 
with dysregulation of the alternative complement 
pathway, and circulating C3 nephritic factor, 
causing “dense” ribbon-like immune deposits 
within the renal glomerular basement membrane 
(GBM). The cause of the systemic complement 
pathway activation is unknown, although the pos-
sibility of an immunogenetic link, via anti-factor 
B, has been suggested  [  30  ] . The disease may be 
associated with partial lipodystrophy, character-
ized by the loss of subcutaneous fat from the 
upper body  [  31  ] . However, partial lipodystrophy 
can also be associated with fundus changes in the 
absence of renal disease. Nearly 50% of patients 
with MPGN-II progress to end-stage renal dis-
ease within 10 years of disease onset  [  32  ] . Renal 
transplantation is frequently required  [  33  ] . 

 Patients are initially asymptomatic, but scruti-
nizing the fundus leads to the discovery of small 
drusen. Fluorescein angiography may be required 
to identify these changes  [  34  ] . With time, the 
drusen become more numerous and there is a slow 
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evolution over many years to either  geographic 
atrophy very similar to geographic atrophy in age-
related macular degeneration (AMD) and/or to 
choroidal neovascularization (CNV) that is 100% 
occult or with a classic component. Complaints in 
advanced stages are similar to those in AMD. 
Fluorescein angiography of these patients with 
MPGN-II is characterized by the presence of 
numerous, small, tightly packed basal laminar 
drusen throughout the posterior pole. These 
 fl uoresce brightly on FA, giving a starry sky 
appearance (Fig.  27.4 ). The changes are located 
within Bruch’s membrane, the choriocapillaris, 
and the RPE and are very similar to those observed 
in AMD. However, MPGN-II-associated drusen 
appear at a younger age than those seen in patients 
with AMD. Indeed, the drusen manifest early in 
the MPGN-II disease process, so that a dilated 
fundus exam can be useful in the initial diagnosis 
of MPGN-II, particularly in relatively young 
patients with chronic glomerulonephritis. Also, 
choroidal neovascular membranes similar to those 
found in AMD are often noted, and these are also 
seen much earlier than in AMD, between the ages 
of 25 and 35 years  [  35  ] . Central serous chori-
oretinopathy (CSCR), retinal pigment epithelial 
detachment, and mottled pigmentation are also 
seen. Fluorescein angiography (FA) can be used 
to con fi rm the diagnosis  [  36  ] . Because  fl uorescein 
dye is eliminated via both the liver and the kidney, 
FA can be safely conducted in patients with renal 
failure. OCT can be useful to both demonstrate 
and monitor structural changes in the RPE and 
choriocapillaris. 

 The presence of ophthalmoscopically visible 
fundus changes is related to the disease duration. 
However, because the extent of ocular involve-
ment does not correlate well with the severity of 
renal involvement, renal physicians should be 
encouraged to refer all their MPGN type II 
patients to an ophthalmologist for a baseline visit, 
regardless of the disease severity. Patients can 
bene fi t from further ophthalmic explanation, and 
they should be advised to seek urgent help if dis-
tortion of central vision occurs, taking into 
account the risk of development of a choroidal 
neovascular membrane, a complication that is 
now treatable.  

   Developmental Anomalies of the Eye 
and Kidney 

   Papillorenal Syndrome 

 First described by Rieger in 1977, papillorenal 
syndrome (PRS), alternately known as renal-
coloboma syndrome, is a distinct autosomal 
dominant disorder characterized by a spectrum of 
congenital kidney and eye abnormalities includ-
ing optic nerve dysplasia, optic nerve coloboma, 
and optic pit. The condition results from a muta-
tion of the PAX2 gene, a transcription factor with 
a critical role in embryologic development of the 
kidneys and optic nerves. PAX2 has been shown 
to determine the number of axons in mouse optic 
nerves  [  37  ] . It has also been suggested that PRS 
is a primary dysgenesis that causes vascular 
abnormalities predominantly affecting the eye, 
kidney, and urinary tract, leading to hypoplasia of 
these structures  [  38  ] . This distinct genetic disor-
der can be identi fi ed in patients with renal dys-
plasia through a careful eye examination, which 
is important, considering these patients are fre-
quently asymptomatic upon presentation  [  39  ] . 

 Differentiation of the PRS from other oculore-
nal syndromes (ORS) can be based on ocular 
 fi ndings, since the presence of optic nerve 
involvement makes the diagnosis of the PRS 
much more likely. The only other known ORS 
with both optic disk coloboma and renal disease 
is acro- renal ocular syndrome, in which the pres-
ence of thumb hypoplasia or polydactyly distin-
guishes it from PRS  [  40  ] . However, the disk 
anomaly is variable in the PRS, ranging from the 
morning glory anomaly to coloboma or optic pit. 
In PRS, the hereditary absence of central retinal 
vessels may be missed, leading to confusion with 
morning glory anomaly, isolated coloboma, or 
low-tension glaucoma. The association with renal 
disease will help avoid confusion with isolated 
coloboma or the morning glory anomaly (MGA). 
Further, the optic nerve anomaly is unilateral in 
MGA and bilateral in PRS. Optic disk excavation 
and superonasal visual  fi eld defects may lead the 
ophthalmologist to consider glaucoma. However, 
the visual  fi eld defects in PRS correspond to 
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 inferotemporal areas of anomalous retinal and 
choroidal perfusion, and hypoplastic retina. 
Another clue is that multiple cilioretinal vessels, 
with absent or vestigial central retinal vessels, are 
also present (Fig.  27.5 )  [  38  ] .  

 Given the variable expression of the syn-
drome, a careful ophthalmologic examination 
is justi fi ed in all patients with an apparently 
isolated congenital malformation of the nephro-
urological system. Extreme variability can even 
be present within one family  [  41  ] . Alternately, 
renal abnormalities should be considered when 
atypical round optic disk colobomas are 
observed  [  42  ] . Upon diagnosis,  fi rst-degree rel-
atives should undergo screening, which should 
also be performed on individuals with multiple 
cilioretinal vessels in both eyes  [  43  ] . This is of 
interest to the ophthalmologist because in 
patients with renal dysplasia, the distinct 
genetic disorder can be suspected by means of 
ocular fundus examination and con fi rmed with 
genetic tests. In patients without a known fam-
ily history of the disease, the diagnosis is usu-
ally not made until kidney problems manifest. 
Renal hypoplasia is the most common cause of 
renal failure in the PRS. Vesicoureteric re fl ex 
leading to chronic pyelonephritis is a less 

 common cause. Clinical diagnosis requires 
optic disk examination.   

   Defective Biosynthesis of Collagen 
Type IV: Alport Syndrome 

 Alport syndrome (AS) is a hereditary disorder 
caused by mutations in the biosynthesis genes of 
type IV collagen. This collagen subtype is a cru-
cial structural component of the basement mem-
brane in the glomerulus, retina, lens capsule, and 
cochlea  [  44–  47  ] . The lesions correspond to the 
anatomic locations at which collagen IV is cru-
cial to basement membrane structure. Originally 
termed hereditary familial congenital hemor-
rhagic nephritis, the disease is characterized by a 
progressive nephropathy leading to end-stage 
renal disease in all affected males and many 
affected females. The disease is most commonly 
X-linked, and penetrance is variable in female 
carriers. It is the third-most common inherited 
cause of renal failure in children, after nephro-
nophthisis and re fl ux nephropathy. The present-
ing sign of Alport syndrome is often hematuria. 
Sensorineural deafness occurs in 60–80% of 
males, and ocular lesions occur in 25–40%  [  48  ] . 

  Fig. 27.5    Color fundus photograph ( a ) of a 15-year-old 
female patient with the PAX-2 mutation associated with 
papillorenal syndrome. The patient had no ocular symptoms, 
but screening showed an optic pit ( arrow ) and several cil-
ioretinal vessels ( arrowheads ) in both eyes, as manifestations 
of optic disk dysplasia. The patient has hematuria, and the 
father has end-stage renal disease. The same PAX-2 muta-

tion was identi fi ed in both father and daughter. A CT scan of 
another patient ( b ), a 26-year-old male with the PAX-2 muta-
tion and bilateral ocular dysplasia. The left eye is blind and 
microphthalmic and has a retrobulbar cyst ( asterisk ). The 
right eye has severe dysplasia of the optic nerve and retina 
but is of a normal size. The patient’s mother also has the 
PAX-2 mutation, but without signi fi cant loss of vision       
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Rarely, mental retardation or leiomyomatosis 
occurs  [  49  ] . 

 The ocular signs are pathognomonic, consist-
ing of retinopathy and lenticonus of the anterior 
lens capsule. Moreover, the corneal epithelium is 
fragile, leading to an increased risk of cornea ero-
sions  [  50  ] . The characteristic dot-and- fl eck retin-
opathy is highly speci fi c for Alport syndrome, 
although an absence of retinopathy does not 
exclude AS. Further, it is not associated with 
functional impairment. Nevertheless, due to its 
characteristic appearance, it is very useful in the 
diagnosis of AS. It is present in a majority of 
males, in up to one third of females with X-linked 
disease and in up to three-quarters of patients 
with the less common autosomal recessive form 
of the disease. The lenticonus of the anterior lens 
capsule, indicated by the “oil droplet sign,” is vis-
ible with a standard, handheld retinoscope and is 
also speci fi c for Alport syndrome. 

 Diagnosis of Alport syndrome is not always 
straightforward, and it frequently depends on 
clinical, histopathologic, and genetic criteria. 
Typical clinical features and a positive family 
history should heighten suspicion. Clinical 
 criteria include a positive family history of the 
disease, persistent (micro)hematuria, and abnor-
malities of the eyes and/or ears. Kidney biopsy 
has traditionally been the main histopathological 
criterion for con fi rming the diagnosis. However, 

a skin biopsy showing the absence of staining for 
the a5 chain of type IV collagen in the epidermal 
basement membrane is highly speci fi c. This is, 
however, only sensitive enough to detect 80% of 
all cases, at best  [  51  ] . Affected patients may go 
unrecognized due to atypical clinical features, an 
unhelpful biopsy, or even lack of successful 
genetic testing. 

 Ocular features, particularly the characteristic 
retinopathy, can be helpful in making the diagno-
sis. Funduscopic examination reveals symmetric, 
bilateral perimacular “dot-and- fl eck” retinopathy 
in about 40% of patients  [  52  ] . This consists of 
bright yellowish-white granulations surrounding 
the fovea. Fluorescein angiography is normal. 
Perimacular changes are signi fi cantly associated 
with earlier renal failure, and the presence of 
con fl uent lesions strengthens this association 
 [  53,   54  ] . The con fl uence of the lesions creates a 
polished appearance termed a “tapetal-like sheen,” 
which extends from the perifoveal region to the 
outermost vascular arcades  [  53  ] . The fovea itself 
lacks these dots and  fl ecks and is thus compara-
tively dull. The foveal region is described as look-
ing like a “lozenge,” which refers to the nonshiny 
appearance of a throat lozenge, or cough tablet, 
contrasting with the shinier perifoveal drusen. 
This “dull macular re fl ex” is best visible with red-
free photography and can progress to a full-thickness 
macular hole (Fig.  27.6 ). The lozenge occurs only 

  Fig. 27.6    A red-free fundus photograph ( a ) and an opti-
cal coherence tomography (OCT) ( b ) of a large, full-
thickness macular hole in the right eye of a 56-year-old 

male patient with Alport disease. The left eye developed 
identical changes       
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in cases of central perimacular retinopathy, is 
diagnostic for Alport syndrome, and is signi fi cantly 
associated with early-onset renal failure.   

   Ciliopathies 

 The ciliopathies are systemic disorders that result 
in a wide range of abnormalities. This is due to 
the fact that cilia are common organelles present 
on nearly every cell in the human body, and their 
dysfunction can thus lead to pleiotropic disorders 
 [  55  ] . There are three basic categories of cilia: 
motile, primary, and nodal. The most well known 
are the motile cilia, which beat in an orchestrated 
wavelike fashion on the surface of epithelial cells 
and are involved in  fl uid and cell movement. 
Primary cilia are solitary organelles that project 
from the surface of cells and lack the central pair 
of microtubules needed to generate motile force. 
These cilia are involved in renal and retinal dis-
ease. A third class of cilia, nodal cilia, plays an 
essential role in embryology and the establish-
ment of the left-right body axis. 

 Retinal and renal dysfunction is observed 
across a range of ciliopathies. This is due to 
defects in photoreceptor and renal cilia, respec-
tively. In the retina, the primary, or sensory, cil-
ium of photoreceptors mediates polarized 
traf fi cking of proteins for ef fi cient phototrans-
duction. Genetic defects in these cilia lead to reti-
nal dysfunction. For example, retinitis pigmentosa 
GTPase regulator (RPGR) is a cilial-centrosomal 
protein mutated in over 70% of X-linked retinitis 
pigmentosa cases  [  56  ] . 

 The retinal ciliopathies include selected sub-
types of retinitis pigmentosa, cone dystrophy, 
cone-rod dystrophy, and Leber congenital amau-
rosis, as well as retinal degenerations associated 
with Bardet-Biedl syndrome, Senior-Loken syn-
drome, Usher syndrome, primary ciliary dyski-
nesia, Joubert syndrome, Laurence-Moon 
syndrome, McKusick-Kaufman syndrome, and 
Biemond syndrome. Mutations for these disor-
ders have been found in retinitis pigmentosa-1 
(RP1), retinitis pigmentosa GTPase regulator 
(RPGR), retinitis pigmentosa GTPase regulator 
interacting protein (RPGR-IP), as well as the 

Usher, Bardet-Biedl, and  nephronophthisis 
genes. Other  systemic disorders associated with 
retinal degenerations that also involve ciliary 
abnormalities include the Alström, Jeune, 
Edwards-Sethi, Ellis-van Creveld, Meckel-
Gruber, orofaciodigital type 9, and Gurrieri 
syndromes. 

 Understanding these conditions as ciliopathies 
may help the ophthalmologist recognize associa-
tions between seemingly unrelated diseases and 
have a high degree of suspicion that a systemic 
 fi nding may be present. Several of these diseases, 
such as Bardet-Biedl, Alström, and Senior-Loken 
syndromes, affect both the retina and the kidneys 
and will be discussed further. 

   Bardet-Biedl, Alström, and Related 
Syndromes 

 Bardet-Biedl syndrome (BBS) is an autosomal 
recessive ciliopathic genetic disorder character-
ized by six major features: retinal degeneration, 
renal dysfunction, central obesity, intellectual 
impairment, polydactyly, and hypogonadism 
 [  57  ] . However, the entire spectrum of abnormali-
ties in BBS is only seen in a minority of patients. 
Intellectual impairment, polydactyly, and hypog-
onadism might be absent in female patients  [  58  ] . 
Nevertheless, retinal dystrophy is a consistent 
 fi nding. The renal component of the disease 
signi fi cantly reduces patients’ life expectancy, 
and ESRD is usually noted as the primary cause 
of death  [  59  ] , although renal transplantation has a 
reasonably good outcome in BBS  [  60  ] . 
Histopathologically, the kidney abnormalities 
resemble those seen in Senior-Loken syndrome, 
another ciliopathic retinal-renal disorder dis-
cussed later in this chapter. 

 Bardet-Biedl syndrome can show a wide spec-
trum of retinal disease expression (Table  27.4 ) 
 [  61  ] . The retinal degeneration in BBS can be 
demonstrated via electroretinography (ERG) 
before morphological changes take place. There 
is progressive photoreceptor damage, leading to 
macular and peripheral retinal atrophy, pigment 
migration, vascular attenuation, and optic nerve 
head atrophy. The photoreceptor damage is 
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 morphologically similar to the degeneration 
observed in patients with Alström syndrome  [  62  ]  
and Leber congenital amaurosis  [  63  ] . It has been 
suggested that photoreceptor cell death might be 
due to an underlying defect in the function of the 
connecting cilium, a structure that links the inner 
segments to the outer segments of photoreceptors 
 [  64  ] . This leads to abnormal dark adaptation 
within the  fi rst decade of life. However, visual 
loss is limited during this  fi rst decade and gener-
ally manifests clinically in the second decade.  

 Morphologically, the posterior pole is charac-
terized by bull’s eye maculopathy. Peripherally, 
morphological signs of retinitis pigmentosa 
develop, with bony spicules appearing in the 
midperiphery. The pathology consists of primary 
degeneration of photoreceptors and secondary 
involvement of the other retinal layers, including 
the RPE, has been suggested. Overlapping oculo-
renal syndromes include Biedmond II syndrome, 
which is identical to BBS syndrome but also has 
an associated iris coloboma, and Alström syn-
drome, which is associated with diabetes mellitus 
and deafness but lacks polydactyly. The ocular 
abnormalities in Alström syndrome manifest ear-
lier in life than they do in BBS. In Alström syn-
drome, retinitis pigmentosa with severe visual 
disability has been reported within the  fi rst year 
of life  [  65  ] . 

 The retinal dystrophy is progressive and shows 
variable severity. To date, 12 BBS genes have 
been identi fi ed, with  BBS1  and  BBS10  being the 
most common  [  64  ] . All patients with the  BBS1  
mutation show some degree of maculopathy, 
whereas those patients carrying  BBS10  mutations 
had more severely reduced VA and smaller visual 

 fi elds than those with  BBS1   [  66  ] . However, it 
seems that all patients with mutations in  BBS1  
have some degree of maculopathy  [  66  ] . Optical 
coherence topography shows a disrupted inner 
and outer photoreceptor segment layer and a 
thinned RPE  [  66  ] .  

   Senior-Loken Syndrome and Related 
Syndromes with Nephronophthisis 

 Nephronophthisis is an autosomal recessive, 
chronic tubulointerstitial nephropathy (− phthi-
sis ; wasting away), and it is the most common 
genetic cause of ESRD in children and adoles-
cents  [  67  ] . It can occur in combination with 
tapetoretinal degeneration, in which case it is 
referred to as Senior-Loken syndrome (SLS), or 
in combination with other systemic abnormali-
ties with or without retinal degeneration. SLS 
accounts for approximately 15% of nephro-
nophthisis cases when a retinopathy and family 
history suggestive of autosomal recessive inher-
itance are seen  [  68  ] . When nephronophthisis is 
associated with tapetoretinal degeneration, 
cone-shaped epiphyses, and cerebellar ataxia, it 
is referred to as Mainzer-Saldino syndrome. 
The Boichis syndrome is the association of 
nephronophthisis with liver  fi brosis, and it may 
occur in combination with deafness, cerebellar 
ataxia, and tapetoretinal degeneration  [  69  ] . 
Nephronophthisis and retinal degeneration have 
also been reported in association with asphyxi-
ating thoracic dystrophy (Jeune syndrome) and 
with mitochondrial cytopathy and features of 
Kearns-Sayre syndrome. 

 Senior-Loken syndrome (SLS) is a rare auto-
somal recessive disorder characterized by the 
combination of familial juvenile nephronophthi-
sis and tapetoretinal degeneration similar to 
Leber amaurosis, with or without mental retarda-
tion. First described in 1961 by Senior et al.  [  70  ]  
and Loken et al.  [  71  ]  as an association of tape-
toretinal degeneration with familial juvenile 
nephronophthisis, this syndrome is occasionally 
referred to as renal-retinal syndrome, juvenile 
nephronophthisis with Leber amaurosis, and 
renal dysplasia and retinal aplasia  [  72  ] . SLS is a 

   Table 27.4    Spectrum of retinal disease expression in 
Bardet-Biedl syndrome (Adapted from  [  63  ] )   

 Severity  Characteristics 

 Mild  Subtle maculopathy with limited 
peripheral retinal dysfunction 

 Moderate  Pan-retinal photoreceptor dysfunction 
(rods > cones) with negative ERG 
waveform 

 Severe  Loss of central function with maintenance 
of abnormal peripheral function  or  
 Small central island of impaired function 
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ciliopathy. In the retina, the outer segments of 
photoreceptor cells, which are in fact specialized 
sensory cilia, are affected. In the kidney, the pri-
mary apical cilia are affected. SLS is caused by a 
genetic defect of the nephronophthisis (NPHP) 
gene. 

 The retinopathy in SLS is variable and may 
be a form of severe infantile onset retinal dys-
trophy  [  73,   74  ] , as a Leber congenital amau-
rosis type of abnormality  [  75  ]  or as what 
appears as a typical retinitis pigmentosa  [  76  ] . 
The retinal degeneration tends to be severe, 
with poor visual acuities on the order of 
20/200–20/400. Fundus abnormalities such as 
peripheral bone spicule formation, arteriolar 
narrowing, and optic disk pallor often appear 
later in the disease process (Fig.  27.7 ). 
Associated ocular  fi ndings include nystagmus, 
poor pupillary re fl exes, retinal mottling, and 
high myopia. The ERG is often extinguished 
early in the disease. Visual  fi eld testing usu-
ally shows severe annular constriction of the 
visual  fi elds  [  77  ] .  

 A recent report of retinal imaging of a patient 
with SLS and poor vision focus emphasized the 
photoreceptors’ cilia appearance in the macula 
 [  78  ] . Fundus auto fl uorescence showed diffuse 
spots of decreased auto fl uorescence in the mid-
periphery and a perifoveal ring of increased 

auto fl uorescence, suggesting a bull’s eye macu-
lopathy. The  inner-outer photoreceptor segment 
junction in the central macula, corresponding to 
the area inside of the ring of increased 
auto fl uorescence, was barely detectable on high-
resolution optical coherence tomography. This 
syndrome highlights the need for all children 
with a retinal dystrophy to have assessments of 
both their renal function and hearing.   

   Other Rare Metabolic Diseases 

   Congenital Disorders of Glycosylation 
(CDG) 

 The congenital disorders of glycosylation (CDG), 
previously known as the carbohydrate-de fi cient 
glycoprotein syndromes, are a group of rare inher-
ited multisystem disorders resulting from genetic 
defects in protein glycosylation. These patients 
present in infancy. Although several genotypes 
exist, of which CDG-Ia has been most frequently 
described, common features of all CDG subtypes 
include moderate to severe neurological impair-
ment, variable dysmorphic features, and variable 
involvement of other organs. Neurological distur-
bances frequently dominate the clinical  picture 
and are characterized by psychomotor retardation, 

  Fig. 27.7    Senior-Loken syndrome: Both the color photo-
graph ( a ) and the early-phase  fl uorescein angiograph show 
an atrophic “bull’s eye” macular lesion ( white arrows ) and 

peripheral retinitis pigmentosa, as evidenced by retinal 
atrophy with bone spicules ( black arrows ). This patient 
had very poor vision and end-stage renal disease       
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hypotony, and ataxia. Patients may thus be very 
dif fi cult to examine ophthalmologically. 

 Besides the central nervous system, the liver, 
kidney, pericardium, subcutis, kidney, and eyes 
can be involved. Ophthalmic  fi ndings involving 
both the anterior and posterior segment of the eye 
are frequent in CDG syndrome. Reported anoma-
lies have included delayed visual maturation, 
strabismus, saccadic eye pursuits, retinal degen-
eration, and electrophysiological abnormalities 
 [  79–  85  ] . In a more recent study, a majority (78%) 
of the patients with CDG-Ia was myopic, and a 
small minority was hypermetropic  [  86  ] . This 
study found the myopia to be progressive, at the 
rate of 0.8 diopters per year. Congenital esotropia 
and delayed visual maturation were consistent 
 fi ndings. Although some children might develop 
good visual acuity, the majority has low vision or 
is legally blind. Pallor of the optic disk is noted in 
about 20%, and electroretinography shows 
reduced rod responses, while cone responses are 
only slightly reduced. In the ocular fundus, atten-
uated retinal vessels may be observed in approxi-
mately half of the patients, indicative in this case 
of tapetoretinal degeneration. 

 It is recommended that patients be seen annu-
ally by an ophthalmologist, refracted regularly, 
and have glasses prescribed if myopia develops. 
Retinal function should also be examined regu-
larly in order to document progression of the 
tapetoretinal degeneration  [  87  ] .  

   Cystinosis 

 Cystinosis is a rare autosomal recessive disorder 
of lysosomal cystine transport characterized by 
intracellular accumulation of cystine, the disul fi de 
of the amino acid cysteine  [  88,   89  ] . The accumula-
tion is caused by a mutation of the CTNS gene, 
leading to defective or absent cystinosin  [  90  ] , the 
membrane protein responsible for transporting 
cystine out of the cellular lysosome  [  91  ] . Crystal 
formation and organ damage ensue. In patients 
with cystinosis, different CTNS mutations produce 
different phenotypes. Although all nucleated cells 
in the body of affected patients carry the genetic 
defect, the kidney and the eye are particularly 

 vulnerable to this pathology and are the  fi rst to 
manifest symptoms. Other organs that can be 
affected are the pancreas, thyroid, brain, and mus-
cle. The subsequent late systemic complications 
include short stature, diabetes mellitus, hypothy-
roidism, cerebral calci fi cations, dysphagia, and 
distal myopathy  [  92,   93  ] . 

 Based on the patient’s age at onset, as well as 
the severity of the symptoms, several phenotypes 
have been described. Classi fi cation is based on 
the presence of kidney dysfunction (nephropathic 
cystinosis) or lack thereof (nonnephropathic cys-
tinosis). Nephropathic cystinosis can be further 
divided into infantile (classic) and intermediate 
(juvenile-onset or adolescent). Nonnephropathic 
cystinosis, previously known as benign or adult-
type cystinosis, is now referred to as ocular cysti-
nosis, although nephropathic cystinosis is also 
characterized by ocular manifestations. 

 Infantile nephropathic cystinosis is both the 
most common and the most severe phenotype of 
cystinosis. These young patients present with 
growth retardation and Fanconi syndrome, a dis-
order of renal tubular function, during the  fi rst 
year of life. Untreated cases progress to end-stage 
renal disease (ESRD) later in the  fi rst decade of 
life  [  89,   94  ] . 

 Corneal crystal deposits are so prominent and 
typical that early diagnosis can frequently be 
made before the manifestation of nephropathy 
 [  95  ] . Diagnosis is con fi rmed via conjunctival, 
bone marrow, or kidney biopsy, or via leukocyte 
cystine assay, in which detection of a 50–100-fold 
increase in the free cystine levels in polymorpho-
nuclear leukocytes is observed. Leukocyte cystine 
assay is particularly useful in suspected children 
under 20 months who have a negative ocular 
examination. The diagnosis can also be made pre-
natally by means of a chorionic villi biopsy. 

 The ocular manifestations are highly charac-
teristic, and their recognition can make a substan-
tial contribution to the timely diagnosis of the 
disease. The most obvious sign is the formation of 
crystals in the cornea, visible on standard  slit-lamp 
biomicroscopy. These crystals appear at approxi-
mately 1 year of age, and they progressively 
increase in density  [  96  ] . They are present through-
out the corneal epithelium and the entire stroma. 
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Patients often present with photophobia. The 
 differential diagnosis should include multiple 
myeloma, which can also present with corneal 
crystals and photophobia, albeit rarely  [  97  ] . 
However, in multiple myeloma, the crystals are 
limited to the epithelium and super fi cial stromal 
layers. Besides cystinosis and multiple myeloma, 
the differential diagnosis includes Bietti crystal-
line corneal and retinal dystrophy, Schnyder crys-
talline corneal dystrophy, Meesmann corneal 
dystrophy, Fabry disease, and reaction to certain 
drugs, such as amiodarone  [  97  ] . Measurement of 
the leukocyte cysteine, as well as the fact that the 
corneal crystals of cystinosis cause intense dis-
comfort, can help distinguish between cystinosis 
and the other disorders. 

 Deposits in cystinosis are also present in other 
ocular structures, such as the conjunctiva, ante-
rior chamber, iris, ciliary body, choroid, fundus, 
and optic nerve  [  98  ] . However, these are less fre-
quent. Whereas corneal crystals are present in 
approximately 90% of patients, fundus abnor-
malities, such as retinal, subretinal, retinal pig-
ment epithelial, and/or choroidal changes, may 
only be visible in about 30–50%  [  99–  101  ] . 
Retinal manifestations can vary. The most com-
mon fundus  fi nding is peripheral RPE hypopig-
mentation with pigmentary stippling or mottling, 
present in approximately 60% and noted as early 
as 6 months  [  102  ] . Also possible is the combina-
tion of peripheral hypopigmentation and macular 
pigmentary changes, or a fundus resembling that 
seen in retinitis pigmentosa, with bone spicules 
and pigment clumps. Rare manifestations are 
severe chorioretinal atrophy, submacular neovas-
cular membranes, and perimacular RPE atrophy 
 [  102  ] . Deep yellow crystals throughout the poste-
rior pole as well as diffuse pigmentary changes 
without crystals have been described. Retinal 
crystals are present in approximately 10%  [  102  ] . 
The fundus appearance has been alternately 
described as “ fi ne scintillating refractile bodies” 
scattered throughout the posterior pole in the 
RPE or choroid  [  103  ]  and as simply yellow crys-
talline choroidal material  [  100  ] . Retinopathy 
without crystal deposition has also been described. 
In this case, it is con fi ned to the RPE, with areas 
of hypertrophy, depigmentation, and atrophy 

 [  104  ] . As patients grow older, the effects of the 
retinal degeneration become more apparent. 
These effects include nyctalopia, color vision 
problems, constricted visual  fi elds, and decreased 
cone and rod function on ERG  [  105  ] . 

 The cause of the retinal degeneration is 
unknown. Histopathological study has revealed 
diffuse RPE cell degeneration associated with the 
presence of intracellular crystals  [  106  ] , which are 
located in the RPE and choroid  [  107–  109  ] . Cellular 
apoptosis might also be responsible  [  89,   110  ] . 

 Systemic treatment of the disease focuses on 
depletion of intracellular cystine using oral 
cysteamine, which improves the export of cystine 
from lysosomes and prevents progression of the 
disease  [  111  ] . However, early initiation of treat-
ment is crucial, as cysteamine treatment may not 
reverse renal pathology  [  112  ] . Dialysis and/or 
renal transplantation is performed in case of 
ESRD, and chronic cystine depletion therapy is 
maintained post-transplantation. 

 Corneal deposits are not affected by oral 
cysteamine therapy, so cysteamine is adminis-
tered topically (0.5% cysteamine eyedrops)  [  113  ] . 
This removes the corneal crystals and improves 
the associated photophobia and recurrent corneal 
erosions  [  114–  116  ] . However, strict compliance 
with 6-hourly dosing is needed for proper cystine 
depletion  [  100  ] . Topical therapy has been shown 
to decrease retinal cystine in fi ltration  [  117  ] . The 
frequency of cystinotic retinopathy has been 
shown to correlate positively with time off 
cysteamine therapy and negatively with time on 
cysteamine therapy  [  118  ] . Oral cysteamine ther-
apy should begin as early as possible and should 
not be stopped even after renal transplantation.  

   Fabry Disease 

 Fabry disease (FD), also known as angiokeratoma 
corporis diffusum or  a -galactosidase de fi ciency, 
is an X-linked, hereditary, lysosomal storage dis-
ease caused by de fi ciency of the enzyme  a -galac-
tosidase A. This enzyme de fi ciency results in the 
systemic accumulation of the glycosphingolipid 
globotriaosylceramide (GL-3) in nearly every 
body tissue. Clinically, the disease is  characterized 
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by progressive renal impairment, chronic pain and 
acroparesthesia, gastrointestinal disturbances, 
cutaneous angiokeratomas (small bluish-black, 
nonblanching telangiectasias), cardiomyopathy, 
and stroke. Diagnosis is con fi rmed by detection of 
decreased levels of  a -galactosidase A in the 
plasma or in PMNs. Without treatment, the dis-
ease is fatal. The possibility of life-saving treat-
ment has heightened the importance of early 
diagnosis so that treatment can be initiated before 
organs become irreversibly damaged. Treatment 
currently consists of intravenous enzyme replace-
ment therapy with recombinant  a -galactosidase A. 

 The ocular manifestations frequently present 
early in the disease process and can be detected 
upon routine ophthalmic exam. They include cor-
nea verticillata (whorl-like radial lines emanating 
from a single vortex and potentially covering the 
entire cornea), conjunctival vessel tortuosity and 
aneurysmal dilation, lens opacities (posterior lens 
cataract), and retinochoroidal vessel abnormali-
ties. The fundus abnormalities include retinal 
vessel tortuosity, irregular venous dilations, vas-
cular sheathing, vascular occlusions, and retinal 
and preretinal bleeding. Characteristically, there 
are also anterior snow fl ake cataracts and, in males 
and carrier females, posterior lens posterior 
spoke-like cataracts. 

 Retinal vascular tortuosity is the most com-
mon retinal  fi nding in FD, found in 77% of males 
and 19% of females, with the earliest reported 
presentation at age 13 in girls and age 11 in boys 
 [  119  ] . The arterioles are most commonly 
involved, although the venous side of the retinal 
circulation is involved in advanced cases. Venules 
assume a corkscrew appearance, and venous 
aneurysmal dilatation occurs. Although the ovu-
lar lesions do not typically affect the vision, both 
arterial and venous occlusions have been 
described  [  120,   121  ] . Delayed  fl ow on FA is com-
mon in both male and female patients  [  117  ] . 
Indeed, FD is in fact a vasculopathy, and the 
diagnosis should be considered when a young 
patient presents with a central retinal artery occlu-
sion  [  120,   122,   123  ] . Rarer  fi ndings include optic 
atrophy  [  123  ] , central retinal vein occlusion  [  121, 
  124  ] , and ischemic optic neuropathy  [  125  ] . 
A large minority of FD patients (44% in one 

study) have an enlarged blind spot on visual  fi eld 
testing (20° horizontally and 25° vertically), 
although neither dyschromatopsia nor an afferent 
papillary defect is present in FD  [  126  ] . 

 Delays in diagnosis of Fabry disease are unfor-
tunately common. Indeed, the average age at 
diagnosis is 29  [  127,   128  ] , and patients frequently 
see several specialists before the correct diagno-
sis is made. Ophthalmologists have the opportu-
nity to make a timely diagnosis, before the disease 
is well advanced.  

   The Zellweger Syndrome Spectrum 
and Other Peroxisomal Diseases 

 Defects in PEX genes impair peroxisome assem-
bly and many metabolic pathways in the peroxi-
some, providing the biochemical and molecular 
bases of the peroxisome biogenesis disorders 
(PBD). The Zellweger syndrome spectrum, which 
represents the major type of PBD, includes three 
phenotypes that were identi fi ed and described 
before the biochemical and molecular bases of 
these disorders had been fully determined. They 
include Zellweger syndrome, the most severe; 
neonatal adrenoleukodystrophy; and infantile 
Refsum disease, the least severe. 

 Previously referred to as cerebrohepatorenal 
syndrome, Zellweger syndrome is an autosomal 
recessive disease whose pathogenesis derives 
from the defective assembly of peroxisomes. It is 
considered the prototypical peroxisomal biogen-
esis disorder, and it is also the most lethal. In 
other peroxisomal disorders, such as X-linked 
adrenoleukodystrophy (described later; not to be 
confused with neonatal adrenoleukodystrophy) 
and primary hyperoxaluria type 1 (described ear-
lier in this chapter), the metabolic abnormality is 
generally limited to a single peroxisomal enzyme. 
However, in Zellweger syndrome, as in the two 
other phenotypes included in the spectrum, all 
peroxisomes are defective. 

 The problem lies in the abnormal  b -oxidation 
of several very-long-chain fatty acids. This leads 
to anomalous lipid metabolism and very low  levels 
of docosahexaenoic acid (DHA), which is consid-
ered to be the most important polyunsaturated fatty 
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acid in the brain and retina. DHA is present in high 
concentrations in the brain synapses  [  129  ]  and rod 
outer segments  [  130  ] , and retinal DHA is essential 
for photoreceptor integrity and function 
 [  131–  133  ] . 

 Zellweger syndrome manifests in the neona-
tal period with a characteristic facies, including 
hypoplastic supraorbital ridges and a low and 
broad nasal bridge, and abnormalities of the kid-
neys, eyes, liver, cartilage, and central nervous 
system (CNS). Severe CNS abnormalities such 
as infantile hypotonia and seizures occur, pre-
sumably the result of neuronal migration defects 
and dysmyelination. Patients with Zellweger 
syndrome usually die within the  fi rst year of life. 
However, Zellweger syndrome is at the severe 
end of a phenotypic spectrum of Zellweger-like 
syndromes that may present later in childhood 
and even in adult life  [  134  ] . The milder variants 
of Zellweger syndrome share the same clinical 
and biochemical picture, although with lesser 
severity. 

 Ophthalmic manifestations of Zellweger syn-
drome comprise both dysgenetic and degenera-
tive components. These include corneal 
opaci fi cation, cataract, glaucoma, pigmentary 
retinopathy, tapetoretinal degeneration, and optic 
atrophy  [  133  ] . Posterior segment abnormalities 
appear to result from a rapidly progressive retinal 
dystrophy with loss of photoreceptors and atro-
phy of the RPE. This leads to retinal vessel nar-
rowing, macular abnormalities, and retinitis 
pigmentosa. Ganglion cell loss and optic nerve 
atrophy or hypoplasia can occur, as can graying 
of the optic nerve head and retinal depigmenta-
tion  [  135  ] . The ERG is  fl at and the evoked poten-
tials are asymmetric. In the milder forms of the 
disease, optic nerve atrophy, retinitis pigmentosa, 
and a  fl at ERG have been described  [  136  ] . 

 Treatment of the disorder consists of DHA 
ethyl ester supplementation, which is intended to 
correct the DHA de fi ciency in the brain and ret-
ina  [  137  ] . This treatment must be initiated as 
early as possible. Prenatal diagnosis is possible, 
and carriers can be identi fi ed by the characteristic 
curvilinear cortical lens opacities, which are 
 visible with maximal pupillary dilation  [  138  ] .  

   Peroxisomal Diseases: X-Linked 
Adrenoleukodystrophy 

 X-linked adrenoleukodystrophy is the most com-
mon peroxisomal disorder. The classic clinical 
picture is one of a male of approximately 10 years 
old who presents with hyperactive behavior, 
 psychomotor abnormalities, and vision loss. 
Very-long-chain fatty acids are increased in the 
serum, leading to demyelination due to the 
 lipotoxicity-induced neuroin fl ammation. Optic 
nerve atrophy and a normal retina are seen. Visual 
loss is due to cortical blindness and may be the 
presenting or predominant feature of the disease. 
Treatment consists of corticosteroids and dietary 
fatty acid restriction.  

   Peroxisomal Diseases: Refsum Disease 

 In classical Refsum disease (heredopathia atac-
tica polyneuritiformis; not to be confused with 
infantile Refsum disease), the metabolism of 
phytanic acid is disturbed. This leads to chronic 
polyneuropathy, cerebellar ataxia, and cardiomy-
opathy. Ophthalmic abnormalities include cata-
ract, retinitis pigmentosa, and optic nerve atrophy. 
Loss of visual acuity, as well as loss of visual 
 fi eld due to retinitis pigmentosa, usually precedes 
the biochemical diagnosis by several years  [  139  ] . 
A phytol-free diet can limit or even prevent the 
neurological damage in case of early diagnosis 
and initiation of diet.   

   Neoplastic Diseases with Kidney 
and Ocular Involvement 

   von Hippel-Lindau Disease 

 von Hippel-Lindau disease (VHL) is a rare, 
familial, autosomal dominant cancer predisposi-
tion syndrome caused by germline mutations in 
the VHL gene. The loss of function of the 
 corresponding tumor suppressor protein results 
in the development of highly vascular tumors, 
both benign and malignant. The disease is 
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 characterized by multisystemic tumors. These 
include renal cell carcinoma, retinal and central 
nervous system hemangioblastomas, pancreatic 
neuroendocrine tumors, neuroendocrine tumors 
of the adrenal glands, and tumors in the liver and 
on the broad ligament. Although the penetrance 
of the disease as a whole is near complete  [  140  ] , 
the risk of each particular tumor depends on the 
patient’s age and the type of tumor. The cumula-
tive risk of developing retinal capillary heman-
gioma (RCH), cerebellar hemangioblastoma, and 
renal cell carcinoma is 44%, 38%, and 5%, 
respectively, at 30 years and 84%, 70%, and 69% 
at 60 years  [  141  ] . Patients thus most typically 
present  fi rst with an RCH, which can be both 
bilateral and multifocal  [  142–  144  ] . Although the 
RCH is not present in every patient with VHL, it 
is among the core diagnostic criteria of the 
 disease  [  145  ] . 

 The RCHs are found either peripherally or in 
the juxtapapillary retina. On funduscopy, the reti-
nal lesion is yellow-orange and is well circum-
scribed, with a dilated feeder artery and a tortuous 
draining vein (Fig.  27.8 ). In some cases, a vascu-
lar proliferation consisting of  fi ne, super fi cial, 
juxtapapillary vessels is noted  [  146  ] . These can 
be associated with  fi brovascular proliferation and 
epiretinal membrane formation. The RCH may 
remain asymptomatic for years, and spontaneous 
regression is possible. However, progressive 

visual impairment is the rule, and patients will 
frequently present with decreased visual acuity 
due to exudation or tractional effects on the adja-
cent retina  [  147  ] . Hemorrhage and secondary 
retinal detachment can also occur  [  148  ] . Visual 
prognosis is markedly improved by early detec-
tion and treatment, which typically involves the 
destruction of the tumor by laser photocoagula-
tion, cryotherapy, photodynamic therapy, and 
radiation, or, rarely, surgical excision  [  149,   150  ] . 
Treatment is only effective in early stages, before 
the RCH has become too large or has caused 
 secondary complications.  

 Discovery of an RCH should prompt a sys-
temic evaluation and search for associated VHL 
manifestations. These tumors may occur years 
after the diagnosis of the RCH. It is thus impera-
tive that these patients be followed regularly, with 
thorough assessment of those organ systems typi-
cally involved in VHL (kidney, adrenals, CNS). 
Lifelong ophthalmologic follow-up is recom-
mended. Because of the disease’s autosomal 
dominant inheritance, family members should 
also be screened. This should include neurologi-
cal, medical, and ophthalmologic screening as 
well as computed tomography (CT) scan of the 
abdomen, brain, and upper cervical spinal cord; 
ultrasound of the kidneys, liver, and pancreas; 
and measurement of the catecholamine levels via 
serologic or urinary samples.  

  Fig. 27.8    Retinal capillary hemangioblastomas in von 
Hippel-Lindau disease. Tortuous, dilated feeder vessels 
( arrows ) traverse from the posterior pole ( a ) via the midpe-
riphery ( b ) to the hemangioblastomas, which are located in 
the peripheral retina ( c ). In this case, there is one large heman-
gioblastoma ( white asterisk ) and several smaller ones ( black 
arrows ). Lipoid exudates ( white arrowhead ) inferior to the 

macula and  fi brosis ( black asterisk ) are also visible. The reti-
nal capillary hemangioblastomas may remain asymptomatic 
for years, and spontaneous regression is possible. However, 
progressive visual impairment is the rule, and patients fre-
quently present with decreased visual acuity due to exudation 
or tractional effects on the adjacent retina. Hemorrhage and 
secondary retinal detachment can also occur       
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   Light Chain Deposition Disease 

 Various lymphoplasmacytic disorders such as 
lymphoma, multiple myeloma, and Waldenström’s 
macroglobulinemia are associated with the over-
production and systemic extracellular deposition 
of monoclonal immunoglobulin light chains. 
These light chains can deposit in tissues and 
cause two separate conditions: AL amyloidosis 
and light chain deposition disease (LCDD). The 
condition depends on the conformation of the 
light chain (LC) deposits. Whereas AL amyloid 
results from the conversion of monoclonal light 
chains into twisted  b -pleated sheets, in (LCDD), 
the light chains fail to assume a  b -pleated sheet 
con fi guration. Under electron microscopy, AL 
amyloid has a  fi brillar appearance, while LCDD 
deposits are granular. 

 The clinical manifestations of LCDD depend 
on which tissues are involved in the LC deposi-
tion and the consequent organ dysfunction. 
Because the LCs are  fi ltered by glomeruli, reab-
sorbed by the proximal tubules, and degraded in 
tubular cells, the kidney is an obvious target for 
LC deposition and the ensuing damage. Kidney 
disease manifests in the form of renal insuf fi ciency 
in nearly all patients, and it rapidly proceeds to 
uremia despite early and aggressive treatment 
 [  151  ] . Transplantation is frequently required, and 
patient survival was poor until recently  [  152  ] . 
Diagnosis of the underlying lymphoproliferative 

disease is usually made  fi rst; LCDD is diagnosed 
via renal biopsy, which shows the classic picture 
of nodular sclerosing glomerulopathy in approxi-
mately 50% of cases  [  153  ] . 

 Ocular pathology in LCDD is caused by the 
deposition of LCs in the uvea, including the cili-
ary body, pars plana, and choroid. The iris seems 
to be spared. Ocular involvement was  fi rst 
reported in 1995 in a postmortem oculopatho-
logic case report that demonstrated dense depos-
its in the choroid and in Bruch’s membrane  [  154  ] . 
The deposits form a PAS-positive layer beneath 
the RPE, closely resembling those of Kimmelstiel-
Wilson disease in the kidney. In vivo visual 
impairment and fundus changes have been 
reported in a case series  [  155  ] . Patients with long-
standing LCDD can present with night blindness, 
poor dark adaptation, metamorphopsia, and/or 
decreased visual acuity. Fundus examination 
reveals serous and serohemorrhagic retinal pig-
ment epithelium (RPE) detachments, multiple 
tears, and diffuse degeneration of the RPE, as 
well as progressive  fi brotic changes (Fig.  27.9 ).  

 Neither choroidal neovascularization nor other 
choroidal or retinal vascular abnormalities are 
present. ICGA shows normal retinal and choroidal 
perfusion and no choroidal neovascularization. 
An unusually dark choroid is observed under the 
areas of massive RPE detachment. The elec-
troretinogram of these long-standing cases of 
LCDD is severely affected or almost entirely 

  Fig. 27.9    Light chain deposition disease: A patient pre-
sented with a several-year history of poor vision in the left eye 
and recent loss of vision in the right eye. Color fundus pho-
tography of the right eye ( a ) showed a recent tear ( arrow ) and 

an older tear ( arrowhead ) of the retinal pigment epithelium as 
well as extensive hemorrhages ( asterisks ) in the right eye. 
Extensive  fi brosis and progressive devastation of the posterior 
pole were observed at 13 months after initial presentation ( b )       
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 fl at. Auto fl uorescence showed numerous large, 
very dark atrophic areas and diffuse RPE 
abnormalities. 

 It has been proposed that the progressive LC 
deposition in choroid and Bruch’s membrane 
leads to dysfunction of the RPE pump function, 
causing a  fl ow disturbance between choroid and 
retina and subsequent RPE detachments and tears 
and progressive retinal malfunction  [  156  ] . Visual 
function slowly deteriorates in cases with long 
follow-up, combining reduction of the visual  fi eld 
and loss of visual acuity. We assume that the long-
term visual prognosis of all patients with LCDD 
is guarded, taking into account that renal function 
replacement and pharmacological treatment have 
considerably prolonged life in these patients.   

   Controversies and Perspectives 

 In 1836, Bright described amaurosis in end-stage 
renal disease. After the introduction of the oph-
thalmoscope by von Helmholtz in 1951, Liebreich 
reported in 1859 albuminuric retinitis or Bright’s 
disease. In 1860, von Graefe and Schweigger 
suggested that ocular lesions could be caused by 
generalized disorders of the vascular system and 
that in these conditions the kidneys could be 
affected as well. In 1914, Volhard and Fahr attrib-
uted the retinopathy in patients with nephritis to 
arterial hypertension. Later reports stressed that 
renal failure can induce arterial hypertension. 
Today, arterial hypertension is still a very com-
mon and important cause of morbidity and mor-
tality. Severe hypertensive retinopathy is at 
present rare, but hypertension-induced sclerosis 
is a major cause of retinal vascular accidents and 
macular edema with visual loss. The other major 
cause of ocular and kidney disease of modern 
times is diabetic microangiopathy, with retinopa-
thy and nephropathy requiring optimal lifelong 
treatment to avoid high morbidity and mortality. 
In other systemic diseases, such as thrombotic 
thrombocytopenic purpura, dense deposit disease, 
and light chain deposition disease, the high vul-
nerability of the retina and kidney is evident. 

 Developmental anomalies of kidneys and 
eyes were previously described as papillorenal 

syndrome, and familiar occurrence was recog-
nized, with an autosomal dominant pattern of 
inheritance. At present, genetic testing is avail-
able to screen for an underlying PAX 2 
mutation. 

 Intense genetic and biochemical research has 
resulted in the identi fi cation of a wide spectrum 
of multisystem diseases with a speci fi c meta-
bolic or structural defect. Some of these diseases 
predominantly affect kidneys and eyes. For 
example, Alport syndrome is a hereditary disor-
der caused by mutations in the biosynthesis of 
type IV  collagen. This collagen subtype is a cru-
cial structural component of the basement mem-
brane in the glomerulus, retina, lens capsule, and 
cochlea. A second example is the cancer predis-
position syndrome von Hippel-Lindau disease, 
which confers a strong predisposition for renal 
cancer and for neurological and ocular problems 
caused by angiomas. In suspected persons and 
family members of patients with von Hippel-
Lindau disease, genetic testing is highly recom-
mended, as carriers of the disease have to be 
examined on a regular basis and treatment must 
be considered. 

 In conclusion, oculorenal syndromes repre-
sent a heterogeneous group of malformations and 
systemic diseases with particular and unusual 
ocular and renal features. Historically, these syn-
dromes were classi fi ed according to their 
Mendelian pattern of inheritance or according to 
related diseases without Mendelian inheritance. 
In this chapter, we classi fi ed the diseases based 
on the actual understanding of the disorders.  

   Focal Points 

    The kidney and eye are closely linked in • 
many diseases, both common and rare. 
Developmental problems of kidney and eyes 
can share a common genetic underground. An 
example is the PAX2 mutation, inherited as 
an autosomal dominant disease with extremely 
variable expression. Patients can present with 
a blind, microphthalmic eye and end-stage 
renal disease requiring renal function replace-
ment, while family members with the same 
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genetic defect may have minor changes such 
as an optic pit or a small kidney without func-
tional abnormalities.  
  Patients with the cancer predisposition syn-• 
drome von Hippel-Lindau are at risk for renal 
cancer and for development of angiomas with 
neurological and ocular complications. 
Genetic screening is recommended for sus-
pected persons and for direct family members 
of patients with von Hippel-Lindau.  
  Metabolic defects can induce renal and ocular • 
changes and malfunction, and in some of these 
diseases, an underlying genetic defect has 
been identi fi ed. An example is cystinosis, a 
rare autosomal recessive disorder caused by 
the mutation of the CTNS gene, leading to 
defective transport of cystine out of the cellu-
lar lysosome. The kidney and the cornea are 
particularly vulnerable to the ensuing crystal 
formation. Renal insuf fi ciency, photophobia, 
and poor vision are frequent complications.  
  The most common metabolic disease affecting • 
eye and kidney is diabetes mellitus, in which 
patients develop microvascular changes in the 
retinal and capillary beds leading to microal-
buminuria and renal failure and to macular 
edema and proliferative diabetic retinopathy.  
  Alport syndrome is an example of a structural • 
defect responsible for combined renal and 
ocular disease. The disorder is caused by 
mutations in the biosynthesis genes of type IV 
collagen, a crucial component of the basement 
membrane in the glomerulus, retina, lens cap-
sule, and cochlea. Affected patients suffer 
from renal failure, deafness, and ocular 
changes with maculopathy, lenticonus, and 
fragile cornea.  
  The ciliopathies are a group of recently • 
identi fi ed disease entities with cilial malfunc-
tion. Cilia are common organelles present on 
nearly every cell in the human body and 
important in embryogenesis (nodal cilia), 
 fl uid and cell movement (motile cilia), and 
visual and renal function (primary cilia). In 
the retina, the primary, or sensory, cilium of 
photoreceptors mediates polarizing traf fi cking 
of proteins for ef fi cient phototransduction. 
Genetic defects in these cilia lead to retinal 

dysfunction. Retinal and renal dysfunction is 
observed across a range of ciliopathies. An 
example is Senior-Loken syndrome. In the 
kidney, the primary apical cilia are affected, 
and in the retina, the outer segments of photo-
receptor cells are affected, which are special-
ized sensory cilia. Manifestations of disease 
are nephronophthisis with renal dysfunction 
and retinal dystrophy.  
  Arterial hypertension can occur in acute renal • 
conditions and is a frequent complication in 
long-term renal conditions. The repercussions 
in the ocular fundus are well known. Due to 
improved treatment of arterial hypertension 
and kidney disease, severe hypertensive retin-
opathy is now less frequently observed than in 
the past. However, long-standing arterial 
hypertension, together with aging, leads to 
sclerotic vasculature and to ocular and nonoc-
ular vascular accidents, which are very com-
mon problems today.  
  Systemic diseases associated with microan-• 
giopathy, vasculitis, or diffuse intravascular 
coagulation can cause both renal and ocular 
vascular lesions. In lupus erythematosus, sar-
coidosis, periarteritis nodosa, Wegener’s dis-
ease, thrombotic thrombocytopenic purpura, 
and hemolytic uremic syndrome, the clinical 
picture is often dominated by renal insuf fi ciency 
and a marked decrease in visual acuity.  
  Dysregulation of the alternative complement • 
pathway is present in dense deposit disease, 
combining membranoproliferative glomerulo-
nephritis type 2, partial lipodystrophy, and 
AMD-like fundus changes.         
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