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sensitivity testing is 10 demonstrate or corroborate visual disability rather than 1o diag-
nose disease.

Contrast sensitivity testing is discussed further in BCSC Section 3, Climical Optics,
and in Section 3. Newro-Ophthalmology.

Orwdey C. Contrast sensitivity. Ophithalmol Clin North Am. 2003:16:171-177,
Rubsa GS. Visual acesty and comtrast sensitivity. Inc Ryan 5], Himton DR, Schachas AP, Wilkinson
CP. exlis. Retina. 4th ed. Philadelphia: Elsevier/Mosby; 2006:227-233,
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CHAPTER 4

Acquired Diseases Affecting
the Macula

This chapter reviews a variety of common, acquired conditions affecting the macula, in-
cluding central serous chorioretinopathy, age-related macular degeneration and other
discases commonly associated with choroidal neovascularization, and retinal interface
disorders (epiretinal membranes, macular cysts, and macular holes). Acquired maculopa-
thies related 10 systemic or ocular medications are discussed in Chapters 5 and 10.

Central Serous Chorioretinopathy

Central serous chorioretinopathy (CSC), also called central serous retinopathy (CSR) or cho-
roidopatiry, is an idiopathic condition characterized by the development of a well-circum-
scribed, serous detachment of the sensory retina {neuroepithelium) resulting from altered
barrier and deficient pumping functions at the level of the retinal pigment epithelium
(RPE), although the primary pathology may involve the choriocapillaris. Some cases may
also show serous detachments of the RPE. usually under the superior half of the serous
retinal detachment. Often, small, whitish subretinal precipitates or gray-white subretinal
sheets may be noted, probably indicating the presence of fibrin. In many patients, evi-
dence of previous episodes is indicated by extramacular RPE atrophic areas.

CSC occurs primarily in healthy men between 25 and 55 years of age. Most patients
are asymptomatic unless the central macula is affected. CSC is common in Caucasians,
Asians, and Hispanics, and rare in African Americans. Symptomatic patients describe the
sudden onset of blurred and dim vision, micropsia (objects appear smaller than they are},
metamorphopsia {objects appear distoried). paracentral scotomata, or decreased color vi-
sion. In general, vision ranges from 20/20 to 20/200, but in moest patients vision is better
than 20/30. The decreased vision can often be corrected with a hyperopic correction. In
rare cases, these symptoms are accompanied by a migraine-like headache. Certain person-
ality types, including type A personality, hypochondria, hysteria, conversional neurosis,
and psychiatric medication use have been associated with CSC, although no proven asso-
ciation with any personality has been made. Patients with elevated levels of corticosteroids
due to either corticosteroid administration (inhaled, topical, or systemic) or Cushing syn
drome are at an increased risk of developing CSC. Finally, stress has also been implicated
as an etiologic factor, bist no conclusive proof has been presented.

55

Regeneron Ex. 2019
Fresenius v. Regeneron
IPR2025-01269

Page 10 of 73



Fluorescein Angiography of CSC

eSCCn s are seen in OS50

N presentation The dot repre-
1 the RPE
as the

ApFpears

YEram

detachm

isile dots mav be g

ol Cases.

dependent, serou

e OF W

wsterior pole. T

WM Pr-

rin leakage, often withe

¢ point. Pa

as of serous detach sive RPI

have large

COMSIGETE 1M T

e d diagnosis «

Tous ret went. Indolent cases also occur, in which fluid
from the cho causes areas of abnormal RPE to exp

NIy reasor

> accumula

O Cr
RPE/choroid

v disease 15 probabily

invasive method to use for dia

CSHC, Subtle

iseases Affecting the Macula = §

W (i -
a PNOOFET

Regeneron Ex. 2019
Fresenius v. Regeneron
IPR2025-01269

Page 11 of 73



58 » Retina and Vitreous

washout pattern is often evident that remains unchanged during clinically inactive phases.
1CG can be useful in helping to distinguish atypical diffuse CSC in older patients from oc-
cull choroidal neovascularization (CNV) in exudutive age-related macular degeneration
and idivpathic polypoidal choroidal vasculopathy.

Differential Diagnosis

The presence of subretinal fluid in older patients with CSC requires the physician to-alse con-
sicler a diagnosis of CNV associated with age-related macular degeneration, optic nerve pits,
idiapathic potypoidal choroidal vasculopathy, and idiopathic uveal effusion syndrome {(IUES).
Features that help to differentiate CSC from these ather entities mclude the following:

« A pinpoint leak relative to a large area of subretinal fluid most likely represents
CSC, whereas the area of subretinal fluid associated with CNV and idiopathic
polypoidal choroidal vasculopathy usually corresponds closely to the area of leakage
on angiography. The leakage in TUES is usually diffuse.

+ Optic nerve pits are often visible on the nerve and are contiguous with the schisis
cavity and/or subretinal fluid accumulation. No pinpoint leakage is seen,

+ Multifocal RPE abnormalities, including small serous pigment epithelial detach-
ments {PED] in 1 or both eyes, more likely represent CSC, whereas the presence of
large drusen more likely represents age-related macular degeneration.

+ The yellow-white exudates of Vogt-Koyanagi-Harada syndrome can appear similar
1o C5C; however, the granulomatous uveitis seen in the former helps differentiate
the diseases.

+ Saccular outpouchings are characteristic of idiopathic polypoidal chorgidal vascu-
lopathy; these can be differentiated from the multifocal hyperfluorescent patches of
CSC through 1CG angiography,

+ In elderly patients, lymphoma can appear similar to CSC, bur lvmphoma is usually
multifocal and bilateral
+ Absence of blood or significant lipid is more likely (o represent CSC, whereas the

presence of these signs is more likely to represent CNV or idiopathic polvpoidal
choraidal vasculopathy.

Older patients presenting with CNV occasionally may show evidence suggestive of previ-
ous CSC

Matural Course and Management

The visual prognosis of CSC s usually good except in chronic, recurrent cases and in cases
of bullous CSC. Most eyes with CSC (80%-90%) undergo spontaneous resorption of sub-
retinal fluid within 3-4 months; recovery of visual acuity usually follows, but can take up
to a year. Mild metamorphopsia, faint scotomata, abnormalities in contrast sensitivity, and
mild color vision deficits frequently persist. Some eyes suffer permanently diminished
visual aculity, and many (40%-50%) experience one or more recurrences. A small subset
of patients have poor visual outcomes.

Laser photocoagulation at the site of flurescein leakage can induce rapid remission;
resorption of subretinal fluid may occur within several weeks of photocoagulation ther-
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apy. A randomized, controlled clinical study by Watzke and colleagues in 1974 of ruby
laser photacoagulation in eyes with active CSC showed a significantly more rapid resorp-
tion of subretinal fluid in treated eyes (5-week median duration from laser treatment to
remission) than in untreated eyes (23-week median duration from exsamination to spon-
taneous remission). However, this study did not find that the final Snellen visual acuity
was any better in the treated eyes despite the shorter duration of the disease; nor was there
any evidence that treatment altered the recurrence rate. Because no patients in this stucy
were treated earlier than 8 weeks following the onset of symptoms, it is uncertain whether
earlier treatment would have improved the visual prognosis. Furthermore, the number
of patients evaluated was oo small to raule out 2 small or moderate difference between
treated and untreated eves: follow-up was limited: and standardized protocol refractions
and visual acuity festing were not performed.

When the leakage site is too close to the center of the fovea for laser photocoagulation,
another experimental option for CSC is the use of verteporfin (Visudyne; Novartis, Basel,
Switzerland) ocular photodynamic therapy (PDT). Using anywhere from standard treat-
ment parameters (standard fuence (s 600 mW/cnr') o reduced fluence (300 mW/cm?),
POT has led to resolution of the fluid leakage and improved vision in small, retrospective
published sertes. However, PDT is still experimental and further studies are required 1o
determine its benefit m this setting.

Until the value of early photocoagulation and PDT has been tested further, carrent
treatment guidelines suggest that patients may be observed for at least 3-4 months (aver-
age time for spontancous recovery) in most first episodes of unilateral CSC. Laser photo-
coagulation may be considered in the following instances:

« The serons detachment persists beyond 34 months.

» The disease recurs in eves with visual deficits from previous episodes.

« A permanent visual deficit is present from previous episodes in the fellow eye:

» Chronic signs develop. such as cvstic changes in the neurosensory retina or wide-

spread RPE abnormalities.

« Decupational or other patient needs require prompt restoration of vision or
SIETEOpSIS.

If laser photocoagulation is performed, follow-up within 3-4 weeks may help detect
the rare comiplication of postlaser CNV. However. even without laser treatment. patients
with typical CSC may, rarely. develop CNV.

Loo RH, Scon 1L, Flynn HW, et al. Factors associated with reduced visual scuity during
long-term follow-gp of patients with idiopathic cemral serous chorvioretinopathy. Rerina,
2002:32:19-24.

Ober M, Yanmuzz LA, Do DV, etal. Photodynamic therapy for focal retinal pigment epithelial
leaks secondary to central servis chorinretinepathy. Oplithalmology. 200511 2088 2094

Optic Pit Maculopathy O

Optic pits are small, bypopigmented, yellow or whitish. oval or round excavated defects,
most often found within the inferior temporal partion of the optic cup {Fig 4-2). Most are
unilateral and asymptomatic; however, optic pits may lead to serous macular detachments
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Eye Disease Research Prevalence Group reported that, in the US population. the overall
prevalence of drusen 125 pm or larger in | eye is 6.12% and the prevalence of late AMD is
1.47%. with the majority of these patients having CNV (1.02%). Similar 1o the findings of
the Framingham Eye Study. the group found that patients over 80 years old had a 6-fold
higher prevalence than patients aged 60-64 years. Unfortunately. the impact of AMID will
continue to increase as the population ages. Tt is estimated that the number of patients
with AMD will increase by 60% by the year 2020.

Other risk Factors for AMD include positive family history, cigaretie smoking; hy-
peropia. light iris color. hypertension, hypercholesterolemia, female gender, and cardio-

vascular disease.

Genetics and AMD

The etiology of AMD remains poorly understood despite the disease’s prevalence, How:
ever, recent gemetic association studies have revealed allelic variants of genes encoding the
alternate complement pathway, particularly CFH (complement factor H). Mutations at
chromosome 1g31, HTRAI (a serine protease) at 10426 (Tyr402His), and a hypothetical
gene called LOC387715 (Ala69Ser) at [0g significantly increase a patient’s risk of AMD,
The presence of Tyr402His increases the risk of AMD about 5-fold, and Ala695er about
7-fold. Together. these I genes may explain 75% of the genetic risk of AMD. Another as-
soctated locus is mutations at the complement factor Blcomplement component 2 Jocus
in the major histocompatibility complex (MHC] class 111 region on 6p21. Although these
predisposing loci have been clearly validated in Caucasian populations, they do not seem
to infer the same risk in other rucial groups.

Functional studies of these genes offer insights into the pathogenesis of AMD and
provide possible targets for therapeutic intervention. Ongoing whole-genome association
studies may reveal further susceptibility genes associated with AMD. These and, undoubt-
edly, other genetic discoveries will give clinicians the ability to test for a patient’s risk for
AMD, allowing for better prevention and/or treatment of this blinding disease.

Nanneavascular Abnormalities in AMD

The hallmark of the nonneovascular (nonexudative) form of AMD is drusen; other
indicators are abnormalities of the RPE, including geographic atrophy and areas of
hyperpigmentation.

Drusen

Clinically, drusen are small, round, vellow lesions located at the level of the RPE within the
macula (Fig 4-4). Histologically, this material corresponds to the abnormal thickening of
the inner aspect of Bruch's membrane shown in Figure 4-3. Ultrastructurally, the material
includes basal kaminar deposits (granular lipid-rich material and widely spaced collagen
fibers) and basal linear deposits (phospholipid vesicles and electron-dense granules within
the inner aspect of Bruchs membrane). Both are illustrated in Figure 4-3,

The thickened inner aspect of Bruchs membrane, along with the RPE, may separate
from the rest of Bruchs membrane, resulting in a PED. When small, such a detachment
may be identified &5 2 lirge druse. When the detachment covers a relatively large ares, it
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Figure 4-4 Soft, confleent diusen m ARMD

may be recognized as a detachment of the RPE. Whether small or large, these areas of de-
tachment may fill rapidly with fluorescein as the dve leaks out of the choriocapillaris and
pools within the area of detached RPE

Because drusen seldom affect the photoreceptors overlying the aréa of abnormal ma-
terial. they tvpically do not cause symptoms. However. some paticiits may have some mini-
mal photoreceptor loss, causing a reduction in vision or difficulties with dark adaptation.

When fundus photographs are obtained of entire populations over the age of 30, it is com-
mon o see tiny vellow deposits—drsen—at the level of the outer retina. Because many off
these patients will not actually progress t visual loss from subsequent atrophy or CNV, various
dassifications have been developed in an atterapt 1o distinguish the vellow deposits that will
likely lead 1o atrophy or CNV from those that will not. Dresen have been categorized as

o semall {usually <64 pm in diameter)
o intermediate {usually 64-124 pm in diameter)
s large {usually 2125 pm in diameter)

Sevall drusen are well-defined focal areas of lipidization in the RPE or accumulations of
hyaline material in Bruchs membrane. In the Age-Related Eve Disease Study (AREDS),
the risk of progression to advanced AMD over a 5-year period for patients with early
AMD (many small drusen or few intermediate drusen) was | 3%. In contrast, the risk in
patients with many intermediate or larger drusen was 18%. Patients in the latter group are
also more likely to develop RPE abnormalities and geographic atrophy or CNV compared
to patients with a few small or medium drusen.
In addition, the boundaries of drusen have been described as

« fard (discrete and well demarcated)
» saft (amorphous and poerly demarcated: see Fig 4-4)
« confluent (contiguous boundaries between drusen)

Soff drusen are associated with the presence of ditfuse thickening of the inner aspects of
Bruch’s membrane: An eye with soft, and perhaps conjluent, drusen is more likely to pro
gress to atrophy or CNY than an eye with enly hard drusen

On FA, drusen will stain in late views, or fluorescein may pool in areas of diffuse
thickening.
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Abnormalities of the RFE

Several patterns of RPE abnormalities characterize nonneovascular AMD:
« gengraphic atrophy
« nongeographic .|tr|11$h1lr
« focal hyperpigmentation

Characteristic abnormalities Spontaneous flattening of RPE detachments or regression of
soft, confluent drusen may lead to attenuation or atrophy of RPE cells. When the area
it which the RPE is either absent or attenuated is contiguous, the condition is known as
geographic atrophy of the RPE. In areas of geographic atrophy, the underlying chosoidal
vessels are more readily visible and the overlying outer retina may appear thin (Fig 4-5).
Often. the underlying choriocapillaris will be attenuated or atrophied as well. These areas
of atrophy can coalesce and enlarge; often nnging the fovea. On FA, geographic atrophy
shows a characteristic window defect. If the atrophy does not cover a contiguous area. it
may appear as a moltled area of depigmentation called nongeographic atrophy, or RPE
degeneration.

Photareceptors cannot be seen by biomicroscopy, but they are usually attenuated or
absent in areas overlying atrophied RPE. Consequently, RPE atrophy in AMD may be as-
suociated with visual loss, depending on the extent of the atrophy and its location relative to
the foveal cemter. .-\llhuugh nol eyervane with drusen will d::\-q:hnp .llmph}'. the incidence
l.ll-atruphr appears 10 increase with age. Moreover, eves with gc:rgr.a{-h:c -.|.tm1'||'|y are at risk
of visual loss with J:]Lidl];cn'n.'n.l of the .I"Iiphh. areas and Progressive foveal involvement,
The incidence of legal blindness due to central gevgraphic atrophy is 12%-20%.

Increased pigmentation at the level of the outer retina leads to focal fiyperpigmenta
tion of the RPE. On FA, thise areas often show blockage. The incidence of focal hyperpig-
mentation increases with age, and patients with focal clumps of hyperpigmentation are at
an increased risk of progressing to the more advanced forms of AMD,

Other abnermalities As atrophy develops, other abnormalities of the RPE may become
recognizable. For example, the material that makes up the drusen may begin to disappear,
a condition sometimes referred to as regressed drusen In addition. dystrophic calcifica
tion may occur, resulting in pinpoint glistening within the atrophy or remaining drusen

Figure &5 A v
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material, sometimes called calcified drusem. Furthermore, pigment or pigment-laden cells
{either RPE cells or macrophages that have ingested the pigment) may migrate to the pho
toreceptor level, resulting in focal clumps or a reticulated pattern of hyperpigmentation

Hugrescein angiogram parterns of AMD
The fluorescein patterns of AMD are varicd and can be categorized into hyper- and hypo-
fluorescent lesions

Hyperfluorescent lesions

+ hard and soft drusen

« RPE atrophy

+ RPE tear

+ CNV (discussed further later in the chapter)
« serons PED

« subretinal fibrosis

o laser scary

H\ 'p 'ﬁ"mrh‘.ﬂu'n.' i‘l.'fii"l.\'.
« hemorrhage at any level

» lipd
» pigment proliferation

Bressber 58, Do TV, Bressler NM. Agu-related macular degemerntion: drusen and geographic
atrophy: [n: Albert DM, Miller PW, Azar DT, Blodi BA eds. Albert & kakolvecs Principles and
Prective of Opltbahmalogy, 30d od Philadelphix Saunders: 2008:chap 144,

Differential diagnosis far nonneovascular AMD

A variety of conditions may have abnormalities of the RPE thar mimic the nonneovas-
cular changes in AMD. CSC (discussed earlier) may cause RPE changes similar to those
in AMID; the diagnosis may not be ditficult in individuals under 50 years of age. In indi

viduals over 50 years of age, the absence of drusen, mottled RPE atrophy, and/or multiple
small serous detachments of the RPE may help differentiate CSC from nonneovaseular
changes in AMI). Pattern dystrophy of the RPE may include one or more areas of focal
pinpoint or reticular hyperpigmentation surrounded by a yellowish abnormality (vitel-
liform detachment) of the outer retina. Fluorescein angiography depicts early blocked
flunrescence with a surrounding zone of hyperfluorescence. Late staining of the yellow
material may occur and helps distinguish these cases of pattern dystrophy from AMIL
These features may occur in individuals younger than those who would normally be sus

pected of having AMD. Alternatively, these changes may be seen in older individuals who
have developed the more typical drusen and abnormalities of the RPE seen m AMD. Basal
farminar, or cuticular, drusen, @ clinical syndrome thar may be seen in patients in their
30 o 408, consist of innumerable and homogeneous round small or large drusen, more
apparent an angiography (“starry-night” appearance) than on biomicroscopy. often with
a vitelliform accumulation of yellow material in the central macula. The retinal signs of
dirug toxicity, such as the mottled hypopigmentation that may develop in chloroquine
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toxicity, may resemble nongeographic atrophy (RPE degencration). a history of specific
drug ingestion and Tack of large drusen may help to differentiate these abnormalities from
AMD (see Chapter 10).

Management of noaneavascular form of AMD

Education and follow-up Eyes with soft drusen and RPE hyperpigmentation are at in-
creased risk of developing geographic atrophy and CNV. Patients with drusen or abnor-
malities of the RPE in 1 or both eyes should be taught how 1o recognize symptoms of
advanced AMD and instructed 10 contact an ophthalmologist promptly if such symploms
are noted, Office staff should be ¢ducated to respond promptly to these new symptoms. If
visual loss is found to be caused by geographic atrophy in both eves, a low vision evali-
atlon should be considered. Perfodic examinations are advised to monitor for intercir-
rent treatable eve disease (eg, cataract] and to reevaluate progressive low vision needs.
(For patients whose visual function could be aided or enhanced by visual rehabilitation,
please refer them to the Academy’s SmartSight website: hitp:/fone.aao.org/SmartSight.

Amsler grid It is important that patients test for visual changes daily. The Amsler grid [s
a test with white grid lines on a black background with a ceéntral dot for fixation. Each
eye is tested individually with reading glasses on and at reading distance to check for any
new metamarphopsia, scotoma, or other significant changes in central vision using the
specialized grid. Any changes on the Amsler grid should be evaluated.

Preferential Hyperacuity Perimeter (PHP) The PHP (Carl Zeiss Meditec, Dublin, CA) isa
wisual field analyzer designed specifically 1o detect recent-onset neovascular AMD and
differentiate it from dry AMD. By identifving CNV earlier, the PHP may allow treatment
to begin sooner, potentially preserving relatively good visual acuity. Preferential hyper-
acuity perimetry is based on the hyperacuity ( Vernier acuity) phenomenon, or the ability

1o detect the misalignment of an object’s location relative to other objects in space. The

ability to detect misalignment of visual stimull is largely unaffected by contrast sensitivity,
a palients age. or media opacities. Patient< evaluate a series of linear dots and note if true
or perceived distortions are present in the stimuli. The results are tabulated and reported
asa visual field, with areas of distortion clearly delineated. In a patient with RPE elevation,
as with drusen or CNV, a geometric shift in photoreceptor location occurs. As o result
of this shifl, a different set of photoreceptor fields is stimulated, leading 1o the percep-
tion that certain dots in the line are in a different position relative to their true location
in space. The PHP can detect these changes with high sensitivity. Currently, preferential
hyperacuity perimetry can be performed only in a physician’s office, and its clinical utility
has not been proven. Thus, it is not part of a regular examination; in the fature, however,
the technology may be available in patients’ homes, which would increase its atility.

Micronutrients Patients often inquire about the role of micronutrients in preventing ei-

ther the development or the progression of AMD: Ophthalmologists should counsel pa-
tients that several epidemiologic studles have demonstrated positive assoclations between

certain micronutrients and a decreased risk of AMD, although only some micronutrients

have been studied,
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The Age-Related Eye Disease Study (AREDS; Clinical Trial 4-1) enrolled 4757 pa-
tients at 11 clinical centers and cvaluated the effect of high-dose micronutrient supple-
ments consisting, of antioxidants and vitamins (500 mg vitamin C, 400 IU vitamin E,
and 15 mg beta carntene) and zinc (80 mg zinc oxide and 2 mg cupric oxide to prevent
#inc-induced anemia) on AMD and vision loss. The results showed that individuals with
intermediate AMD (extensive intermediate or at leass | lurge druse, or nonsubfoveal geo-
graphic atrophy) or wdvanced unilsteral AMI (vision loss due to AMIY in 1 eye) wha had
been randomiy sssigned to the combination supplement group had a 25% reduction of
risk for progression to advanced AMD and a 19% risk reduction in rates of moderate vi-
sion loss (23 lines of visual acuity) by 5 years. Subjects with no AMID or only early AMD
(few small drusen) did not derive any benefit. Patients were treated a median of 6.5 years,
but the treatment effect was seen even 10 vears later. At 10 years, 44% of placebo patients
compared 10 34% of the patients receiving the combination supplementation developed
advanced AMD (a 27% risk reduction). There was no increased mortality among patients
taking the AREDS formula,

A simplified grading scale was developed by the AREDS group, The scale is based on
the presence or absence in each eye of easily identified retinal abnormalities:

+ presence of ane or more large drusen (1 point)

» presence of any pigment abnormalities (1 point)

» for patients with no large drusen, presence of bilateral iitermediate drusen (1 point)
» presénce of neovascular AMD (2 points)

Age-Related Eye Disease Study (AREDS)

Objectives: One objective of this study was to evaluate whether antioxi-
dants or zinc supplements can reduce development or progression of
cataract or AMD.

Participants! 4757 men and women, age 55-80 at time of enrollmeant
{1992-1995) at 11 tertiary care centers or retina referral private practices.
Study eyes have either no evidence of AMD or varying levels of drusen
or RPE abnormalities, with visual acuity 220/32,

Intervention: Participants without AMD randomly assigned (1:1) to pla-
cebo or antioxidants. Participants with early or intermediate AMD or
unilateral advanced AMD randomly assigned (1:1:1:7) to placebo, anti-
oxidants, zinc, or a combination of amioxidants and zine,

Outcome measure: Doubling of the visual angle or development of ad-
wanced AMD.

Conclusion: Patients with bilateral, intermediate, dry AMD or unilateral
advanced AMD (categories 3 and 4, respectively] benefited from antioxi-
dant and zinc supplementation with respect to reduced rates of progres-
sion to advanced AMD and vision loss from AMD compared with the
placebo group.

Presant status; Study completed.
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Risk factors are summed across both eyes to come up with a number between 0.and 4 that
can be used to estimate the 5- and 10-year risk of developing advanced AMD:

5-Year Risk 10- Year Risk
0 factors 0.5% 1%
1 factor 3% ™
2 factors 12% 22%
3 factors 25% S0%
4 factors 50% 67%

The risk of developing advanced AMD increases between years 5 and 10. Patients with
increasing scores have increasing risk.

Recommendations of the AREDS group included the following:

« Identify individuals at high risk of AMD progression and vision loss, including
those with
» extensive intermediate drusen
= at least 1 large druse
» noncentral geographic atrophy
= advanced AMD in | eve

« Consider supplementation for these patients with a combined antioxidant and
mineral formulation to decrease rates of disease progression and vision loss, (Sup-
plementation without beta carotene is preferable for patients who smoke, because
large clinical trials sponsored by the National Cancer Institute demonstrated that
beta carotene increases the risk of lung cancer in current smokers. In these trials,
most of the smokers were heavy smokers. However, in the only other large dlinical
trial evaluating beta carotene, the Physicians' Health Study (PHS). no evidence of
increased cancer risk was found in those rendomly assigned to beta carotene, but
few participants were active smokers. Also, no evidence was found of an increased
risk of lung cancer in former smokers. Based on these clinical trials, it is reasonable
to expect that beta carotene may slightly increase the risk of cancer, at least for sev-
eral years after cessation of smoking. )

« In patients with early AMD, supplementation was not shown to be beneficial. In
patients without AMD, but who are at high risk of AMD (including family mem-
bers), AREDS supplementation has not been tested; therefore, these patients should
maintiin a balanced diet and avoid smoking,

Large population-based studies suggest that the xanthophylls lutein and zeaxanthin,
as well as omega-3 long-chain polyunsaturated fatty acids (LCPUFAs: docosahexaenoic
acid [DHA] and eicosapentaenoic acid [EPA|), may also help reduce AMD progression.
Lutein and zeaxanthin are members of the carotenoid family (like beta carotene) and are
the only 2 carotenoids in the macula. They are much more concentrated there than any-
where else in the body; the retinal tissue levels of these compounds depend on intake and
are thus modifiable. They may protect against light damage because they are efficient ab-
sorbers of blue light. Several large studies examining the association of dietary lutein and
zeaxanthin intake with advanced AMD have yielded inverse relationships that are statisti-
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cally significant. Omega-3 polyunsaturated fatty acids are found mainly in fish and nuts
and have been shown to have anti-inflammatory and possibly antiangiogenic properties.
In AREDS, a 50% reduction in advanced AMD was found in the group that had the high-
est consumption of omega-3 LCPUFAs compared with the group that had the lowest.

The National Eve Institute is beginning a clinical trial. AREDS 2, that will examine
these supplements. The study is currently enrolling patients and has a target of 4000 par-
ticipunts. The goal of this 5-year study is to examine the effects of high supplemental doses
of dietary xanthophylls (10 mg lutein and 2 mg zeaxanthin) and omega-3 LCPUFAs on
the development of advanced AMD; to study the effects of these supplements on cataract
and moderate vision loss; to study the effects of eliminating beta carotene from the origi-
nal AREDS formulation on the development and progression of AMD; and to study the
effects on the development and progression of AMD of reducing zinc to 25 mg from the
original AREDS formulation of 80 mg.

Age-Related Eye Disease Study Research Group. A randomized. placebo-controlled, clini-
cal trial of high-dose supplementation with vitamins C and E. beta carotene, and #inc
for age-related macular degeneration and vision loss: AREDS report 8. Arch Ophthalmol.
3001:119:1417-1436
Ferris FL, Davis MD, Clemons TE, et ak Age-Related Eye Disease Study (AREDS) Research
Group. A simplified severity scale for age-related macular degeneration: AREDS report 18,
Arch Ophthalmol. 2005;123:1570-1574.
Avoiding UV light Although a small correlation has been seen between increased exposure
to visible light over a 20-year period and the development of geographic atrophy or disci-
form scarring, no studies have proven a relationship between ultraviolet light and AMD.
Several epidemiologic studies have suggested that light toxicity might have a role in the
development or progression of AMD, but the data have not shown consistent associations
across studies, and the associations do not prove a cause-and-effect relationship. A study
of 838 Maryland watermen who had well-characterized ocular UV-A and UV-B exposure
reported that AMD was not associated with cumulative exposure to either UV-A or UV-B,
Nevertheless, the use of sunglasses or a hat outdoors, which may block out some visible
light with little expense and no known side effects, certainly should not be discouraged.
(See also Chapter 13.)

Taylor HR. Mufioz B, West 5, Bressler NM, Bressler SB, Rosenthal F5. Visible light and risk of
age-related macolar degeneration. Trams Am Oplthalmol Soc. 1990:88:163-173.

Lifestyle changes With the mounting evidence that environment and lifestyle play a role
in the development and progression of AMD, patients should be counseled to reduce be-
haviors that put them at risk. Of particular importance are obesity reduction and smoking
cessation.

Laser photocoagulation The Choroidal Neovascularization Prevention Trial (CNVPT)
was @ randomized, multicenter pilot study determining the feasibility of a large-scale
trial to evaluate prophylactic photocoagulation in eyes with high- risk nonneovascular
AMD. Results from the Fellow Eye Study Group demonstrated a higher incidence of
CNV among treated eyes {15% vs 3%) compared with observed eyes. However, despite
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the increased risk of CNV with prophylactic |aser, there was no detrimental effect
on visual acuity. Similarly, in the pilot study of the Prophylactic Trestment of AMD
(PTAMD) Trial, teeated patients were more likely to have a CNV event (21% vs %
P =02} than were the observed patients at 18 months. Although another large study,
the Bilateral Drusen Study Group, did not demonstrate a significant difference in the
incidence of CNV between the 2 groups, the recommendation of the PTAMD is that
prophylactic laser is of no benefit in preventing CNV if the fellow eye has already suf-
fered a neovascular event.

The National Eve Instilute sponsored the Complications of Age-Related Macular De-
generation Prevention Trial (CAPT), which enrolled 1052 patients at 22 clinical centers
{mean age 71 vears; 99.3% Caucasian} to determine if photocoagulation with a 514-nm
argon green laser reduces vision loss from advancing AMD. A macular grid of 60 barely
visible burns was laid down in a cirde 1500-2000 pm from the foveal center in 1 eve of
an individual with bilateral nonneovascular AMD, which was defined as having bilateral
large drusen (>125 pm in diameter) and visual acuity better than 20/40 in both eyes: At
5 years' follow-up; the cumulative incidence of late AMD was 15.7% in treated eyes and
2004% in untreated eyes: the incidence of CNV wits 13,3% in both groups. Thus, prophy-
lactic laser does not appear 1o offer any benefit in AMD.

Rheopheresis Differential membrane filtration, or rheapheresis {Occulogix, Waltham,
MA), is an extracorporeal blood filtration procedure that removes circulating mac-
romolecules from the blood, The patient’s blood is pumped through a series of filters
over approximately 3 hours to reduce high-density macromolecules in the plasma (-2
macroglobulin, fibrinogen, LDL cholesterol, von Willebrand factor, 1gM, fibronectin,
vitronectin} and decrease blood and plasma viscosity, resulting in Improved micro-
circulatory blood flow in some vascular beds. Rheopheresis consists of a series of 8
sessions over a 10-week period and is currently being evaluated in a randomized clini-
<al trial. The phase 3 Multicenter Investigation of Rheopheresis of AMD (MIRA-1)
Study randomized 183 patients with dry AMD (>10 intermediate to large drusen) and
elevated plasma levels of macromolecules to rheopheresis or sham trewtment, The pri-
mary outcome at 12 months did not find a statistically significant benefit of rheophere-
sis over sham treatment.

Experimental treatments for nonexudative AMD Scveral drugs are being evaluated for the
treatment of nonexudative AMD or to prevent progression 1o exudative AMD. The larg-
est study is looking at anecortave acetate (Retaane; Alcon, Fort Worth, TX). an angiostatic
steraid that s injected onto the scleral surface over the macula (ie. a posterior sub- Tenon
or juxtascleral position).

The Anecortaye Acetate Risk Reduction Trial (AART) is a 48-month study of an-
ccortave acelate (15 mg or 30 mp) versus sham treatment (1:1:1), administered every
6 manths, to determine whether anecortave acetate reduces the risk of CNV developing
in eyes with dry AMD. Approximately 2500 patients have been enrolled; the participants
have exudative CNV in the non-study eye and the following characteristics in the study
eye: 5 ot more intermediate or larger soft drusen, andfor confluent drusen within 3000 um
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of the foveal center, and hyperpigmentation. Best-corrected visual acuity must be 20/62.5
or betler in the study eye. The primury outcome measure of the study is the development
of sight-threatening CNV, defined as any CNY within 2500 pm of the center of the fovea.
Other experimental protocols are looking at ciliary neurotrophic factor (CNTF) delivered
by encapsulated cell intrapcular implants (Neurotech, Lincoln, RI): complement inhibi-
tors, and rétinoid inhibitors.

Bréssler NM. Bressler S, Preventative ophthalmology: age-related macular degeneration.
Cxphithanlrmcrlingy. 19951021 206- 1211

Clamplications of Age-Related Macular Degeneration Prevention Trisl Study Group. The Com-
plications of Age-Related Macular Degeneration Prevention Trial (CAPT): rationale, design
and methodology. Clin Tril, 2004,1:01 - 107

Laser treatment in eves with large drusen: short-term effects seen In a pilor randomized clini-
cal 1ial. Choroidal Neovascularization Provention Trial Rescarch Group, Ophehalmolagy:
1995:105:11-23.

Maguire M: Complications of Age-Relujed Macular Degeneration Prevention Trial Research
Chrroup. Baseline characteristios, the 25-ftem Nathonal Fye Institute Visoal Functioning Ques-
tionnaire, and ther associations in the Complications of Age-Related Macular Degeneration
Prevention Trial (CAPT), Opfthalmology. 2004:111:1307- 1316,

Pulido 15 Multicenter Investigation of Rleophercais for AMD (MIRA- 1} Study Group. Mult-
center prospective, tandomized, double nsasked, placetso-controlled study of rheapheresis
ty teat nonexndative age-related macular degeneration: Interim analysis. Trians Am Oph-
thealimed Serc. 2002 100:85- 106

Neovascular AMD

The hallmark of the neovascular form of AMD is the presence of CNV. Any disturbance
of Bruch’s membrane, such as the presence of drusen. thickening of the inner aspect. or
conditions similar to the nonneovascular changes associated with AMUD, can increase the
likelihood that a break will occur, allowing buds of neovascular tissue from the chorio-
capillaris to petforate the outer aspect of Bruch's membrane, These new vessels are ac-
companied by fibroblasts, resulting in a fbrovascular complex that proliferates within the
inner aspect of Bruch’s membrane (Fig 4-6). This fibrovascular complex can disrupt and
destroy the normal architécture of the choriocapillaris, Bruchs membrane, and the RPE
In addition, fibroglial and fibrovascular tssue can also disrupt and destroy the normal
architécture of the photoreceptors and remaining outer retina, leading to the formation
of a disciform scar.

Signs and symptoms of neovascular AMD

Patients who develop neovascular AMD complain of the sudden onset of decreased vision,
metamorphopsia, and paracentral scolomata. Clinically, there may be elevation of the
RPE; subretinal or intraretinal lipid. fluid, or blood; PED; and retinal pigment epithelial
tears: pocasionally. the gray-green CNY lesion itself is seen. The presence of an intrareti-
nal hemorrhage may be an early sign of a retinal angiomatous proliferation (RAP] lesion,
with flow from the retinal circulation connecting to the CNV. Fluorescein angiography is
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Choroidal neovascularization

CNY in the fovea is the major canse of severe central visual loss in AMD. A variety of
clinical symptoms suggests the diagnosis of CNV. Patients often present with an otherwise
unexplained, tairly sudden, decrease in visual acuity; central metamorphopsia; or a rela
tive central scotoma. Signs of CNV may include
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TNV is an ingrowth of new vessels from the chorocapillaris through a break in the outer
brane into the sub-pigment epithelial space (Fig 4-7). Within this

spiice, the TNV can leak fludd and blood and mav be accompanied by a serous or hemor

aspect of Bruchs mer

rl""ti:"- detachment of the RPE, The blood may resorb, dissect under the retina; or, rarely:
break inte the vitreous cavity. In addition to vascularization from the choreid, fibrous tis-

sue may grow within Bruch’s membrane, possibly accompanied by either fibrovascular or

fibrocellular tissue between the neurosensory retina and the RPE. Ultimarely, ihis process

results in a disciform fibrovascular scar that replaces the normal architecture of the outer
n (see Fig 4-6).

retina and leads to permanent loss of central

Fluorescein angiogram patterns of CNV  Fluorescein patterns of CNV vary because the CNY
lesion may be a complex of several lesion components that may include classic CNV, occult

CNV, and features that may pbscure CNV. Two major pallerns of CNY are seen on FA
1. classic CNV

occult CNV

fied in the garly

Classic CN'V is an area of bright. fairly uniform hyperfluorescence iden

v intensifies throughout the tran

sit phase, with

Ph.]'n’,' of the .||igic=|.‘;1 am that progressive
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Figure 4-7  Schemahc drawing of CNV onginanng from the chonacapdians: Neovascolanzation
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lzakage of dve obscuring the boundaries of this area by the late phases of the angiogram
(Fig 4-8; see also Fig 2-1)
Oceult CNV consists of 2 forma

1. fibrovascular PED

1 late leakage from an undetermined source

Fibrovascuilar PED refers to an irregular elevation of the RPE with stippled or granular
irregular flusrescence first seen carly in the angiogram, usually by 1-2 minutes after dye
injection. The irregular elevation of the RPE is best seen with stereo views on the angio-
gram. As the study progresses, there is progressive leakage from these regions, with a
stippled hyperfluorescent pattern that is not as diffuse as that seen in classic CNV (see Fig
2-1B). Late leakdge from an undetermuned source refers to regions of flnorescence at the
lewel of the RPE that are best appreciated in the lale phases of an angiogram; they do not
correspond to classic CNV or 1o arcas of irregular elevation of the RPE during the early or
midphases of the angiogram

The distinction between classic and occult ONV s important because the benefits of
laser treatment have been shown only for cases that have some evidence of dassic CNV,
and the benefits of PUT hase presently been established only for those lesions that are pre-
dominantly classic or purely occult CNV. In addition, the natural course of CNY lesions
that consist salely of occult CNV differs from that of CNV lesions that either consist solely
of classic CNV or are mixtures of classic and occult ONV. Many occult with no classic
CNV lesions may not progress and can be observed. In general, treatment is considered
only when there is evidence of discase progression, defined 2= a loss in vision. increase in
size of the lesion, or hemorrhage
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If lesion components wsch as contiguous thick blood, pigment. scar tissue, or a serous
PED lie contiguous to lvperfluorescence from dassic or occult CNV, they may either
block flucrescence (blood, pigment, or scar) or intensify hyperfluorescence (serous PED)
and thus obscure underlyving CNV

When determining the size of a CNV lesion; the examiner must take into account all
areas of classic and occult TNV, as well as areas with obscured features. Recognition of
blood, pipment, or scar tissue a< a lesion component depends on dinscal examination and
blocked fluorescence during the Muorescein angiogram. Identification of a serous PED as

a lesion component requires a smooth or dome-shaped area of RPE devation with rapid.
carly, homogeneous, and intense fluorescence that retains its same boundaries and inten
sity throughout the study. In contrast to a serous PED, a fibrovascolar PED or eccult CNV
has irregular topography of the RPE clevation, a stippled and nonhomogencous pattern
of fluorescence. and a slow rate of filling with Ouorescein. Such areas fuoresce between |
and 3 minulcs rather than between 20 and 60 seconds, and they may either leak or stain
in the late phase.

The terms predomina:

classic, mimimally dassic. and occult with no classic are im

portant to kniow in order 10 understand who mayv benefit from PDT. Predominantly clas
sic lesions are lesions where the CNV occupies more than 50% of the lesion. including
contiguous blood, pigment, scar, and staiming. In addition, the proportion of classic CNV
alsp occupies more than 30% of the entire lesion—not just 530% of the CRV. Mimamally
classic CNV is present when the proportion of classic CNV occupies between 1% and 49%
of the entire lesion. Finally, occult with no classic CNV is present when there is no classic
CNV in the lesion—only occult TNV

The terms poorty definesd or poorly demarcated CNV and well-defined or well-demarcated
CNV should not be used as synonyms for dhessic and occudt TNV, respectively, "Classic”™ and
“occult” describe fluorescein patterns of CNY. "Poorly defined” and “well-defined” describe
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how distinet the boundaries are between the entire CNV lesion and the uninvolved retina. In
poorly defined CNV, the boundaries separating CNV from normal retina cannot be readily
distinguished (see Fig 4-8); in well-defined CNV, the boundaries can easily be determined
(see Fig 2-1A). Occult ( NV can have well-defined borders, and classic CNV can have poorly
defined boundaries. This distinction is important because laser therapy should be applied to
the entire area of CNV, and that area can be identified only when the boundaries ol the entire
lesion are well demarcated. The distinction is not as important when performing PDT.

The appearance, shape, and size of a disciform lesion are related to a variety of factors,
including the amount of fibrovascular tissue, the extent of RPE plllllfl.'l'ﬂliill'l. and con
ved leakage from CNV. Massive exudation may occur beneath the neurosensory retina,
resulting in an extensive nonrhegmatogenous retinal detachment.

Other imaging modalities, including high-speed angiography, ICG angiography, and
OCT can also image CNV. Angiographic techniques other than traditional fluorescein an-
giography have limited added utility in this setting, but OCT is particularly useful in show-
ing the exudative features of CNV, such as macular edema, subretinal fluid, and PED.

Differential diagnesis of neovascular AMD
A variety of conditions can mimic the neovascular changes of AMD. These clinical ¢
ties are listed in Table 4-1.

Retinal arterial macroaneurysms may be associated with preretinal, intraretinal, or sub-
retinal hemorrhage. Because they present with sudden visual loss when blood involves the
macula, the clinical appearance may resemble hemorrhage from CNV. In many cases, the
subretinal hemorrhage surrounds the macroaneurysm, and FA and ICG angiography may
demonstrate the dilated lumen of the macroaneurysm along a retinal arteriole (Fig 4-9).

Levin MR, Gragoudas ES. Retunal arterial macroaneurysms. Inc Albert DM, Jakobiec FA. eds.

Principles and Practice of Ophthalmology. 2nd ed. Philadelphia: Saunders: 3000: 1950~ 1957

Adult vitelliform dystroply may resemble a2 retinal PED or a fundus with Iurg.: conflu-
ent drusen. In vitelliform macular dystrophy, the staining of the vitelliform material in
an eye with pattern dystrophy of the RPE or in a patient with basal laminar drusen may
be mistaken for the leakage seen in CNV. Usually, the staining of the vitelliform mate-
rial is associated with marked blocked fluorescence in the early phase of the angiogram
(Fig 4-10). Furthermore, even though the lesion often involves the foveal center, visual
acuity remains relatively good.

Spaide RE. Noble K. Morgan A, Freund KB, Vitelliform macular dyvstrophy, Ophtlalmology
20061131392~ 14

Table 4-1 Differential Diagnosis of Neovascular AMD

Macroaneurysms

Vitzlliform detachments

Polypoidal choroidal vasculopathy
Central serous chorioretin opithy
Inflammatary conditions

Small tumor such as choroidal melanoma
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Polypoidal chorovdal vasculopathy, also known as posterior uvea! bleeding syndrome,
is characterized by multiple and recurrent serosanguinous RPE detachments that often
resemble hemorrhagic detachment in AMD. The first description of this syndrome was
the occurrence of lesions in individuals of African American or Asian ancestry and typi
cally middle-aged females. It is now felt 1o occur in all races and also in males. The areas of
serosanguinous detachment are often peripapillary, multifocal, orange, and nodular. Vitre
ous hemorrhage may occur more frequently than in AMD, and the typical soft drusen of
AMD are not usually present. The natural history and visual acuity outcomes of polypoidal
vasculopathy may be better than those of CNV associated with AMD (Fig 4-11)

e VW, Storeoling BS, et al. Polypoadal chomoidal vascul hy amd neovascu

Yannuzzi LA, Wor
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Larized age-related macular degeneration. Arch

CSC with subretinal fluid can occasionally mimic the subretinal fluid seen with CNV
and AMD. However, patients with CSC are usually younger and usua

Iv do not show a

subretinal hemorrhagic process. (S0 can be further differentiated by characteristic signs,
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Figure 4-11  Polypmdal choroidal vass
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including patches of mottled RPE atrophy (which sometimes assume a gutterlike configu

ration) or multiple PEDs (Fig 4-12). The areas of pigment epithelial atrophy remaining
after reabsorption of subretinal fluid are often geographic in their pattern and may extend
below the inferior temporal arcade from the gravitational effect.

A variety of inflammatory conditions may cause changes in the outer retina with sub-
retinal fluid accumulation in the macula. These include Vogt-Koyanagi-Harada syndrome,
posterior scleritis, and systemic lupus ¢rythematosus. These diseases generally have other
distinguishing ocular and systemic features,

Choroidal tumors, such as a small choroidal melanoma or choroidal hemangioma,
may present with a mass effect and, occasionally, CNV on the surface that resembles
AMD, Ultrasonography can help to differentiale the low reflectivity of a choroidal mela
noma {rom the moderate to high reflectivity of a disciform scar.

Management of neovascular form of AMD

If neovascular AMDY is suspecled based on signs or symptoms, FA should be obtained
and interpreted prompily. Stereoscopic angiography and late-phase photographs (2, 5, and
10 minutes after dye injection) may facilitate idemtification of occult CNV. Interpretation
of fluorescein angiographic patterns of CNV associated with AMD can be fairly compli-
cated {see “Choroidal neovascularization” earlier in this chapter), but correct interpreta-
tion is crucial to making appropriate management recommendations. With the advent of
antiangiogenesis therapy, OCT has taken a larger role than FA in re-treaiment decisions
concerning acditional ipections,

Laser photocoagulation (thermal laser] Laser treatment has been used for classic CNV
with well-demarcated boundaries and for lesions with classic and occull CNV compa
nents in which the lesion boundary has been well demarcated. Photocoagulation remains
a proven therapy for extrafoveal and juxtafoveal lesions except in cases where the treating
physician feels it may damage the foveal center. In these cases, in the era of antiangiogenic
therapies—and despite the Macular Photocoagulation Study (MPS; see the following dis-
cussion) resulls—laser is not used and pharmac ologic therapy has been found to be more
benelficial
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The ]_=n.|i of photocoagulation is specific ally to decrease the risk of additional severe
visual acuity loss beyvond what the patient has .Jlru.u|:r exper ienced. In the Macular Photo
el geuity loss was defined as the loss of 6 or more lines
of vision on the vision chart, or a quadrupling or worse of the visual angle—for example,
having visual acuity deteriorate from 20/40 to 20/160 or from 20/200 to 20/800 or worse,
In all the MPS trials, treatment (as compared to observation) did not decrease the patient’s
chance of maintaining good visual acuity or vision within L5 lines of the visual acuity
measured just prior to treatment. However, by 3-5 years after randomization, the propor
tion of eyes, treated or untreated. that maintained good visual acuity or vision within 1.5

L'r,:agu!.{[ftrn Study (MPS), severe v

lines of the initial measurement was very small

A patient undergoing treatment for an extrafoveal or a juxtafoveal lesion should un
derstand that this therapy may not improve vision and will induce a permanent scotoma
Treatment 15 |'(‘L'|\|'|'|[!1g‘nl'||_'l| r.'lllu'r L1} (Il'l reasc ||ii' f'l_‘-]& ol !"“H'I'I'?-h-l'\ © SEVEre 'llhll.ll ||.I\N
and a larger central scotoma, Nev ertheless, despite Fll]“ilItll.ij:ll.l.ﬂlllll., many treated eyes
with extrafoveal or juxtafoveal lesions continue to lose vision because of persistent o
recurrent CNV, which usually extends into the foveal center and has a major impact on
subsequent visual acuity, At the time of the MPS trials on extrafoveal and juxtafoveal
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lesions, the benefits of treating recurrences in the foveal center with any modality were
not yet known; therefore, any subfoveal recurrences usually were left untreated. If the
subfoveal recurrences that met treatment criteria had actually been treated, it is likely that
the benefits of extrafoveal or juxtafoveal photocoagulation would have been greater than
what was reported.

A1 the time of treatment, patients should be informed of the need to return peri-
odically for follow-up (including visual acuity testing and FA as needed) as well as at any
time new symptoms occur. If recurrent CNV is detected, repeat photocoagulation may be
considered (if the process remains outside the foveal center), or PDT or other treatment
modalities may be entertained for subfoveal recurrences.

Other photocoagulation treatment considerations The choice of wavelength for photoco-
agulation (green [514 nm| or red [647 nm]) appears to have no effect on the treatment
benefit. The risk of recurrence appears greatest in the following situations:

« when the fellow eye shows evidence of active CNV or scarring

« when treatment fails to cover the neovascular lesion in its entirety

« when photocoagulation is not as intense as a moderately white treatment intensity
standard (Fig 4-13)

Currently, various techniques are available for the diagnosis and treatment of CNV. 1CG
angiography may be used to better identify the boundaries of lesions that are poorly de-
marcated or that are obscured by extensive hemorrhage or pigmentation on FA.

Photodynamic therapy PDT is a 2-step process that entails the svstemic administration of
a photosensitizing drug followed by an application nl-llghl of a particular wavelength to

Figure 4-13  The menimal thermal laser treatment intensity standard used in the Macular Pho-
tocoagulabon Study of juxtafoveal lesions specifies intensity sufficient 1o produce a uniform
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the affected tissue to incite a localized photochemical reaction. This reaction generates re
active oxvgen species that can lead to capillary endothelial cell damage and vessel throm
bosis. Several photosensitizing drugs are being evaluated in the management of patients
with subfoveal CNV and AMD.

The Treatment of AMD with Photodynamic Therapy (TAP) investigation (Clinical
Trial 4-2) was conducted at 22 clinical centers and studied 609 patients with new or re-
current subfoveal CNV demonstrating a classic companent on FA. Initial vision ranged
from 20/40 to 20/200, and the greatest linear dimension of the lesion was 5400 pm or
less. Eyes were randomly assigned in a double-masked fashion to intravenous (IV) infu
sion with verteporfin or a placebo (5% dextrose in water [D5W]). The photosensitizing
drug was activated by an infrared diode laser (689 nm) 15 minutes after initiation of the
infusion. Patients -hs-lglu'«! Lo verteportin were less likely to suffer at least moderate vision
loss (<3 lines of visual acuity) at | and 2 years when compared with placebo-assigned
patients (the TAP extension study showed that the benefit persists up 1o 60 months after
initiation of treatment). At 2 vears, 59% of verteporfin eyes versus 31% of placebo eves
avoided at least moderate vision loss. Subgroup analysis revealed that participants with
predominantly classic CNV (ie. the area of classic CNV occupies =50% of the entire le-
sion) derived the greatest treatment benefit. This treatment effect was sustained up to 5
years after starting treatment, with a reduction over time in the number of treatments
ruqu:rcd. (2 treatments in the last 3 vears). Fluorescein a.n.ghlgr.l.phic oulcomes pmr:i‘ll:d.
independent confirmation of a favorable treatment effect in that verteporfin-treated eyes
were less likely to demonstrate progression of classic CNV, more likely to demonstrate
absence of classic CNV l:.lLJ.i{t. and less likely 1o enlarge during 2 vears of follow-up.
Subgroup analvses did not identify anv statisticallv uigniﬂc:ml difference in visual acuity
outcomes in eves in which the classic CNV lesion component was more than 0% but less
than 50% of the area of the entire lesion (ie, minimally classic lesions) for the entire group
of minimally classic lesions; however, subsequent linear regression analysis, as well as the
Visudyne in Minimally Classic (VIM) Trial, has suggested that smaller minimally classic

Treatment of Age-Related Macular Degeneration with Photodynamic
Therapy (TAP] Study

Objective: To determine if PDT with verteporfin can reduce the risk of
visual loss in patients with subfoveal CNV when compared to placebo
controlled sham treatment.

Participants: Eyes with new or recurrent subfoveal CNV, a classic com-
ponent, size <5400 pym, blood <50% of the lesion, and vision of 20/40
to 20/200 at enroliment at 22 centers throughout North America and
Europe.

Outcomea measures: Vision loss of <16 letters at 1 and 2 years. Secondary
outcomes include vision loss of <30 letters, contrast threshold function,
quality of life, and morphologic outcomes.

Present status: Study completed.
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lesions (<4 MPS disc areas) appeared 1o benefit from the treatment, In the VIM Trial,
eves with smaller minimally classic (<6 MPS disc areas) lesions receiving the verteporfin
showed a statistically significant difference in vision from those receiving the sham treat-
ment. Thus, patients with smaller minimally classic lesions may benefit to a limited degree
from verteporfin PDT.

The Verteporfin in Photodynamic Therapy (VIP) study (Clinical Trial 4-3) was con-
ducted at 28 clinical centers and evaluated 459 patients with AMD and new or recurrent
subfoveal CNY measuring <5400 pm in its greatest linear dimension with either (1) oceult
with no classic CNV, vision 220/100, recent disease progression defined as the presence
of hemorrhage, a recent decrease in vision 21 line, or an increase in the size of the Je-
sion 210% in greatest lincar dimension, or (2) classic CNV with or without occult CNY
and vision 220/40. The treatment and follow-up protocol were the same as for the TAP
investigation, At 1 year, rates of at least moderate vision loss were similar between verte-
porfin-treated and placebo-treated eyes, although a number of secondary visual and an-
giographic outcomes significantly favored the verteporfin-treated group. However, by the
2-year endpoint, verteporfin-treated eyes were significantly less likely to have either mod-
erate or severe vision loss. The treatment benefit was greatest for eyes with occult CNV
without a classic component, particularly if the lesion was relatively small (=4 disc areas)
or associated with relatively lower levels of visual acuity (20/50) at baseline. In this sub-
group, verteporfin-treated eves had rates of moderate and severe vision loss of 49% and
21%, respectively, at the 2-year examination compared with 75% and 48%, respectively,
in the placebo-treated group. Additional secondary outcomes (both visual and morpho-
logic) confirmed these beneficial effects. In contrast, lesions that are larger than 4 disc

Verteporfin in Photodynamic Therapy (VIP) Trial: AMD and Pathologic
Myopia

Objective: To determine if photodynamic therapy with verteporfin can
raduce the risk of visual loss in patients with subfoveal CNV when com-
pared with placebo-controlied sham treatment.

Participants: Eyes with new or recurrent subfoveal CNV, and AMD with
the following stipulations: if classic CNV is present, visual acuity better
than 20/40; if occult CNV is present without classic CNV. there must be
evidence of either blood or deterioration within the |last 3 months. Dete-
rioration defined either visually as loss of 25 letters (21 line) or anatomi-
cally as a 210% increase in the lesion's greatest linear dimension. Eyes
with subloveal CNV and pathologic myopia, Lesions <5400 um, blood
<50% of the lesion, and vision =20/100.

Outcome measures: Vision loss of <6 letters at 1 and 2 years. For AMD
eyes, vision loss of <B letters at 1 or 2 years for myopic eyes. Secondary
outcomes include vision loss of <30 lenters, contrast threshold function,
quality of life, and morphologic outcomes.

Present status; Study completed.
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areas in size, with baseline vision better than 20/50, had a worse outcome with verteporfin
treatment; these patients should not be treated, The phase 3 Visudyne in Occult (VIO)
study was a phase 3, multicenter, randomized, double-masked, placebo-controlled clini-
<al trial with inclusion criteria similar to those in the V1P study. After 12 and 24 months,
the primary outcome was not met, although verteporfin-ireated patients had a modest
treatment benefit,

The FDA approved PDT with verteportin for eyes with predominantly classic CNV
and AMD, as well as for eves with pathologic myopia and ocular histoplasmosis (see
Other Causes of Choroidal Neovascularization later in the chapter). Although not FDA
approved, PDT with verteporfin monotherapy can be considered for eyes with occult le-
sions and no classic component that meet the entry criteria of the VIP study—namely,
eves that have signs of recent disease progression and that are small or associated with
poorer levels of vision, as well as smaller minimally classic lesions. Although PDT is an
improvement over subfoveal laser, on average, patients still lose visual acuity and have
minimal visual gain with monotherapy. With the advent of pharmacotherapy, PDT use
has dropped considerably; however, combination therapy with PDT and antiangiogenesis
treatments is being explored that may offer visual gains similar to those from antiangio-
genesis treatments but with considerably lower treatment rates.

Antiangiegenesis Angiogenesis is the formation of new blood vessels via sprouting or split-
ting from existing vessels and 15 characterized by a complex cascade of events. The first
step in the cascade is vasodilation of existing vessels and increased vascular permeability.
This is followed by degradation of the surrounding extracellular matrix, which facilitates
migration and proliferation of endothelial cells. After endothelial cells proliferate, they join
together to form a lumen, which becomes a new capillary. The vessels subsequently mature
and undergo remodeling to form a stable vascular network, The successiul execution of this
cascade requires the carefully balanced imterplay of growth-promoting and growth-inhib-
iting angiogenic factors. Identified activators of angiogenesis include vascular endothelial
growth factor (VEGF), fibroblast growth factor (FGF) families, transforming growth factor
(TGF)-u and TGF- ), angiopoletin- 1, and angiopoietin-2, Inhibitors of angiogenesis include
thrombospondin, angiostatin, endostatin, and pigment epithelium-derived factor (PEDF).

The majority of recent research has focused on VEGE VEGF expression is increased
in pigment epithelial cells during the early stages of AMD, suggesting that VEGF plays a
role in the initiation of neovascularization rather than being secondary to it. In addition,
high concentrations of VEGF have been observed in excised CNV from AMD patientsas
well as in vitreous samples from patients with CNV. VEGF is a homodimeric glycoprotein
that is a heparin-binding growth factor specific for vascular endothelial cells. It can induce
angiogenesis, vascular permeability, and lymphangiogenesis and may also act as a survival
factor for endothelial cells by preventing apoptosis. There are at least 4 major VEGF iso-
forms, produced by alternative exon splicing of the human VEGF genc on chromosome
6p21.% VEGF,s,, VEGF i, VEGE 4, and VEGF . The VEGF isoforms have varying de-
grees of permeability-enhancing and angiogenic properties, with YVEGF < thought to be
the most pathologic. All isoforms can undergo posttranslation cleavage by plasmin to
produce a freely soluble isoform, VEGF, ;.
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Pegaptanib Pegaptanib (Macugen; OSI/Eyetech Pharmaceuticals, New York, NY) is an
RNA oligonucleatide ligand (or aptamer) that binds human VEGF,, with high affinity
and specificity. It differs from other anti-VEGF therapies in that it binds near the heparin-
binding domain of VEGE thus preventing VEGF ; and larger isoforms from attaching
to VEGF receptors instead of targeting all active VEGF-A isoforms. The drug is adminis-
tered via intravitreal injection every 6 weeks. The VEGF Inhibition Study in Ocualar Neo-
vascularization (VISION) was 3 prospective, randomized, double-masked, controlled,
dose-ranging phase 3 clinical trial in which AMD patients with subfoveal CNV received 1
of 3 doses of pegaptanib or sham injections every 6 weeks for 48 weeks (Clinical Trial 4-4).
Of the 1196 patients enrolled worldwide, 70% of patients lost less than 3 lines of vision
and 10% lost more than 6 lines, compared to 55% and 22%, respectively, in patients who
received sham injections at 12 months. Visual gain of 3 or more lines was seen in 6% of
treated patients versus 2% of control patients at | year. The drug appeared safe; however,
endophthalmitis was reported in 12 patients (1.3 risk/patient/year). Macugen received
FDA approval for treating neovascular AMD in December 2004, Unfortunately, similar to
the results with PDT, patients in general still lost vision with pegaptanib therapy, and the
use of this drug has dropped as newer antiangiogenesis agents have been developed.

Ranibizumab Ranibizumab (Lucentis; Genentech, South San Francisco, CA) is a re-
combinantly produced. humanized, antibody (Fab) fragment that binds VEGFE. Unlike
pegaptanib, ranibizumab binds to and inhibits the biologic actlvity of all active forms of
VEGF-A and their active degradation products. The Minimally Classic/Occult Trial of the
Ami-VEGF Antibody Ranibizumab in the Treatment of Neovascular AMD (MARINA)
study was a randomized, double-masked, sham-controlled clinical trial of patients with
minimally classic or occult CNV secondary to AMD treated with 1 of 2 different doses of
intravitreal ranibizumab or with sham injections delivered every 4 weeks for 24 months
(Clinical Trial 4-5). The MARINA study demonstrated that 95% of ranibizumab-treated
patients experienced visual improvement or stabilization compared with 62% of sham-
treated patients after 12 months. More important, almost 40% of ranibizumab-treated pa-
tients experienced visual improvement of 15 letters or more compared with sham-treated

VEGF Inhibition Study in Ocular Neovascularization (VISION)

Objective: To determine if pegaptanib can reduce the risk of visual loss
in patients with subfoveal CNV when compared with placebo-controlled
sham treatment.

Participants: Eyes with new or recurrent subfoveal CNV, any Iaﬁnr; com-
position, CNV =50% of the lesion, size <12 disc areas, blood <50% of the

lesion, and vision of 20/40 to 20/320 at centers throughout North America
and Europe,

Outcome measures: Vision loss of <15 letters at 1 year. Secondary out-
comes include vision loss of <30 letters and morphologic outcomes.

Present status: Study completed.
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Minimally Classic/Occult Trial of the Anti-VEGF Antibody Ranibizumab
in the Treatment of Neovascular AMD [MARINA)

Objective: To determine if monthly ranibizumab can reduce the risk of
visual loss in patients with subfoveal. minimally classic or occult with no
classic CNV when compared with placebo-controlled sham treatment,

Participants: Eyes with new or recurrent subfoveal CNV, minimally clas-
sic or oceult with no classic CNV with evidence of recent disease progres-
sion defined as new subretinal hemaorrhage, recent growth of CNV on FA,
or recent visual acuity loss, CNV =50% of lesion, size 12 disc areas, no
prior PDT, blood <50% of the lesion, and vision of 20/40 to 20/320.
Outcome measures: Vision loss of <15 letters at 1 year, Secondary out-
comaes include vision loss of <30 letters, quality of life, and morphologic
outlcomeas,

Present status: Enrollment completed. HORIZON extension study of
MARINA patients still ongoing.

patients. Another study, the Anti-VEGF Antibody for the Treatment of Predominantly
Classic Choroidal Neovascularization in AMD (ANCHOR) study, was a randomized,
double-masked, sham-controlled clinical trial of patients with predominantly classic
CNV secondary to AMD treated with ranibizumab and sham verteporfin PDT or sham
mjection and verteporfin PDT (Clinical Trial 4-6). The study reported that approximately
95% of ranibizumab-treated patients maintained or improved vision (less than a 15-letter
loss in visual acuity) compared with 64% of patients treated with PDT after 12 months,
and 90% of ranibizumab-treated patients lost less than 15 letters in visual acuity compared

Anti-VEGF Antibody for the Treatment of Predominantly Classic
Choroidal Neovascularization in AMD [ANCHOR] Study

Objective: To determine if monthly intravitreal ranibizumab can reduce
the risk of visual loss in patients with predominantly classic subfoveal
CNV when compared with photodynamic therapy with werteporfin
treatment.

Participants: Eyes with new or recurrent subfoveal CNV, predominantly
classic CNV, CNV >50% of lesion, size <8 disc areas, no prior PDT, blood
<50% of the lesion, and vision of 20/40 to 20/320.

Ouwtcome measures: Vision loss of <15 letters at 1 year. Secondary out-
comes include vision loss of <30 letters, contrast threshold function,
quality of life, and morphologic outcomes.

Present status: Enrollment completed. HORIZON extension study of
ANCHOR patients still ongoing.
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with 65.7% of patients treated with PDT afier 24 mnnths.'nummlnun_niirwemﬂn
of 11 Jetters, with 41% of patients improving more than 3 lines after 24 months (Fig 4-14).
Almost 8% of patients maintained or improved vision after 24 months. Ranibizumab
received FDA approval in July 2006.

Both the MARINA and ANCHOR studies evaluated monthly ranibizumab dosing.
The PIER study evaluated the efficacy and safety of ranibizumab administered monthly
far 3 months and then quarterly in patients with subfoveal CNV secondary 1o AMI). The
mean changes in vision from baseline at 12 months were ~16.3, <16, and -0.2 letters for
the sham, 0.3-mg. and 0:5-mg groups, respectively (P < 0001; each ranibizumab dose
va sham). Similar to the MARINA and ANCHOR study results, the mean change in vi-
sual acuity from baseline improved over the first 3 months; however, the treatment ef-
fect declined in the ranibizumab groups during quarterly dosing. To study whether any
other dosing scheme would be beneficial, Rosenfeld performed an investigator-sponsored
trial that evaluated 3 consecutive monthly intravitreal injections of ranibizumab (0.5 mg).
Thereafter, re-treatment with ranibizumab was performed if one of the following changes
was observed between visits: a loss of 5 letters in conjunction with (Tuid in the macula as
detected by OCT, an increase in OCT central retinal thickness of at least 100 um, new-
onscl classic CNV, new macular hemorrhage, or persistent macular fluid detected by OCT
at least I month after the previous injection of ranibizumab. With OCT-guided therapy,
the mean visual acuity improved by 9.3 letters (P < .001) and the meéan OCT central reti-
nal thickness decreased by 178 pm (P < .001) in the 40 patients in the study. Visual acuity
improved 15 or more letters in 35% of patients. These visual acuity and OCT outcomes
were achieved with an average of 5.6 injections over 12 months. After a fluid-free macula

Mean change in vision from baseline

Figure 4-14  Graph illustratng this mean change in vision from several phase 3 clinical trials
martesy o Farer £ Lssgr &7 0
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was achieved, the mean injection-free interval was 4.5 months before anather injection

Other antiangiogenesis therapies Scveral other antiangingenic studies are currently in
phase 3, or large-scale, clinical testing, including an angiostitic steroid, anecortave acetate;
VEGF Trap: RNA interfering molecules; tyrosine kinase inhibitors; and bevacizamab.

Anecortave acetate, Retaane (Alcon, Fort Worth, TX), is part of a new class of agents
called corfisenes that inhibil angiogenesis yet have lintde glucocorticoid (anti-inflammatory)
or mingralocorticoid (salt-retaining) activity. Anecortave acétate exerts its inhibitory effect
on endothelial cell growth in vitro by increasing the synthesis of plasminogen-activator
inhibitor-1 (PAL-1}. This induction of PAL- | then inhibits urokinase plasminogen activator
(u-PA) activity, which is essential for the invasive aspect of angiogenests, nllowing angio-
genesis to break down vascular endothelial cell basement membrane and the surrounding
extracellular matrix. A phase 3 comparison of anecortave acetate 15 mg suspension with
verteporiin PDT for treatment of predominantly classic, subfoveal CNV due to AMD was
performed. The primary vutcome to demonstrate the noninferiority of anecortave acetate
o verteporfin PDT at month 12 after the start of trestment was not met. However, there
was no clinically relevant difference in cfficacy between the 2 groups (45% responders for
anecorlave acetate 13 mg vs 49% for PDT, P = 4305). Inaddition, anecortave acetate 15 mg
and verteporfin PDT were clinically equivalent with respect to mean changes from baseline
in logMAR visual acuity through 24 months of therapy. Retaane has received regulatory
approval in Australia and is undergoing additional testing in the United States.

VEGF Trap (Regeneron, Tarrvtown, NY) is a soluble protein that acts as a VEGF re-
cepior decoy but is smaller than immunoglobulin G (IgG). VEGF Trap is a fusion protein
that combines the ligand-binding elements from the extracellular domains of VEGFRI
and VEGFR2 fused to the Fe constant region of IgG. VEGF Trap binds both VEGF and
placental-like growth factor (PIGF) and fully penetrates all retinal layers. VEGF Trap bs
currently undergoing phase 3 resting for AMD,

RNA imterference (RNAi) -based therapies silence specific genesand, thus, their protein
products, via targeted degradation of mRNA. Synthetic double-stranded RNA (dsRNA) is
infected into a cellular system, resulting in activation of an RNA-induced silencing com-
plex (RISC) that unwinds the double-stranded RNA, leaving the complementary, anti-
sense strand of RNA within the activated RISC, which then targets and degrades mRNA
whose sequences are homalogous to those of dsBNA within the cell. This endogenous
mechanism of gene regulation results in the silencing of specific genes and can be utilized
by producing synthetic small interfering RNAs (siRNAs) that targer specific mANA. Sev-
eral agents are being developed using this technology. Oneapproach is 1o target VEGF-A
mRNA (bevasiranib; Opko, Miami, FL} to prevent the production of VEGF-A. Another
approach is 1o target production of the VEGF receptor mRNA (Sirma-027; Merck, Aller-
gan). Sirna-027 targets site 349 of VEGF receptor | (VEGFR1) but not VEGF receptor 2
{(VEGER2) and has been shown to reduce levels of VEGFRI in vitro and in vivo in a mu-
rine madel. Both bevasiranib and Sirna-027 are in dinical testing.
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Small-molecule receptor tyrosine kinase inhibitors (rTKi) that target all VEGF recep-
tors are being developed. Vatalanib (PTK787: Novartis, Basel, Switzerland) is a potent in-
hibitor of all known VEGF receptor tyrosine kinases (VEGFR1, VEGFR2, and VEGFR3),
with a slightly greater potency against VEGFR1 and VEGFR2. Other rTKi are also in
clinical testing.

Bevacizumab (Avastin; Genentech, South San Francisco, CA) is a full-length mono-
clonal antibody versus VEGF that was approved by the FDA in February 2004 for the
treatment of metastatic colorectal cancer, It has recently been described with both off-label
intravitreal and 1V administration to treat patients with AMD. Both bevacizumab and
ranibizumab are made by Genentech, but there are some important differences between
the drugs: bevacizumab has 2 antigen-binding domains, whereas ranibizumab has only 1,
and the terminal half-life of bevacizumab in humans is 17-2] days. Because Fabs in gen-
eral have shorter systemic half-lives than full-length antibodies, it is reasonable to assume
that intravitreal injections of ranibizumab have a shorter systemic half-life than intravit-
real injections of bevacizumab. An uncontrolled study of bevacizumab in patients with
AMD suggests that it is efficacious and may be safe (no serious ocular or systemic adverse
events were reported), although some patients experienced mildly elevated blood pres-
sure. Additional studies evaluating bevacizumab versus ranibizumab are being planned
(Mational Eye Institute’s Comparison of Age-Related Macular Degeneration Treatment
Trial [CATT]).

Combination treatment CNV is a multifactorial condition that involves all the components
of a classic wound-healing response, including inflammation, angiogenesis, and fibrosis.
Thus, it is unlikely we can treat this condition with monotherapy. Similar to what is hap-
pening in cancer therapy, combining treatment modalities to combat AMD is being ex-
plored. Combination therapy with agents that have different modes of action may have the
potential for additive or synergistic effects. In general, combination therapy maximizes
the strengths and minimizes the weaknesses of individual medications.

In the last several years, PDT has often been used in conjunction with intravitreal tri-
amcinolone to reduce post-PDT inflammation in retinal tissues. Case series have shown
promising results, and the phase 3 VERITAS study is currently exploring this treatment as
well as PDT combined with Macugen.

The phase 2 RhuFab V2 Ocular Treatment Combining the Use of Visudyne to Evaluate
Safety (FOCUS) study investigated the combination of verteporfin PDT and ranibizumab
in patients with predeminantly classic CNV. FOCUS enrolled 162 patients who were ran-
domized 2:1 10 receive verteporfin followed by either ranibizumab 0.5 mg or a sham injec-
tion. After 12 months, 90% of eyes receiving combination therapy had lost less than 3 lines
of visual acuity, compared with 68% of those receiving verteporfin alone, More important,
patients treated with ranibizumab and verteporfin were significantly less likely 1o require
additional courses of PDT treatment than patients who received verteporfin alone, Unfortu-
nately, the study did not explore whether the number of ranibizumab injections could also
be decreased with combination therapy, Other combination trials with PDT and ranibi-
zumab are ongoing. Many physicians have already begun exploring other multifactorial ap-
proaches (0 AMD treatment with anti-VEGF drugs. For example, combining steroids with
anti-VEGF agents and even combining different anti- VEGF agents have been proposed.
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Other reatment modalities Other treatment modalities being studied in AMD are trans-
pupillary thermotherapy (TTT), radiotherapy, submacular surgery to remove subretinal
blood and/or the CNV, macular translocation, pneumatic displacement of hemorrhages,
and pharmacologic therapics. Macular translocation procedures have evolved over the
years, but, because of limited efficacy and safety data, as well as the introduction of anti-
VEGF agents, they have not been used to any appreciable degree. The Submacular Surgery
Trials reported no benefit 1o surgical removal of CNV in AMD. The Transpupillary Ther-
motherapy for CNV (TTT4CNV) Trial reported no benefit over sham administration of
TTT in occult with no classic CNV measuring less than 3000 pm in size. Studies with
radiation therapy are ongoing.

Other management considerations The fellow eye of an individual with unilateral neo-
vascular maculopathy is at high risk of developing CNV, especially if it shows evidence
of multiple drusen, large drusen, or focal clumps of hyperpigmentation of the RPE, or il
the patient has definite systemic hypertension. If CNV does develop in the second eye,
the patient is likely to become legally blind with or withoul treatment (o the second eye,
However, if CNV does not develop in the fellow eye, the average visual acuity of the fellow
eye is likely to remain 20/40 or better over a 5-year period, even with drusen and abnar-
malities of the RPE. When central vision in both eyes is significantly affected by AMD, the
patient’s functional abilities may be improved through low vision rehabilitation and use of
optical and nonoptical devices (see BCSC Section 3, Clinical Optics).
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Other Causes of Choroidal Neovasculas

Ocular Histoplasmosis Syndrome

Infection with the yeast form of the fungus Histoplasma capsulatum is endemic to certain
areas of the United States, including states containing the Mississippi and Ohio river val-
leys. The fungus is carried on the feathers of chickens, pigeons, and blackbirds, as well as
in droppings from infected bats. Humans inhale the funglls_ which is then disseminated
into the bloodstream. The systemic infection eventually subsides, leaving ocular scarring.
Most of the visual symptoms occur years after initial infection.

The condition, ecrlar histoplasmosis syndrome (OHS), has also been called presumed
ocilar hf,s.fup!:ismusis ;i}'mirmrw (POHS) because the causal relationsh lpbetween the fung'us
and the eye disease has been considered tenuous; however, the relat i|:||'|h|1.:i;'9I is hlll‘pt:lﬂl:l.l
by epidemiologic and histopathologic data. For example, more than 90% of patients with
the typical fundus appearance have a positive skin reaction to intracutaneous histoplas-
min, and the highest prevalence of OHS is found where the population has the great-
est percentage of positive skin reactors. In one community with endemic histoplasmosis
(59% of the total population with positive skin tests), the characteristic peripheral lesions
of OHS occurred in 2.6% of the total population surveyed and in 4.4% of the positive re-
sponders to the histoplasmin skin test. Only 1 individual with peripheral lesions showed
disciform macular disease. The organism has been identified histologically in the choroid
in 5 patients with OHS. Nevertheless, other etiologies besides H capsulatum may produce
a similar phenotypic picture.

There are 4 signs of OHS:

1. punched-out chorioretinal lesions (histo spots)
2. juxtapapillary atrophic pigmentary changes

3. no vitritis

4. CNV

The clinical appearance of OHS includes small, atrophic, punched-out chorioretinal scars
in the midperiphery and posterior pole (histo spots), linear peripheral atrophic tracks, and
juxtapapillary chorioretinal scarring with or without CNV in the macula (Fig 4-15). The
changes are bilateral in over 60% of cases. No vitreous inflammation appears. Most pa-
tients with OHS are asymptomatic until they develop CNV. Visual loss, metamo rphopsia,
and paracentral scotomata are the sequelae of CNV. If CNV s suspected, patients should
undergo FA so the size, location, and characteristics of the CNV can be determined and
appropriate treatment begun. Features similar 1o those of OHS, including the development
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of CNV; occur in many other types of diseases, including multifocal choroiditis, birdshot
choroidopathy, acute posterior multifocal placoid pigment epitheliopathy, and diffuse uni
lateral subacute neuroretinopathy (DUSN), as discussed in BCSC Section 9, Intraocular

Inflammation and Uveitis

Management of OHS

The MPS has shown that untreated eyes with OHS and extrafoveal CNV have a cumula
tive risk of severe visual loss (losing at least 6 lines of vision) of 44% at 5 years, Photoco
agulation of the CNV lesion reduces the risk to 9%. The MPS has also shown treatment
to be beneficial for juxtafoveal CNV. Although the initial visual acuities at the time of
randomization r.lngull from 20020 (o 200400, after 5 vears the proportion of eyes with se

vere visual acuity loss was 28% in the untreated group and 12% in the treated group. Even
when the CNV originates from a peripapillary scar or when photocoagulation is used in
the retina nasal to the fovea or in the papillomacular bundle, treatment is beneficial com

pared to observation.

As with AMD, recurrent CNV represents a significant ongoing risk to central vision

following effective photocoagulation in OHS. Unlike AMD, however, OHS has not been
shown to benefit from laser treatment that involves the foveal ¢enter in either new or
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recurrent subfoveal CNV lesions. Although small, shoet-term, uncontrolled case series of
submacular surgery of subfoveal histo CNV lesions have suggested possible benefits in vi-
sion oulcome, recurrence rales have remained hlgh after surgery and may lead to the loss of
anv treatment benefit. The Submacular Surgery Trials evaluated whether surgical removal
of these lesions is beneficial compared with observation over a period of 4 years, The study
found that in patients with vision 20/100 or better, submacular surgery was not beneficial,
Although patients with vision worse than 20/100 had an increased chance of retaining or
improving visual acuity for at least 2 years after surgery, there were risks, including a high
rate of recurrent CNV, cataract formation in older patients, and retinal detachment.

The Visudyne in Ocular Histoplasmaosis (VOH) Study was an uncontrolled case series
of 25 patients treated with verteporfin PDT. The study reported that PDT may limit vi-
sion loss in eyes with subfoveal CNV and OHS up 1o 4 years after initiation of treatment.
PDT with verteporfin is approved by the FDA for the treatment of CNV in OHS. Some
authors have also reported improved visual results using either systemic or injected cor-
ticosteroids, either alone or in combination with PDT. Finally, some authors have noted
improved results with submacular surgery and removal of the CNV after PDT when visual
acuity is poor. No randomized trials have proven the efficacy of these adjunctive treat-
meents, Finally, the off-label use of anti- VEGF agents. including pegaptanib, ranibizumab,
and bevacizumab, has been described.

If | eye has OHS with CNV or disciform scarring, the risk of visual loss in the fellow
eve is related to but not limited by the presence or absence of focal macular histo spots.
If no findings of OHS are present in the fellow eve. the risk is 1%. However. when peri-
papillary atrophy is present, the risk increases to 4%, and if focal macular histo spots are
present, the risk rises to 25%. Management of eyes with nonneovascular manifestations
of OHS consists of instructing patients to monitor their central vision, often with the
assistance of an Amsler grid, and evaluating patients promptly with FA if visual loss or
metamorphopsia occurs.

.'\ilhnugh eves without macular lesions have a much better Prognosis, new histo spols,
which represent an area where CNV may develop later, can develop in either the periph-
eral or macular region.

Halekamp NM. Thomas MA, Dickinson JI, Valluri 5. Surgical removal of subloveal choroidal
neovasqularization in presumed ocular histoplasmaosis: stability of early visual results. Oph-
thalmology, 1997 104:22- 26,

Martidis A, Miller DG, Ciulla TA, Danis RP. Morthy RS. Corticosteroids as an antiangiogenic

agent for histoplasmoss-related subfoveal chorpidal nervascularieation. | Ocul Pharmaood
Ther. 199915425428

Sapersiemn DA, Rosenfeld P, Bressler NM, et al Photodynamic therapy of subfoveal choroidal
neovascularization with verteporfin in the ocular histoplasmosis syndrome: one-year results
of an uncontrolled, prospective case series. Ophthalmology, 2002;109:1499-1505.

Idiopathic CNV

Patients may develop CNV and subsequent disciform scarring in the absence of any other
ophthalmoscopic abnormality or disease known to be associated with CNV. Such CNV
lesions are termed idiopathic and are currently viewed as a distinct group. These patients
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may represent a number of etiologies. including OHS without histo spots and AMD with-
out characteristic drusen or RPE abnormalities. The MPS showed that the benefits of laser
treatment for extrafoveal or juxtafoveal idiopathic CNV are consistent with the results
seen in larger samples in the trials studying extrafoveal or juxtafoveal CNV associated
with OHS or AMD. Likewise, PDT should be considered in cases of idiopathic subfoveal
classic CNV. Finally, the off-label use of anti- VEGF agents, including pegaptanib, ranibi-
rumab, and bevacizumab, has been described

Krypton laser photocosgulation for idiopathic neovascular lestons results of a randomized
clinical trial Macalar Photocoagulation Study Group. Arch Oplthalmol, 199(0;108:832-837

Persistent and necurrent neovascularization after krvpton laser photocoagulation for neovas
1

cular lesions of ocular histoplasmosis. Macular Photocoagulation Study Group. Arch Oph
thaimod. 1989107 344-152

HJL'ku:nh:r:_,' M. Schmidt-Erfurth U, Miller JW, #1 2l A preliminary study of photodynamic
therapy using verteporfin for choroidal neovascularization in pathologic myopia, ocu

lar histoplasmosis symdrome, angioid streaks, and idiopathic causes. Arch Ophthulmol
ML IS 32T =306

Angioid Streaks

Dark red to brown bands of irregular contour that radiate from the optic nerve head are
known as angioid streaks. They represent discontinuities or breaks in thickened and calci-
fied Bruch’s membrane. It is possible to confuse angioid streaks with retinal vessels until
their location Liﬂq,'“ to the retina is recngni?_ed (Fig 4-16).

Because the RPE overlving angioid streaks is often atrophic. the streaks appear hyper-
fluorescent (window defect) in the early phase of FA. A4 in other conditions with defects
in Bruch's membrane, choroidal neovascular ingrowth may occur, resulting in exudative
macular detachment and loss of central visual acuity. Fluorescein angiography is not re-
quired for diagnosis of angioid streaks but is vital 1o rule out CNV,

ent with pseudoxanthoma slgsticurm Shows angio
sral to the maculs, and focal drusenbke lesions

Figure 4-16 Fundus of pat
d'orange” appearance te
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The svstemic disease most commonly associated with angioid streaks is pseudoxan-
thoma elasticum (PXE), or Gronblad-Strandberg syndrome. PXE is predominantly an
autosomally recessive inherited disease due to mutation of the ABCCS gene located on
chromosome 16p13-1. Additional fundus findings in this condition include optic disc
drusen, peripheral round atrophic scars, and a lighter orange appearance against the
darker orange color of the normal RPE and choroid. At the interface between the abnor-
mal light color and the normal darker color, the fundus, shown in Figure 4-16, has a fine,
stippled appearance referred (o as peau d'orange (like “the skin of an orange”), Small round
subretinal depigmented dots, known as crystalline spots, are also frequently seen in the

midperiphery. They may also have an associated depigmented “comet tail”

Paget disease of bone, beta thalassemia, and sickle cell anemia (55) also may be associ
ated with angioid streaks, as may a number of ather, less common, systemic disorders such
as Ehiers-Danlos syndrome (this syndrome is discussed in a number of BCSC volumes; con-
sult the Master Index). Streaklike changes also appear to develop from degenerative factors
alone in some elderly patients. Any patient whose angioid streaks are more extensive than
would be seen in such elderly patients should receive a thorough workup for an associated
condition; however, some patients with streaks have no demonstrable systemic disease.

Angioid streaks usually are asymptomatic. Visual disturbances may occur if a streak
opens under the macula, resulting in subretinal hemorrhages, but these hemorrhages
often resolve spontaneously with no evidence of CNV. The most significant visual com-
plication of angioid streaks is the development of CNV from breaks in Bruch’s membrane.
Given that hemorrhages can occur without CNV, it is important to verify the presence of
CNV before considering treatment

No treatment is known 1o prevent this condition in eyes al risk. Uphi]]almu]{\glﬂs
may wish to extrapolate from the results of the MPS reports for CNV associated with
other etivlogles in considering laser treatment for CNV associated with angioid streaks.
In particular, thermal treatment is not appropriate for subfoveal lesions. Patients with ex-
trafoveal or juxtafoveal lesions being considered for treatment should understand that
results from the MPS reports may or may not apply to their particular circumstances, The
results would likely be more similar to CNV in AMD than to that in OHS, because angioid
streaks probably resemble a diffuse degenerative process like AMD more closely than they
do a focal degenerative process like OHS. PDT alone or in combination with other agents
may also be considered for eyes with subfoveal CNV, although no prospective clinical
study has addressed visual outcome in this setting, The off-label use of anti-VEGF agents,
including pegaptanib, ranibizumab, and bevacizumab, has also been described; however,
the risk of intravitreal injection in these eyes is not known. [n addition, patients should be
informed of the risk of recurrence. The use of safety glasses may be advisable for patients
with angioid streaks because their eyes are particularly susceptible to choroidal rupture
following even minor blunt injury.

Clarkson ]G, Altman RDL Angioid streaks Sury Ophthalmol. 1982;26:235-246
Lim 1, Bressler NM, Marsh M. et al. Laser treatment of choroidal neovascalarization in pa-
tients with angioid streaks. Am [ Ophihalmol, 1993:116:414-423.
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Pathologic Myopia

Myopia is the most common ocular abnormality, with 25% of the population of the United
States being myopic. In contrast, pathologic myopia, also known as high myopia or degen-
erative myopia, is uncommon, occurring in roughly 2% of the population. Incidence rates
are higher in Asians and lower in African Americans, Eyes with pathologic myopia have
progressive elongation of the eye, thus creating a propensity for thinning of the RPE and
choroid. The spherical equivalents of an eye with high myopia are more than —6.00 D, or
an axial length greater than 26.5 mm, whereas patients with pathologic myopia are more
than -8.00 D, or an axial length greater than 32.5 mm. Fundus manifestations in patho
logic myopia may include the following:

tilting of the optic disc
peripapillary chorioretinal atrophy

lacquer cracks—spontaneous ruptures of the elastic lamina of Bruchs membrane
that appear vellowish white and are usually located in the posterior pole with linear
or stellate patterns (Fig 4-17) FA may be useful in detecting subtle lacquer cracks
isolated, round, deep subretinal hemorrhages that clear spontaneously and are usu-
ally due to the occurrence or extension of a lacquer crack and not to CNV
Firster-Fuchs spots—dark spots due to subretinal or intraretinal RPE hyperplasia,
presumably developing in response (o a small CNY that does not progress
posterior staphyloma—localized ectasia of the sclera, choroid, and RPE

elongation and atrophy of the ciliary body

gyrale areas of at rlrp]'q' of the RPE and choroid

®

cvstoid, paving-stone, and lattice Lll.'g('nr.'r.uu ¥

thinning or hole formation in the peripheral retina

thinning and rearrangement of the collagen layers of the sclera
« CNV

r features includ

owing visuahzation of choroidal vessels
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CNV in myopia

CNV may develop in 5%- 10% of eyes with an axial length of more than 26.5 mm, often
in conjunction with widespread chorioretinal degeneration and lacquer cracks in the
posterior pole. The ophthalmologist considering laser treatment for CNV outside the
foveal center that is associated with pathologic myopia may extrapolate with caution
from the results of the MPS reports for CNV associated with other etiologies. In addi-
tion, a small, prospective randomized trial investigating treatment of lesions outside
the foveal center, performed in France, documented a short-term benefit of laser treat-
ment in myopic eyes, Laser treatment is not appropriate for subfoveal lesions. PDT of
subfoveal lesions in eyes with pathologic myopia was investigated in the VIP Patho-
logic Myopia Trial. This randomized trial found a benefit in preventing visual loss with
PDT up to 3 years after initiating treatment. PDT alone or in combination with other
agents is strongly recommended for these eyes and has received FDA approval because
the treatment reduces rates of mild and moderate visual loss. PDT should also be con-
sidered in patients with juxtafoveal lesions because of scar creep after laser photoco-
agulation that may involve the fovea months to vears after previously successful laser
treatment. The off-label use of anti-VEGF agents, including pegaptanib, ranibizumab,
and bevacizumab has been described,

Patients who are being considered for extrafoveal (or, with extreme caution in
selected cases, juxtafoveal) thermal photocoagulation should understand that results
from the MP$ reports may not apply to their own circumstances. In general, however,
the results might be more similar to those obtained in eyes with CNV associated with
AMD than in eyes with CNV associated with OHS because pathologic myopia prob-
ably more closely resembles a diffuse degenerative process like AMD than it does a
focal degenerative process like OHS. However, unlike with AMD and more as with
OHS, the CNV lesions in pathologic myopia may stabilize without significant visual
loss. In addition, patients should be aware of the continuing risk of recurrence, with
the understanding that PDT will be strongly considered if subfoveal recurrent disease
develops. Finally, it is worth noting that expanding RPE atrophy, which can develop
around the laser lesion resulting from any kind of CNV. may occur more frequently
and to a greater extenl in eyes treated for pathologic myopia. Visual loss may accom-
pany this expanding atrophy.

Blinder KI, Rlumenkranz MS, Bressler NM, et al. Verteparfin therapy of subfoveal choroidal
neovascularization in pathologic myopia: 2-vear resubts of 2 randomized clinical trial. ViP
report 3. Ophthalmology. 2003;110:667-673.

Hampton GR, Kohen D, Bird AC. Visual prognosis of disciform degencration in myopia, Oph-
ihalmology. 1983,90:923-924,

Tabandeh H, Fiynn HW, Scott 111 et al. Visual pcuity outcomes of patients 50 yvears of age
and older with high myopia and unireated choroidal neovascularization. Ophthalmology.
1909, 1(16: 2063 - 2067

Verteporfin in Photodynamic Therapy Study Group, Photodynamic therapy of subfoveal cho-
roidal neovascularization in pathologic myopia with verteporfin: 1-vear results of a random-
ized clinical trial, VIP report 1. Ophihalmology. 2000:108:841-852.
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Table 4-2 Conditions Associated With CNV

Degenerative
Age-related macular degeneration
Myopic degeneration
Angioid streaks

Heredodegenerative
Vitelliform macular dystrophy
Fundus flavimaculatus
Optic narve head drusen

Inflammatory
Ocular histoplasmaosis syndroma
Multifocal chorosditis
Serpiginous choroiditis
Toxoplasmosis
Toxocariasis
Rubelia
Vogt-Koyanagi-Harada syndrome
Behget syndrome
Sympathatic ophthalmia

Tumor
Choroidal nevus
Choroidal hemangioma
Metastatic choroidal tumors
Hamarioma of the RPE

Traumatic
Charaoidal rupture
Intense photocoagulation

Idiopathic

Miscellaneous Causes of CNV

CNV may complicate a variety of conditions that damage Bruchs membrane, including
choroidal rupture, optic disc drusen, and a number of other diseases listed in Table 4-2.
In general, the ophthalmologist deciding whether to extend the results of the MPS reporis
to CNV from these other causes should probably avoid treatment involving the foveal
center but consider treating lesions outside the foveal center. Both the ophthalmologist
and the patient must understand that because the natural histories are different for CNV
of different etiologies, the exact risks and benefits for a particular circumstance may not
be analogous to those in the MPS reports, Following laser treatment, all patients must be
carefully monitored for recurrent disease.

Vitreoretinal Interface Abnormalities
Epiretinal Membranes

An epiretinal membrane (ERM) is a semitranslucent, avascular, fibrocellular membrane
on the inner retinal surface along the imernal limiting membrane (ILM) of the retina.
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Vitreomacular Traction Syndrome

Vitreomacular traction syndrome (VMT) occurs when there is incomplete scparation of
the posterior vitreous at the macula. The incomplete separation and abnormal adherence
of the vitreous that remains atiached to the posterior pole leads to traction on the macula.
In particular, not known whether vitreomacular adhesion is primary or secondary to
cellular proliferation induced by partial vitreous detachment. In VMT, abnormal opaci-
ties may be present in the vitreous overlying the macular region, usually associated with

traction on that region and the optic nerve (Fig 4-19). As with ERMs, the macular region
may become distorted, cvstic, or tented anteriorly with a shallow detachment, although
no ERM is seen (Fig 4-20). Angiography may demonstrate leakage of fluorescein dye from
retinal vessels in the macular region as well as from the optic nerve. OCT is useful 1o dem-
onstrate the vitreoretinal interface abnormalities and the traction of VMT. The condition
mav be bilateral

Vitrectomy may be considered if a patient’s vision is noted to decrease. Although the
long-term risks and benefits of vitrectomy for VMT are unknown, they are believed to be
similar to those of surgery for ERMs (see Chapter 15). Spontaneous separation of the focal
vitreoretinal adhesion may occur. with resolution of all clinical features. With the advent
of OCT, it has been found thal more than half of these cases are limited to vitreous adhe-
sions to the foveola, inducing focal cystic edema. These patients respond well to surgery.

Hikichi T, Yoshida A, Trempe CL. Course of vitreomacular traction

yoddrome. Am | Op

mol. 1995

561

lohnson MW, Tractional cvstoid macular edemac 2 subtle varani of the vitreomacular traction

syndrome. Am | Oy
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Idiopathic Macular Holes
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in | eve and o normal fellow eye with an attached posterior vitreous probably have an
intermicdiate risk of developing vitreomacular interface abnormalities in the second eye

over their liletimes

Management options

lvestigators in a collaborative multicenter trial that was set up to assess the benefit of
vitrectomy in preventing macular holes suggest that surgery should probably not be rec-
ommended for stage | maculur holes because of the high rate of spontaneous resolution
{approximately 50%) and the failure of surgery to demonstrate 2 benefil. The study was
limited by a small sample size and the difficulty, in the absence of OCT, of documenting
stage | holes 10 ensure that investigators adhered to the eligibility criteria. Spontaneous
resolution of more advanced stages ol macular holes (stages 2-4) secondary to Fihmg]ial
tissue profiferation on the retinal surface or as o result of RPE hyperplasia occurs rarely
(in 5% or less of cases), Most cases do not spontaneously resolve and should be consid-
ered for vitrectomy surgery. The first series of patients undergoing vitrectomy for idio-
pathic macular hole was reported in 1991, In 58% of eyes, the hole was closed; in 42%,
visual acuity improved by 2 lines or more. Subsequent series have reported hole closure
rates after vitrectomy as h!gh as 92% 1 00%. See L'.h;iph:;r 15 for discussion uf\'ilrcctnm_\'
fior macular holes.

Chew EY, Sperdute BRI, Hiller R, et al. Clinical course of magular holes: the Eve Dhsease Case
Control Siady, Arch Ophthalmol. 1994911 7242~ 246

e Busteos 5 Vitrectomy for prevention of macular boles tedults of a randemized multicénter
clinical irfal, Vitrectomy for Prevention of Macolar Hole Study Group Ophthabmology
P10 055~ 1059

Hanuchane B, Massin P, Gaodric A Foveal psewndocyst as the first stepin macukar hole formation:
i prospeclive stuicly by optical coberence tomography. Opithaieoslsgy, 20001 08:]5-22

lohnson MW, Van Newkitk MR, Mever KA. Perifoveal vitreous' detachment is the pri-
muary pathogenic event in idiopathic macudar hole formation. Arch Oplthalmoel 2001
119:215-222

Spaide RF. Closure of an outer lamedlar macular hole by vitrectomy: hvpothesis for one mecha:

riiermn of macular ole formation. Refi, J00020:-587-3%)

Valsalva Retinopathy

A sudden rise in intrathoracic or intraabdominal pressure {such as accompanies cough-
ing, vomiting, lifting, or straining for 1 bowel movement) may raise intraocular venous
pressure sufficiently to rupture small superficial capillaries in the macula. The hemor-
rhage is typically located under the ILM, where it may create a hemorthagic detachment
of the ILAL Vitreous hemorrhage and subretinal hemorrhage may be present. Vision is
usually only mildly reduced and the prognosis is excellent. with spontancous resolution
usually occurring within months after onset. The differential diagnosis of Valsalva reti
nopathy includes posterior vitreous separation, w hich may cause an identical hemorrhage
or a macroaneurysm. Therefore, in all cases. @ peripheral retinal tear or an aneurvsm
along an arteriole must be ruled putl
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Purtscher Retinopathy and Purtscher-like Retinopathy

Following acute compression imjuries to the thorax or head, a patient may experience vi-
sual loss associated with Purtscher retinopathy in | or both eves. | Ay cotlon wo| sprts,
hemorrhages, and retinal edema are found most commonly surrounding the optic disc,
and FA shows evidence of arteriolar obstruction and leakage (Fig 4-22). Occasionally,
patients present with disc edema and an afferent pupillary defect. Vision may be perma-
nently lost from this infarction, and optic atrophy may develop

Purtscher retinopathy is thought to be a result of injury-induced complement activa
tion, which causes granulocyte aggregation and leukoembuolization, This process in turn
occludes small arterioles such as those found in the peripapillary retina.

Even in the shsence of trauma, various other conditions may activate complement
and produce a similar fundus appearance. Because Purtscher’s original description
involved trouma. cases with similar fundus findings are termed Purtscher-like reti
mapathy (Table 4-3). For example, the retinopathy associated with acute pancreatitis,
which #ppears identical 1o traumatic Purtscher retinopathy, is probably also caused
by complement-mediated lenkoembolization. Other conditions that may cause these
changes include collagen-vascular diseases (such as systemic lupus erythematosus),
childbirth, and amniotic {luid embolism

Fat embolism following crushing injuries or long-bone fractures may cause similar
retinal findings. Usually, intraretinal hemorrhages are scattered in the paramacular area,
and the cotton-wool spots of fat embolism are generally smaller and situated more periph-
erally in the retina than they are in Purtscher retinopathy.
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Table &3 Conditions Associated With Purtscher or Purtscher-Like Retinopathy

Trauma
Head injury
Chest compression
Leng-bone fractures (fat embolism syndiome)
Apute pancreatitis
Chronic renal failure
Autoimmune diseases
Systemic lupus erythematosus
Thrombaotic thrombooytopenic purpura
Scleroderma
Dermatomyositis
Spogren syndrome
Ammniotic fluid embolism
Retrobulbar anesthesia
Orbital steroid injection

Modified from Regillo CD. Posterior segment manifestations of systemic trauma, In: Regilio CD, Brown
GC, Flynn HW Jr. eds. Vitreoretinal Disease: The Essentials. New York: Thieme; 1985:538.

Terson Syndrome

Terson syndrome is recognized as vitreous and sub-1LM or subhyaloid hemorrhage caused
by an abrupt intracranial hemorrhage. Although the exact mechanism is not known, it is
suspected that the acute intracranial hemorrhage causes an acute rise in the intraocular
venous pressure, resulting in a rupture of peripapillary and retinal vessels. Approximately
one third of patients with subarachnoid or subdural hemorrhage have associated intra-
ocular hemorrhage, which may include intraretinal and subretinal bleeding. Terson syn-
drome occurs mostly in individuals between 30 and 50 years old, but it can occur at any
age. In most cases, visual function Is unaffected once the hemorrhage clears. Spontaneous
improvement generally occurs, although vitrectomy is occasionally required to clear the
ocular media.

Gass [DM. Stercoscopic Atlas of Macular Diseases; Diagnosis amd Treatmment. 4th ed. St Louis:
Moshy; 1997:452-455,

The authors wish to acknowledge the contributions of Kang Zhang, MD, to this chapter.

CHAPTER 5

Retinal Vascular Disease

Systemic arterial hypertension, which is defined as systolic pressure of >130 mm Hg
or diastolic pressure of >85 mm Hg. affects more than 65 million Americans. Together
with heart, kidneys, and brain, the eye is a target organ of systemic hypertension. Ocular
effects of hypertension can be observed in the retina, choroid, and optic nerve. Retinal
changes can be described and classified by ophthalmoscopy and angiography. Recogni-
tion of these posterior segment vascular changes by the ophthalmologist may prompt
the initial diagnosis of hypertension and alert the patient to potential complications
from this condition. BCSC Section 1, Updare on General Medicine, discusses hyperten-
sion in detail, including several tables that describe drugs and drug interactions with
antihypertensive therapy.
Hyman BN, Moser M. Hyperiension update, Sirv Opitfalmol. 1996:41:79-89.
Kim SK, Mieler WF, Jakoblec F Hypertension and is ocular manifestations. ln: Albert DM,
Miller W, Azar DT, Blodi BA, eds. Albert & Jakobiecs Principles and Practice of Ophthalmol-
ogy. 3rd ed. Philadeiphia: Saunders: 2008:chap 320.

Hypertensive Retinopathy

Hypertension affects precapillary arterioles and capillaries, anatomical loci of autoregu-
lation and nonperfusion. An acute hypertensive episode may produce focal intraretinal
periarteriolar transudates (FIPTs). FIPTs arc at the precapillary level and, therefore, are
deeper, smaller, and less white than cotton-wool spots, which correspond to ischemia in
the superficial radial capillary net (Fig 5-1). Uncontrolled systemic hypertension leads
to nonperfusion at various retinal levels and 10 neuronal loss and related scotomata.
Other, more chronic hypertensive retinal lesions include microaneurysms, intraretinal
microvascular abnormalities (IRMAs), blot hemorrhages, hard exudates, venous bead-
ing, and new retinal vessels; the latter 2 are signs of an ischemic retinopathy. The re-
lationship between hypertensive vascular changes and the changes of arteriosclerotic
vascular disease is complex, with great variation related to duration of hypertension,
dyslipidemia, age, and a history of amnking. Hence, dlassification of retinal vascular
changes caused strictly by hypertension is difficult. The often-cited focal arteriolar
narrowing and arterial venous nicking are related to vascular sclerosis and have been
shown to have little predictive value for actual hypertension. One historic classification

107

Regeneron Ex. 2019
Fresenius v. Regeneron
IPR2025-01269

Page 36 of 73



108 » Retina and Vitreous
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Figure 5-1
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of mastly arteriolosclerotic retinopathy is the Modified Scheie Classification of “F lyper-

tensive Retinopathy™:

Grade 0 No changes

Grade | Barely detectable arterial narrow ing
Grade 2 Obvious arterial narrowing with focal irregularities
Grade 3 Girade 2 plus retinal hemorrhages and/or exudates

Grade 4 Grade 3 plus disc swelling

Munidava N, Yannuzal LA. Hypertensive retinopathy. In: Regillo C1, Brown GC, Flvnn HW Jr,
eds. Vitroovetinal Diseaie: The Essentiale. New York: Thieme; 199%:193- 196,
Schubert HD. Ocular manifestations of svstemic hypertension. Curr Opin Opithalimol 1998;

9:69-72,

Hypertension may be complicated by branch retinal artery occlusion (BRAO), branch
retinal vein occlusion (BRVO), central retinal vein occlusion (CRVO), and retinal arterial
macroaneurysms (all are discussed later in the chapter). lschemia secondary to BRVO may
result in neovascularization of the retina, preretinal and vitreous hemorrhage, epiretinal
membrane formation, and tractional retinal detachment. The coexistence of hypertension
and diabetes mellitus results in more severe retinopathy because precapillary and capillary

insult act in combination

Klein R, Klein BE. Moss SE. Wang Q. Blood pressure. hypenension and retinopathy in a popu-
labinen, Traaens Arri ( aliiol Soc, 1993:91:207-226
Murphy RF, Lam LA Chew EY. Hypertension. In: Ryvan 5], Hinten DR, Schachat AP, Wilkinson

CP eds. Retima. 4th od. Philadelphia: Elsevier/Muoshy; 2006:1377-1382.

Hypertensive Choroidopathy

Hypertensive choroidopathy typically occurs in voung patients who experience an episode
of acute hypertension associated with |‘r1;|.'-.'liu1l.p3i<1. ;.‘n."..il'l'l|.1.'.1.|.. phcm|1n||'|]u|_'um]1;3, or
renal |1'|';'t'l tension. Lobular nonperfusion of the chorioe .1|1;||.1r1\ may occur and initially
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Figura 65:2 Elschnig apots e W Fly

result in a tan, lobule-sized patch that, in time, becomes hyperpigmented and surrounded
by a margin of hypopigmentation known as Elschnig spots (Fig 5-2). Linear configurations
pearing hyperpigmentations that follow the meridional course of choroidal
atients with acute, uncontrolled hypertension are known as Siegrist sireaks.

of similar-

arteries in px
Fluorescein angiography shows focal choroidal hvpoperfusion in early phases and multiple

subretinal areas of leakage in late phases (Fig 5-3). Focal retinal pigment epithelium (RPE)
detachment

ay occur, and extensive bilateral exudative retinal detachments may develop

On rarg OoCasHins.

Hypertensive Optic Neuropathy

Depending less on the degree than the chronicity of the hypertension, hypertensive optic
neuropathy has a variable presentation. Patients with severe hypertension may have linear
peripapillary flame-shaped hemorrhages, blurring of the disc margins, florid disc edema with
secondary retinal venous stasis, and macular exudates {Fig 5-4). The differential 1h.|.pr1u-h mn
patients with this clinical appearance includes diabetic p.lp|||.|]*.ﬁh\' radiation retinopathy,

CRVO, anterior ischemic optic neuropathy, and neuroretinitis. Treatment of systemic arterial

hypertension is essential in reducing or reversing these oc ular manifestations of the disease

Diabetic Retinopathy

A frequent cause of blindness in the United States, diabetic retinopathy is the leading
catse in patients aged 20-64 years. For additional information concerning evaluation and
treatment of diabetic retinopathy, see the following selected Academy materials.

[heaetse: Past, Presest, amnd Fritiire Therapies

Flynn HW Jr. Smiddy WE, eds. | ties cind Olewl

(I|'|1'4'|||||ui|>|,ll'| Monograph 14. San Francisco: American fackemy of Odpshithalmology: 20880

San Frandisco

Preferred Practice Patlierns Committee, Retina Panel, [Mabetic Retn

American Academy of Ophthalmaology; 2003
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over 40 years of age was higher among non-Hispanic blacks (27%) and Mexican Ameri-
cans (33%) than among non-Hispanic whites (18%).

Harris ML, Klein R, Cowic CC, Rowland M, Byrd-Holt DI s the risk of diabetic retinopathy
greater in non-Hispanic blacks and Mexican Americans than in non-Hispanic whites with
type 2 diabetes? A US. population study. Diabetes Care. 1998:21:1230-1235.

Kicin R, Klein BE. Moss SE. Davis MD, Demets DL The Wisconsin Epidemiologic Study of
Diabetic Retinopathry. IL Prevalence and risk of diabetic retinopathy when age at diagnosis
s less than 30 years. Arch Ophthalmol. 1984:102:520-526.

Pathogenesis
The exact cause of diabetic microvascular disease is unknown. It is believed that exposure
to hyperglycemia over an extended period results in a number of biochemical and physi-
include selective loss of pericytes and basement membrane thickening, which favor cap-
illary occlusion and retinal nonperfusion, as well as decompensation of the endothelial
barrier function, which allows serum leakage and retinal edema to occur.

A large number of hematologic and biochemical abnormalities have been correlated
with the prevalence and severity of retinopathy:

« increased platelet adhesiveness

« increased erythrocyte aggregation

« abnormal serum lipids

« defective fibrinolysis

+ abnormal levels of growth hormone

+ upregulation of vascular endothelial growth factor (VEGF)

+ abnormalities in serum and whole blood viscosity

However, the precise role of these abnormalities —individually or in combination—in the
pathogenesis of retinopathy is not well defined.

Conditions Associated With Potential Visual Loss From Diabetic Retinopathy
Potential visual loss in patients with diabetic retinopathy can be associated with the fol-
lowing conditions:

» macular edema (capillary leakage)

« macular ischemia (capillary occlusion)

= sequelae from ischemia-induced neovascularization
Each of these topics is discussed in this chapter, with specific reference drawn to related
clinical trials. Issues pertaining to medical treatment, laser therapy, and surgical treatment
are addressed.

Classification of Diabetic Retinopathy and Disease Progression

Diabetic retinopathy is classified into an early stage, nonproliferative diabetic retinopathy
{NPDR), and a more advanced stage, proliferative diabetic retinopathy (PDR). This latter

cuarTER 5 Retinal Vascular Disease » 113

stage is a manifestation of ischemia-induced neovascularization from diabetes. The pro-
gression from mild stages of the discase to advanced proliferative changes occurs in a pre-
dictable stepwise fashion. The pace of the progression varies among patients. NPDR, also
known as background diabetic retinopathy, is further graded into mild. moderate, severe,
or very severe. PDR is described as early, high-risk, or advanced.

Nonproliferative diabetic retinopathy
Retinal microvascular changes that occur in NPDR are limited to the confines of the
retina and do not extend beyond the internal limiting membrane (ILM). Characteristic
findings in NPDR include microanenrysms, areas of capillary nonperfusion. nerve fiber
layer (NFL) infarcts, IRMAs, dot-and-blot intraretinal hemorrhages, retinal edema, hard
exudates, arteriolar abnormalities, and dilation and beading of retinal veins. NPDR can
affect visual function through 2 mechanisms:

+ increased intraretinal vascular resulting in macular edema

= variable degrees of intraretinal capillary closure, resulting in macular ischemia

Chew EY. Ferms FL [11. Nonproliferative diabetic retinopathy. In: Ryvan 51, Hinton DR, Schachat

AP, Wilkinson CP. eds. Retina_ 4th ed. Philadelphia: Elevicr/Mosby; 2006:1271-1284.

Diabetic Macular Edema

Retinal edema threatening or involving the macula is an important visual consequence of
abrormal retinal vascular permesbility in diabetic retinopathy (Fig 5-5). The diagnosis of
diabetic macular edema (DME) is best made by slit-lamp biomicroscopy of the posterior
pole using a contact lens. Important observations include

« location of retinal thickening relative to the fovea

« presence and location of exudates

= presence of cystoid macular edema

Fluorescein angiography is useful in demonstrating the breakdown of the blood-reti-
nal barrier by showing retinal capillary leakage. However, angiography should not be used
to evaluate for the presence of macular edema, as this should be primarily a slit-lamp
biomicroscopic diagnosis. Simple leakage on the angiogram may not always be associated
with retinal thickening in the macular area.

DME may manifest as focal or diffuse retinal thickening with or without exudates.
Although an overlap of categories often occurs, 2 general categories of macular edema—
focal and diffuse—have been described. Focal macular edema is characterized by areas of
focal fluorescein leakage from specific capillary lesions (Fig 5-6A. B). It may be associated
with rings of hard exudate derived from plasma lipoproteins that appear to emanate from
microaneurysms. Resorption of fluid components results in precipitation of lipid residues,
usually in the outer and inner plexiform layers but occasionally beneath the sensory refina
itself. These residues are the white 1o yellow deposits described as hard exudares. Diffuse
macular edema is characterized by widespread retinal capillary abnormalities associated
with diffuse leakage from the extensive breakdown of the blood - retinal barrier and, often.
with cystoid macular edema (Fig 5-6C, D).
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Outcorne variables: Visual acuity less than 5200 for a1 least 4 months:
visual acuity worsening by doubling of initial visual angle leg, 20/40 10
20/801; retinopathy progression.
Aspirin use results;
1, Aspirin use did not alter progression of diabetic retinopathy.
2 Aspirin use did not increase nisk of vitreous hemorrhage.
3. Aspirin use did not affect visual acuity.
4. Aspirin use reduced risk of cardiovascular morbidity and
mortality.
Early scatter photocoaguiation results; LINICALLY SIGNIE
1. Early scanter photocoagulation resulted in a small reduction in the
risk of severe visual loss (<5/200 for at least 4 months).

2. Early scatter photocoagulation is not indicated for eyes with mild Figure 57 Clinically ssgnificant mieculsr edema (CSME)L Retinal edemna locatad at o within
o moderate diabetic retinopathy. 500 um of the center of the Macula. Cowmsy of te ETORS )

3. Early scatter photocoagulation may be most effective in patients
with type 2 diabetes.

Macular edema resulls:
1. Focal photocoagulation for DME decreased risk of moderate wi-
sual loss (doubling of initial visual anglel.
2. Focal photocoagulation for DME increased chance of moderate
visual gain (halving of initial visual angle).
3. Focal photocoagulation for DME reduced retinal thickening.
Present stalus: Study completed.

The ETDRS defined dinically significant macular edema (CSME) and recommended
ireatment with focal laser photocoagulation for the following:

= retinal edema located al or within 500 pm of the center of the macula (Fig 3-7) SN : ) e 0 . e s

« hard exudates at or within 500 pm of the center if associated with thickening of E’rﬁ.:::cemr;ghlf :‘__: ::;:::Tlf:tﬁ;f.:ﬁ;::_.g,- ,-:I;-_-u.xnk canter of the macuta if associan
adjacent retina (Fig 5-8)

= a zone of thickening larger than 1 discarea if located within 1 disc diameter of the
center of the macula (Fig 5-9)

Results of laser treatmeat of DME The ETDRS demonstrated that eves with CSME bene-
fited from focal argon laser photocoagulation treatment when compared 1o untreated eyes
in a control group. Treatment for CSME reduced the risk of MVL, increased the chance of
visual improvement, and was associated with only minor losses of visual field (Fig 5-10).
Eyes without CSME showed no significant difference between treated eyes and control
eyes during the first 2 years. In clinical practice, therefore, treatment of such eyes can be
delayed until progression of edema threalens the center of the macula. To date, focal laser
is the only proven long-term treatment for DME.

For patients with CSME who are asymptomatic and have normal visual acuity, decid-
ing when to begin treatment is sometimes difficull. The decision may be influenced by the

Figure5-9 CSME A zone of thickening larger than | disc ares if located within 1 disc diarmetes
of the center of the matula. Couresy of e ETDRS)
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Figwrs 510 Photocoagulation results from the ETDRS. Dotted knes depsct treated group;
sobd ines indicate control group. A, Visual acuty results (&l eyes with macular egema). Photo-
coaguiation for cinically significant macular edema reduces the nisk of moderate visual loss by
50% . B, Improvement n wisual acuty imorne than 1 linel, initial acuity worse than 20/40. Laser
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proximity of exudates to the fovea, the status and course of the fellow eve, anticipated cala-
ract surgery, or the presence of high-risk PDR. It is preferable to initiate photocoagulation
for DME before scatter photocoagulation for high-risk PDR. Likewise, it is preferable 1o
treat DME prior to cataract surgery because of the potential progression of retinopathy
after surgery. The ETDRS also demonstrated that subretinal fibrosis occurred less often in
laser-treated eyes than in untreated control eyes. Subretinal fibrosis was associated with
the presence and severity of retinal hard exudates in the macula. Table 5-1 lists the side

Focal photocoagulation treatment of diabetic macular edema: relationship of treatment of-
fect 1o fluorescein sngiographic and other retinal characteristics at baseline. ETDRS re-
port 12, Early Treatment Diabetic Retinopathy Study Research Group. Arch Ophthalmol
1995:1 131 144-1155.
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Table 5-1 Focal Laser Photocoagulation: Side Effects and Complications

Modified from Kim JW, Al E. Diabetic retinopathy. in: Regillo CD, Brown GC, Flynn HW Ji, eds. Vitreoresinal

Medical management of DME
In patients with refractory DME, a posterior sub-Tenon injection of triamcinolone aceto-
nide improved visual acuity at Imonth and stabilized vision up to 1 year in a retrospective,
interventional case serics. A rise in intraocular pressure (IOP) was rare, as was plosis.
Similarly, in patients with refractory CSME, intravitreal administration of cortico-
steroids was shown to modesily improve vision in the short term and reduce macular
thickness for up to 2 vears of follow-up. Progression of cataract and elevated 1OP were
commaon but were felt to be manageable. Endophthalmitis was rare. Currently. clinical tri-
als are investigating the efficacy of several drug delivery modalities for treating DME. In
the future, corticosteroids and anti-VEGF agents may be beneficial.

kar edema. Am | Ophthalmol. 2005;139:200-294.

Chun DW, Heier 15. Topping TM. Duker 15, Bankert [M. A pilot study of multiple intravitreal
tnjections of ranibiremab in patients with center-involving dinically significant diabetic
macular edema. Ophthaimology 2006:113:1706-1712

Galllies MC, Sutter FK. Simpson M, Larsson 1. Ali H. Zhu M. Intravitreal iriamcinolone for re-
fractory diabetic macular edema: two-year nesults of a double-masked, placebo-controlied,
randomized clinical trial Opkthalmology: 2006:113:15333- 1538,

Surgical management of DME
Pars plana vitrectomy and detachment of the posterior hyaloid may also be useful for
treating DME, particularly when there is evidence of posterior hyaloidal traction and dif-
fuse DME.
Kaiser PK. Riemann CD, Sears JE, Lewis H. Macular traction detachment and disbetic maculsr
edema associated with posterior hyaloidal traction. Am [ Oplithalmol 2001:131:44-49.

Diabetic Macular Ischemia

Retinal capillary nonperfusion is a feature commonly associated with progressive NPDR.
Fluorescein angiography can show the extent of capillary nonperfusion. The foveal avas-
cular zone may become irregular and enlarged because of nonperfusion of the marginal
capillaries. Microaneurysms tend to cluster at the margins of zones of capillary nonperfu-
sion. Closure of retinal arterioles may result in larger areas of nonperfusion and progres-
sive ischemia. Evidence of enlargement of the foveal avascular zone greater than 1000 ym
in diameter generally means visual loss.
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Progression o POR
Severe NPDR, as defined by the ETDRS (see Clinical Trial 5-1) in the 4:21 rule, is charac-
terized by anv 1 of the following

» diffuise intraretinal hemorrhages and microancurysms in 4 quadrants (Fig 5-11)
» venous bead ing in 2 quadr.!:nb (Fig5-12)
= IRMAs in { quadrant (Fig 5-13)

The ETDRS investigators developed this 4:2:1 rule to help clinicians identily patients at
greatest risk for progression to PDR and high-risk PDE. The ETDRS found that severe
NPDR had a 15% chance of progression to high-risk PDR within 1 year. Very severe
NPDR, defined by the presence of any 2 of these features, had a 45% chance of progres
sion to high-risk PDR within 1 year.

Frgure 5-11 Figure 512 ‘enoos beadng in NPDR far
iSO SNl MCTJSNSuiysms n rows| nayd DASINFEDh O couwrlisy o he
T T " =veg

inal mecrovasoulas abnormaktes (IRMAS] in NPDR. Flussosooin angiogram
VSIS, areas of nonperfusion, and intraretingl capillary remodeting. Courresy
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Early photocragulation for disbetsc retinopathy. ETORS report 9. Early Treatmem Diabets
Retinopathy Study Hesearch Group, Oplthalmologr, 199198 766 THS

NFL infarcts (also called cotton-wool spots or soft exudates) may be present in NPDR
The ETDRS reported that NFL infarcts were less helpful in predicting progression 1o PDR
than were other severe NPDR characteristics {cg. hemorrhages, venous beading, micro-
vascular abnormalities). Historically, the term preprofiferative diabetic retinopathy had
included NFL infarcts as well as thee features defined by the ETDRS under severe or very
severe NPDR. NFL infarcts can be seen easily on clinical examination, and their presence
suggests that a careful search for features predicting progression to PDR is called for

The release of vasoproliferative factors increases with the degree of retinal ischemia
One vasoproliferative factor, VEGF, has been isolated from vitrectomy specimens of pa
tients with PDR. This vasoproliferative factor can stimulate neovascularization of the
reting, optic nerve head, or anterior segment

Aicllo LF, Avery RL. Arrigg PG, et al Vascular endothedial growth factor in ocular flaid of
patients with diabetic retinopathy and other retinal disorders. N Engl | Mad. 1994:331

Extraretinal fibrovascular proliferation is present in varying stages of development in
PDR. The new vessels evolve in 3 stages

1. Fine new voessels with minimal fibrous tissue cross and extend bevond the 1LM

2 The new vessels increase in size and extent, with an increased fibrous component.

3. The new vessels regress, leav ing residual fbrovascular prulil_cr.umn along the pos
terior hyaloid

Based on the sxtent of proliferations, PDR is graded into early, high-risk. or advanced
categories. The location of neovascular proliferations is either on the disc (NVD) or clse-
where (NVE) and in general follows the pattern of the vitreal vascularization of lower
vertebrates, which is recapitulated in omtogenests and disease.

Advanced diabetic retinopathy is associated with cardiovascular disease nsk factors
Patients with PDR are at increased nisk of heart attack, stroke, diabetic nephropathy, am
putation, and death
Medical management of diabetic retinopathy
The principal goal in the medical management of disbetic retinopathy is the delay and
prevention of complications. This can be achieved by mmplementing both svstemic and
local measures that influence the onset of NPDR and progression io PDR.

Hypertension, when poaorly controlled over many vears, as discussed at the beginning
of this chapter. is usually associated with a higher nisk of progression of DME and diabetic
n,-lgnnp..lh:\ In dsyrmmetric arotid artery occhesrve disease, the “-'|IIIU[I.!”“ may be further
influenced bw ocular ischemia. Controversy exists as to whether mild or moderate carotid
artery occlusive disease has o prolective effect on the development and severity of diabetic
retinopathy. Severe carotid artery occlusive disease may result in advanced PDR as part of
the ocular ischemic syndrome, Advanced diabetic renal disease and anenia also may have
an adverse influence on diabetic retinopathy.
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Pregnancy is associated with a worsening of retinopathy; therefore, women with dia-
betes who become pregnant require more frequent retinal evaluation. Visual loss may
occur from NPDR with DME or from the complications of PDR. Although many of these
patients will have some regression of retinopathy after delivery, photocoagulation treat-
ment is generally recommended if high-risk PDR develops during pregnancy.

Brown GO Arterial occlusive disease. Tn: Regillo CA, Brown GC., Flynn HW Jr. eds. Vitreoreri-

nal Diseases: The Essetials. New York: Thieme; 199897117,

Chew EY, Mills JL, Metzger BE, et al. Metabolic control and progression of retinopathy: The
Diabetes in Early Pregnancy Study. Nationa! Institute of Child Health and Human Develop-
ment Diabetes in Early Pregnancy Study. Disbetes Care. 1995,18:631-637.

Duavis M, Fisher MR, Gangnon RE. et al, Risk factors for high-risk proliferative diabetic retinop-
athy and severe visual loss: ETDRS report 18 evest Opluthalmol Vis Sa. 1998:39:233-252,

The most important factor to be emphasized in the medical management of diabetic
retinopathy is maintenance of good glycemic control. The Diabetes Control and Compli-
cations Trial (DCCT: Clinical Trial 5-2) and the United Kingdom Prospective Diabetes
Study (UKPDS; Clinical Trial 5-3) showed that intensive glycemic control is associated

Diabetes Control and Complications Trial (DCCT)
Study guestions:

1. Primary prevention study: Will intensive control of blood glu-
cose slow development and subsequent progression of diabetic
retinopathy?

2. Secondary prevention study: Will intensive control of blood glu-
cose slow progression of diabetic retinopathy?

Eligibility=

1. 726 patients with type 1 diabetes mellitus {1-5 years’ duration)
and no diabetic retinopathy.

2. 715 patients with type 1 diabetes mellitus (1-15 years’ duration)
and mild to moderate diabetic retinopathy.

Study groups: Intensive control of blood glucose (multiple daily insulin
injections or insulin pumpl vs conventional management.

Outcome variables: Development of diabetic retinopathy or progression
of retinopathy by 3 steps using a modified Airlie House classification
scale; neuropathy, nephropathy, and cardiovascular outcomes were also
assessed. d
Results: Intensive control reduced the risk of developing retinopathy by
76% and slowed progression of retinopathy by 54%; intensive control also
reduced the risk of clinical neuropathy by 60% and albuminuria by 54%.
Present status: Study completed.
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United Kingdom Prospective Diabetes Study (UXPDS)
Study questions:

1. Will intensive control of blood glucose, in patients with type 2 dia-
betes, reduce the risk of microvascular complications of diabetes,
including the risk of retinopathy progression?

2. Will intensive control of blood pressure, in patients with type 2
diabetes and elevated blood pressure, reduce the risk of microvas-
cular complications of diabetes, including the risk of retinopathy
progression?

Eligibility:

1. 4209 patients with newly diagnosed type 2 diabetes.

2. 1148 hypertensive patients with newly diagnosed type 2
diabetes.

Randomization:

1. Patients were randomly assigned to conventional policy starting
with diet (1138 patients) or to intensive policy starting with a sul-
fonylurea—chlorpropamide (788 patients). glibenclamide (615 pa-
tients), or glipizide {170 patients}—or with insulin (1156 patients).
If overweight and in the intensive group, patients were assigned
to start treatment with metformin (342 patients).

2. Patients were randomly assigned to tight control of blood pres-
sure (400 with angiotensin-converting enzyme [ACE] inhibitor and
398 with beta blockers) or to less tight control (380 patients).

Outcome variables: Development of any of 3 aggregate adverse out-
comes and specific retinopathy-related outcomes (worsening of retinop-
athy on a modified Airlie House scale, retinal photocoagulation, vitreous
hemorrhage, and worsening of visual acuity).

Results:

1. Intensive control of blood glucose slowed progression of retinop-
athy and reduced the risk of other microvascular complications of
diabetes. Sulfonylureas did not increase the risk of cardiovascular
disease.

2. Intensive control of blood pressure slowed progression of reti-
nopathy and reduced the risk of other microvascular and macro-
vascular complications of diabetes. No clinically or statistically
significant difference was found in the comparison of blood pres-
sure lowering with ACE inhibitors versus beta blockers.

Present status: Study completed.
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with a reduced risk of newly diagnosed retinopathy and reduced progression of existing
retinopathy in people with diabetes mellitus (type I diabetes in the DCCT and type 2
diabetes in the UKPLS). Furthermore, the DOCT showed that intensive glycemic control
(compared to conventional treatment) was associated with reductions in progression o
severe NPDR and PDR, incidence of macular edema, and need for panretinal and focal
photocoagulation. The UKPDS showed that control of hypertension was also beneficial in
reducing progression of retinopathy and loss of vision.

Aleflo LP, Cavallerano L Prikash M, Aiello LM. Disgnosts. management, and treatment of
nonproliferative diabetic retinopathy and maculsr edema. In: Albert DM, Miller W, Azar
DT, Blodi BA, eds, Alberi ¢ lakobiec’s Principles aned Practice of Ophthalmolsgy, 3rd ed. Phil
adelphia: Ssunders; 2008 chap 133

The effect of imtensive treatment of diabetes on the development and progression of long-term
complications i insulin-dependent disbetes mellitus, Diabetes Control and Complications
Trial Hesearch Group, N Engl | Med. 1993329977986

Intensive blood-glucose control with sulphonyluress or insulin compared with conventional
rreatment and risk of complications in pativnts with type 2 digbetes (UKPDS 33), United
Kingdom Prospective Diabetes Study Group, Lamcer, | 998.352:837-853,

Klein B, Klein RE, Moss SE, Crulckshanks K], Association of ocular disease ansd mirtality ina
diabetic population. Arch Opdethalimal, 1999;117: 1487 - 1495

Klein B, Kiein BE, Moss SE, Cruickshanks KIL The Wisconsin Epidemiologic Study of Diabetic
Revmopathy: XVIT The Ld-year incidence and progression of diabetic retinopathy and as-
sociated risk factors in type | diabetes, Chphtfalmodogy. 1998;105: 1301 - 1813

Frosgressaot of retinoparhy with intensive versus conventional treatment in the Diabetes Con-
frol ard Complications Trial. Diabetes Control and Complications Trial Research Group,
Opithalmalogy, 1995102047 661,

Tight blood pressure control and risk of macrovascular and microvascular complications in
type 1 disberes: UKPDS 38, United Kingdom Prospectve ENaberes Study Group. Be Sed |,
199831 7-703-713.

Laser treatment of PDR
The development of neovascularization heralds an important change in the progression
of diabetic retinopathy. Complications from PDR can result in severe visual loss if left un-
treated. More important, prompt treatment often can significantly reduce the probability
of developing these adverse outcomes

The mainstay of treatment for PDR involves the use of thermal laser photocoagula-
tion in a panretinal pattern to induce regression.

Scamer laser reatment For patients with high-risk PDR. scatter panretinal photocoagula-
tion (PRI} treatment is almost always recommended. The goal of scatter PRP is to cause
regression of existing neovascular tissue and to prevent progressive neovascularization in
the future. The amount of therapy necessary to achieve these endpoints is determined by
the degree of regression of vessels concomitant with an increase in avascular fibrous tissue.
Full PR, as used in the Diabetic Retinopathy Study (DRS; Clinical Trial 5-4) and ETDRS,
included 1200 or more 500-pwm burns, separated from each other by one-half burn width,
at 0.1 second duration (Fig 5-14). Treatments may be divided into 2 or more sessions.
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CLINICAL TR

Diabetic Retinopathy Study (DRS)
Study question: |s photocoagulation (argon of xenon arc) effactive for
treating diabetic retinopathy?

Eligibility: PDR or bilateral severe NPDR, with visual acuity 20/100 or bet-
ter in each eye.

Randomization: 1742 participants, One eye randomly assigned to pho-
tocoagulation largon laser or xenon arcl and 1 eye assigned to no
photocoagulation.

Outcome variable: Visual acuity less than 57200 for at least 4 months.
Results: Photocoagulation {argon or xenon) reduces risk of severe visual
loss compared to no treatment. Treated eyes with high-risk PDR achieved
the greatest benefit,

Prasant status: Study completed.

photocoagulaton IPRP) treatment used in the DRS and
tha ETORS. Included an & 500-um burns, separated by one-hall hurm wadth. The
burns in this photogragh have a surrounding fing of edema, makmg many of the bums appear

confiuent, (Couterof Maey W Flinn, e M

After the initial standard PRP, additional incremental therapy can be applied to try
to achieve further regression of persistent nepvascularization. Additional laser treatment
may not be necessary if there is no progressive neovascularization. Green, red, or diode
laser photocoagulation may be successfully applied when vitreous hemorrhage or cat-
aract prevents the use of an argon laser (Fig 5-15). Scatter treatment should generally
be avoided in areas of prominent fibrovascular membranes, vitreoretinal traction, and
tractional retinal detachment. Episodes of fibrovascular contracture may occur, resulting
In recurrent vitreous hemorrhage and tractional or rhegmatogenous retinal detachment,
Small transient vitreous hemorrhages can occasionally ocour in the presence o complete
PRP and can usually be observed.
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Noteworthy side effécts associated with scatter PRP include a decrease in night vi
sion, color vision, and/or peripheral vision, as well as a loss of 1 or 2 lines of visual acuity
in some patients. Additional side effects include glare, tempoarary loss of accommodation,
and photopsias. Macular edema, if present prior to scatter PRP, may be aggravated by
scatter therapy. Many of these side effects can be reduced by having multiple treatment
sessions using less energy and applving macular focal faser prior to PRP. Using more pe-
ripheral laser placement may be sufficient to arrest disease progression as it preserves the
Jar et central wisual Held, In partic ular, sparing the horizontal meridians lor as lomg as
pz.!_\“blu maximizes the horizontal visual field needed for dlti:ri_g, as well as protects ac-
commadation and corneal innervation, Great care must be taken to avoid foveal Flhumch-
.Lp,ul.smnt, I t.]uuu.llljr when contact lenses that reverse the image are used

Early photacosgulitbon for diabetic retinopathy. ETDRS report 9. Early Trealment Dhabetic
Retinspathy Study Research Group, Opleehalmology. 199198 {5 suppl}. 766- 785

Fong 1S, Segal PP, Myers . Ferris FL, Hlubbard 1LY Davis MDD, Su
macular edema. ETDRS report 23, Early Treatmem Diabetic Retinopathy Study Research

ol 199711 5:873-877

etinal fibrosis in diabetic

Figure 5-18
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Current clinical threshold parameters for scatter laser treatment stem from the results
of the DRS.

Diabetic Retinopathy Study The YRS was a prospective, randomized clinical teial evaluat
ing PRP treatment to 1 eye of patients with clear media and advanced NPDR or PDR in
both eyes (see Clinical Trial 5-4). The primary oulcome measurement in the DRS was se-
viere visual loss (SVL), defined as a visual acuity of less than 5/200 on 2 consecutive follow
up examinations 4 months apart. The DRS demonstrated a 50% or greater reduction in
the rates of SVL in eyes treated with PRP compared to the rates in untreated control eyes showing ' to % disc area of NVI)

1 moderate (¥ disc area) NVE with vitreous hemorrhage (Fig 5-18)

High-risk PDR was defined as any | of the following:

mild NV D with vitreous hemorrhage (Fig 5-17)

moderate o severe NVD with or without vitreous |'|l-nm|lh.=:.=,|.' {=Standard 10A,

during a follow-up of over 5 years (Fig 5-16).
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High-risk PDR was also defined by any combination of 3 of the 4 retinopathy risk
factors:

1. presence of vitreous or preretinal hemorrhage
2. presence of new vessels

3. location of new vessels on or near the optic disc
4. moderate to severe extent of new vessels

The DRS recommended prompt treatment of eyes with high-risk PDR because this group had
the highest risk of SVL. The complications of argon laser PRP in the DRS were generally mild
but included a decrease in visual acuity by 1 or more lines in 11% and visual field loss in 5%,

Four risk factars far severe visual Joss in diabetic retinopathy. DRS report 3, Diabetic Retinopa-
thy Study Research Group. Arch Ophithalmol. 1979,97:654-655.

Photocoagulation treatment of proliferative diabetic retinopathy: clinical application of Dia-
betic Retinopatly Study (13S) findings, RS report 8. Diabetlc Retinopathy Study Rescarch
Group. Ophthatmology. 198188583600,

Neovascularization of the iris or anterior chamber angle Small isolated twits of neovascu-
larization at the pupillary border are relatively common in patients with diabetes. Eves
with small isolated tufts can be carefully followed gonioscopically, with initial treatment
withheld. Patients with contiguous neovascularization of the pupil and iris collarette and/
or the anterior chamber angle generally require prompt PRP whether or not high-risk
PDR is present. Intravitreal injection of anti- VEGF antibodies may reduce neovascular-
ization in the short term.

Surgical management of PDR

The 2 main sequelae of advanced PDR are vitreous hemorrhage and tractional retinal
detachment. For both conditions, surgical intervention is the mainstay of contemporary
management.

Vitreous hemorrhage In the 1970s, after Machemer introduced vitrectomy surgery, the
indications for surgical intervention in patients with PDR included nonclearing vitreous
hemorrhage for more than a year. The Diabetic Retinopathy Vitrectomy Study (DRVS)
was carried out in order to determine whether there was a role for earlier vitrectomy in
patients with vitreous hemorrhage secondary to PDR.

Diabetic Retinopathy Vitrectomy Study The DRVS was a prospective, randomized clinical
trial investigating the role of vitrectomy in managing eyes with severe PDR. Two outcome
measurements in the DRVS were the percentages of eyes with 10/20 and 10/50 visual acuity
on DRVS standardized visual acuity charts at the 2- and 4-year follow-up examinations.

The DRVS evaluated the benefit of early (1-6 months after onset of vitreous hemor-
rhage) versus late (at 1 year) vitrectomy for eyes with severe vitreous hemorrhage and
visual logs (=5/200). Patients with type 1 diabetes with severe vitreous hemorrhage clearly
demonstrated the benefit of early vitrectomy, but no such advantage was found in mixed
or type 2 patients. The DRVS also showed an advantage for early vitrectomy compared
with conventional management in eyes with very severe PDR.
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Advances in vitreoretinal surgery, including the routine use of the endolaser during
surgery, have changed some of the recommendations of the DRVS. Patients with preexist-
ing, well-placed, complete PRP treatment in the face of vitreous hemorrhage can undergo
alonger period of observation. If PRP has not been performed, early intervention is usu-
ally recommended in patients with vitreous hemorrhage secondary 1o PDR regardless of
the class of diabetes.

Early vitrectomy for severe profiferative diabetic retinopathy in eves with useful vision: re
sults of a randomized trial. DRVS report 3, Diabetic Retinapathy Vitrectomy Study Research
Group. Ophthalmology, 1988:95: 13071320,

Early vitrectomy for severe vitreous hemorrhage in diabetic retinopathy: two-year results of a
randomized trial. DRVS repon 2. Diabetic Retinopathy Vitrectomy Study Research Group,
Arch Ophthalmol. 1985;103;1644-1652.

Tractional retinal detachment Complications from PDR are exacerbated by traction of the
vitreous on elevated fibrovascular proliferative tissue, Partial posterior vitreous detach-
ment frequently develops in eves with fibrovascular proliferation, resulting in traction
on the new vessels and vitreous or preretinal hemorrhage, Tractional complications such
as vitreous hemorrhage, retinal schisis, retinal detachment, or macular heterotopia may
ensue, as well as progressive fibrovascular proliferation. Contraction of the fibrovascular
proliferation and vitreous may result in retinal breaks and subsequent rhegmatogenous
retinal detachment. The presence of chronic retinal detachment in eyes with PDR contrib-
utes to retinal ischemia and may account for the increased risk of iris neovascularization
in such eyes.

A greater discussion of the surgical management of tractional retinal detachments
secondary to PDR can be found in Chapter 15.

Davis M, Blodi B. Proliferatsve diabetic retinopathy. In: Ryan S], Hinton DR, Schachat AP,
Wilkinson CP, eds. Retina. 4th ed. Philadelphia: Elsevier/Mocby; 2006:1285- 1322,

Current Indications for Pars Plana Vitrectomy in Patients With Diabetes

The following are the 5 most common and traditional indications for pars plana vitrec-
tomy in paticnts with diabetes:

. dense, nonclearing vitreous hemorrhage

. tractional retinal detachment involving or threatening the macula
. combined tractional and rhegmatogenous retinal detachment

. diffuse DME associated with posterior hyaloidal traction

5. significant recurrent vitreous hemorrhage despite maximal PRP

e B =

To evaluate the presence or absence of retinal detachment in patients with dense, non-
clearing vitreous hemorrhage, echography is required. It retinal detachment is present, an
carly vitrectomy is usually suggested. Patients with bilateral severe vitrenus hemorrhage
generally should undergo vitrectomy in | eye when they are medically stable.

The DRVS data indicate that, for patients with type | diabetes with dense vitreous
hemorrhage and severe visual loss in | eye, early surgery (1-6 months after visual loss)
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is preferable to waiting | year or more. The DRVS showed no difference in outcomes
of 10/20 or better between the early and late vitrectomy groups among type 2 patients
with severe vitreous hemorrhage. This lack of a difference may be attributable to a higher
frequency of diabetic maculopathy in type 2 patients, which causes visual reduction to
the 20/200 range. Because endolaser treatment was not yet available for use during the
DRVS and microsurgical techniques have improved since the conclusion of the study in
1988, the outcomes of pars plana vitrectomy may now be better than those reported in the
DRVS publications.

Tractional retinal detachment not involving the macula may remain stable for many
years. When the macula becomes involved, immediate vitrectomy is generally recom-
mended. Combined tractional and rhegmatogenous retinal detachment may progress
rapidly, and early surgery should be considered in these patients.

Additional reported indications for vitrectomy in patients with diabetes include the
following:
severe progressive fibrovascular proliferation
anterior hyaloidal fibrovascular proliferation
red blood cell-induced (erythroclastic) glavcoma
anterior segment neovascularization with media opacities preventing phatocoagulation
dense premacular (subhyaloid) hemorrhage
For further discussion of vitrectomy, see Chapter 15.

Smiddy WE, Flynn HW, Vitrectomy in the management of diabetic retinopathy. Surv Ophithal-
miol. 1999:43:491-507,

Photocoagulation for Diabetic Retinopathy

Based on the findings of the DRS, ETDRS, and other clinical studies, photocoagulation
is generally recommended for eyes with CSME and high-risk PDR (see also Chapter 14).
However, some clinical features are associated with poorer visual acuity outcomes after
photocoagulation:

« diffuse macular edema with center involved

« diffuse fluorescein leakage

+ macular ischemia (extensive perifoveal capillary nonperfusion)
= hard exudate deposits in the fovea

» marked cystoid macular edema

In general, the ophthalmologist views the patient’s fluorescein angiogram to guide treat-
ment for CSME. For focal leakage, direct laser therapy using green or yellow wavelengths
is applied to all leaking microancurysms between 500 and 3000 um from the Center of the
macula. Parameters for focal treatment include

« 50- to [0-pm spol size
« 0.1 second or less duration
» attempt to whiten or darken microaneurysms
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For diffuse leakage or zones of capillary nonperfusion adjacent to the macula, a light in-
tensity grid pattern using green or yellow is applied to all areas of diffuse leakage more
than 500 pm from the center of the macula and 500 pm from the temporal margin of the
optic disc. Parameters for local treatment in a grid pattern include

+ 50- to 100-pm spot size
» 0.1 second or less duration
» spots spaced at least | burn width apart

Subthreshald intensity may be effective and may reduce choroidal atrophy. Multiple treat-
ment sessions spread out over many months are frequently necessary for resolution of
DME.

Folk JC, Pulido IS. Laser Photocoagulation of the Retina and Choroid, Ophthalmology Mono-
graph 11, San Francisco: American Academy of Ophthalmology; 1997,

Treatment technigques and clinical guidelines for photocoagulation of diabetic macular edema.
ETDRS report 2. Early Treatment Dishetic Retinopathy Study Research Group, Ophthalmol-
ogy. 198794:761-774.

Cataract Surgery in Patients With Diabetes
Various studies suggest that diabetic retinopathy may progress following cataract surgery.
Patients about to undergo cataract surgery who have CSME, severe NPDR, or PDR should
be considered for photocoagulation prior to cataract removal if the ocular media are suf-
ficiently clear to allow treatment. If the density of the cataract precludes adequate evalu-
ation of the retina or treatment, prompt postoperative retinal evaluation and treatment
are recommended. Patients with diabetes enrolled in the ETDRS who underwent cataract
surgery usually had improved visual acuity postoperatively.

In general, all patients with preexisting diabetic retinopathy should be reevaluated
following cataract surgery. Pupillary size that is adequate to facilitate postoperative evalu-
ation and treatment of the retina is a factor the cataract surgeon should consider at the

time of cataract surgery.
BCSC Section 11, Lens and Cataract, discusses the special considerations that the

cataract surgeon must take into account in patients with diabetes.

Suggested Timetables for Detailed Ophthalmic Examination of Patients With
Diabetes

Patients with type | diabetes rarely have retinopathy during the first 5 years after diagno-
sis. By contrast, a significant percentage of patients with type 2 diabetes have established
retinopathy at the time of initial diagnosis and should have an ophthalmic examination at
that time. Pregnancy poses a risk for progression of diabetic retinopathy. An examination
is generally recommended for pregnant patients in the first trimester and thereafter at the
discretion of the ophthalmologist (Table 5-2). The frequency of follow-up visits depends
on the severity of the retinopathy and the threat to visual function from potentially missed
opportunities to treat (Table 5-3).
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Table 5-2 Timetable Based on Age of Patient or Pregnancy

Age of Onset of Diabetes Recemmended Time of First Eye
Muyilitus/Pregnancy Erpmmatian Routing Minmum Follow-sp
0-30 Within & yoars of diagnosis Annually
31 and older Upon diagnosis Annually
Pragnancy Before conceplion or early in Ewery 1-3 months or at

first trimester discretion of aphthalmalogist
Modified from Preferred Practice Patterns Committes, Retina Panel. Diabeti inopathy. San Franci

Amencan Acsdemy of Ophthalmiclogy: 2003.

Table 5-3 Timetable Based on Retinopathy Findings

Retinal Abnormality Suggested Follow-ug

Normal oF fare microansurysms Annually

Mild NFDR Every 9 months

Maoderate NPDR Every & months

Severe NPDR Every 2-4 months

CSME Every 2-4 months® (careful follow-up)
PDR Every 2-3 months® (careful follow-up)
* Consider laser surgery

Medified from Praterred Practice Patterns Committes, Retina Panel. Diabetic Retinopatity. San Francisco:
Amarican Academy of Ophthalmology: 2003

Preferved Practice Patterns Committee, Reting Pancl Dicbetic Retinopathy. San Francisco!
American Academy of Ophthalmology; 2003,

Sickle Cell Retinopathy

The sickle cell hemoglobinopathies of greatest ocular importance are those in which
mutant hemoglobins 5 and/or C are inherited as alleles of normal hemoglobin A. These
disorders result from a mutant gene that defines the sequence of amino acids in the p-
polypeptide chain of adult hemoglobin. In sickle cell (SC) hemoglobin, the valine is
substituted for glutamic acid at the sixth position in the B-polypeptide chain due to a
substitution of adenine for thymine, This seemingly small alteration causes a profound
reduction in solubility when hemoglobin is deoxygenated, leading to deformation of red
bload cells into a characteristic sickle shape when the partial pressure of oxygen is low.
Sickle cell hemoglobinopathies are most often seen in the black papulation. Sickle
cell trait (Hb AS) affects 8% of African Americans; 0.4% have sickle cell disease (Hb 55)
and 0.2% have hemoglobin SC disease (Table 5-4). Thalassemda, in which the a- or B-
polypeptide chain is defective, is rare; however, it frequently causes retinopathy. Al
sickling and solubility tests (sickle cell preparations, or “preps”) are reliable indicators of
the presence of hemoglobin § and are therefore excellent for screening. they do not distin-
guish between heterozygous and homozygous states. Hemoglobin electrophoresis testing
should be performed following a positive sickle cell prep. This process is described in Part
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Table 5-4 Incidence of Sickle Cell Hemoglobinopathies in North America

Incidence of Pralilerative
Hemoglobinopathy Incidence in Population Retinogathy in Subgroups
Any sickle hemogiobin 10% =
Sickle cell trait (AS) % Uncomiman
Hemaoglobin C trait (AC) ™ Uncomman
Sickle cell homarygote (SS) 0.4% %
Sickle cell hemogiobin C (SC) 0.2% 33%
Sickle cell thalassemia (SThal) 0.03% 4%
Homeorygous CICCH 0.016% Unknawn
* Approximate

Modifind from Felrat 5, Goldberg MF. Sickle retinopathy. inc Regillo CD, Brown GC. Flynn HW Jr. sds.
Vitrsoretinal Disesse: The Essontiale. New York: Thieme; 1999333

ITl, Genetics, of BCSC Section 2, Fundamentals and Principles of Ophthalmology, along
with detailed explanations of allelic gene defects.
Sickle cell ocular abnormalities are caused by intravascular sickling, bemolysis, he-
miostasis, and thrombaosis, The initial event in the pathogenesis of sickle cell retinopathy is
peripheral arteriolar occlusion and capillary nonperfusion, which may progress to retinal
neovascularization, usually at the border between perfused and nonperfused retina.
The incidence of significant visual loss from sickle cell retinopathy is variable but
appears to be relatively low in natural history studies. Serious ocular complications of
proliferative sickle cell retinopathy (PSR}—including retinal neovascularization, vitreous
hemorrhage, and tractional retinal detachment—are more characteristic of SC and SThal
(sickle cell thalassemia) than of S8 disease, although SS disease results in more systemic
complications.
Clarison JG. The ocular manifestations of sickle-cell disease: a prevalence and natural history
study, Trans Am Ophthalmol Soc. 1992,90:48 [ -504.

Emerson GG, Harlan |B [r, Fekrat 5, Lutty GA, Goldberg MF. Hemoglobinopathies. In: Ryan 5],
Hinton DR, Schachat AP, Wilkinson CP, eds. Retina. 4th ed. Philadelphia: Elsevier/Mosby;
20061 429- 1445,

Nonproliferative Sickle Cell Retinopathy

The retinal changes seen in nonproliferative sickle cell retinopathy {NPSR) are caused by
arteriolar and capillary occlusion, similar to white or hemorrhagic infarcts of the central
nervous system. Anastomosis and remodeling occur in the periphery, as does the resorp-
tion of the blood in the area of the infarct (Fig 5-19). Retinal findings of NPSR include

« salmon patch hemorrhages
» refractile (iridescent) deposits or spots
« black sunburst lesions

Clinical and histopathologic studies have shown that salmon patch hemorrhages represent
areas of intraretinal hemorrhages occurring after a peripheral retinal arteriolar occlusion.
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Retinal Vascular Doclusion
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L

r = e tractional retinal detachment (stage 5).
Refractile spots are old, resorbed hemorrhages with hemosiderin deposition within the

inner retina just beneath the limiting membrane. Black sunburst lesions are localized areas Sea fan neovascularization also trequently undergoes spontaneous infarction

of retinal pigment epithelial hypertrophy. hyperplasia. and pigment migration into the

Goldberg MF Classificatior athy, Am | Opdriheal

retina. These lesions often have a spiculated appearance and are usually seen in a peri- mol. 1971:71-649-665

rathogenesis of E||'|||||,-|.|'|11,- sickle reta

vascular location in the pl'nphﬂ'\ The presence of hemosiderin dupnmlllln in the lesion .

R : = saEs i . :
suggesis that retinal hemorrhage with extension into the subretinal space plays a role in f PSR is one of many retinal vascular diseases in which extraretinal fibrovascular pro
the pathogenesis of the black sunburst lesions liferation occurs in response 1o retinal ischemia. Whereas the neovascularization in PDR
generally begins postequatorially, that in PSR is located more peripherally. Another way

Occlusion of parafoveal capillaries and arterioles is one cause of decreased visual acu
in which PSR differs from PDR is in the frequent occurrence of autoinfarction of the pe

ity in sickle cell retinopathy. Patients with sickle cell hemoglobinopathies may also develop

: E : " o - sctilting : iFig 5.2
spontaneous ccclusion of the central retinal artery. Vascular occlusions do not inevitably ripheral neovascularization, resulting in a white sea fan (Fig 5-21).
lead to infarction in sickle cell retinopathy.

Other Ocular Abnormalities in Sickle Cell Hemoglobinopathies

Fekrat 8, Goldberg ME Sickle retinopathy. In: Regillo CD), Brown GC, Flynn HW Jr, eds. Vit
i Essentials New York: Thieme: 1999-333-345 Another clinical Tlr'ldlli}-.' seen in many patiems with 58 or SC disease is segmentation of

reoreis
blood in the conjunctival blood vessels. Numerous comma -h-ipt‘d thromba dilate and
Proliferative Sickle Cell Rﬂtl'l'll:lpllfl'l' occlude capillaries, most often in the inferios bulbar conjunctiva and fornix (the comma

LEh i el sign). Similarly, small vessels on the surface of the optic disc can exhibit intravascular oc
Proliferative sickle cell retinopathy (PSR) has been classified into the fﬂ”'“‘-’]ﬂg pathoge g : ’ :

netic sequence (Fig 5-20) clusions, manifested as dark red spots (the disc sign of sickling). Angioid streaks have been
CHC sSCguUenoe d=2 ) E: =

reported clinically in up to 6% of cases of 55 disease and in AS. The pathogenetic basis of

Peripheral arteriolar occlusions (stage 1) lead to peripheral nonperfusion and this association is uncertain,
peripheral arteriovenular anastomoses (stage 2), which appear to be dilated, pre-

el

existing capillary channels. Sequential fluorescein angiograms show dynamic re- Management

modeling of the peripheral retinal vasculature.
. e All black patients presenting w ith a traumatic hyphema should be screened for a sickling

h:‘.‘m()ﬁlubmt‘p-ﬂht (including trait) because of the increased risk of complications in the
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Figure 5-21 Paripheral neovascularization (sea fan neovascularizationl with autenfarction, as
ilustrated by the white atrophc vessels. iCourresy of Harmy W Flyney e MDD

presence of rigid sickled erythrocytes. IOP control may be difficult, and ischemic optic
neuropathy may result from short intervals of a modest increase in [OP. Some authors
have recommended early anterior chamber washout in the presence of a hyphema with
increased 10P. In addition, the physician must be cautious in using carbonic anhydrase
inhibitors, which may worsen sickling through the production of systemic acidosis.

McLeod DS, Merges C, Fukushima A, Goldberg MFE, Lutty GA. Histopathologic features of
neovascularization in sickle cell retinopathy, Am 1 Ophthalmol. 19971 24:455-472

Wax MB, Ridley ME, Magargal LE. Reversal of retinal and optic disc ischemia in a patiemt
with sickle cell trait and glwucoma secondary to traumatic hyphema. Ophthalmology.
198289845851

Photocoagulation

Therapeutic approaches to PSR have included diathermy, cryopexy, and photocoagula-
tion. The use of photocoagulation to close feeder vessels to the neovascular frond is not
recommended because of complications, including retinal and choroidal hemorrhages,
breaks in Bruch's membrane, choroidal neovascularization with extension into the vitre-
ous, retinal breaks, and retinal detachment. Peripheral scatter photocoagulation, applying
lower-intensity light burns to the ischemic peripheral retina, may cause regression of neo-
vascular fronds and thus decrease the risk of vitreous hemorrhage.

Farber MDD, Jampol LM, Fox P. et al. A randomized clinical 1rial of scaner ptmlumagnh:mn of
proliferative sickle cell retinopathy. Anch Ophthalmol, 1991;109:363-367.

Jacobson M5, Gaglano DA, Cohen 58, et al. A randomized clinical trial of feeder vessel
photocoagulation of sickle cell retinopathy: a long-term follow-up. Ophehalmology. 1991;98:
S81-585.

Vitreoretinal surgery in PSR
Surgery may be indicated for nonclearing vitreous hemorrhage and/or for rhegmatog-
enous, tractional, schisis, or combined retinal detachment. Retinal detachment usually
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begins in the ischemic peripheral retina. The tears typically occur at the base of sea fans
and are often precipitated by photocoagulation treatment. Anterior segment ischemia ar
necrosis has been reported in association with 360° scleral buckling procedures, particu-
larly when combined with extensive diathermy or cryopexy. For this reason, the following
precautions should be taken when treating retinal detachments:

= Use local anesthesia withouw adjunctive epinephrine.
« Avoid encirdling buckles.

+ Do not remove extraocular muscles.

« Use cryopexy judiciously.

+ Ensure adequate patient hydration.

« Use supplementary nasal oxygen.

Precautions for vitrectomy include those just listed as well as cautious use of expansile
gases. Exchange transfusion is no longer favored prior to vitreoretinal surgery.
Pulida |5, Flynn HW Ir, Clarkson ]G, Blankenship GW. Pars plana vitrectomy in the management
of complications of proliferative sickle retinopathy. Arch Ophrhalmol 1988;106:1553-1557
Ryan S§]. Goldberg ME Anterior segment ischemia following scleral buckling in sickle cefl he-
moglobinopathy. Am | Ophthalmol. 1971:72:35-50.

Peripheral Retinal Neovascularization

Apart from sickling disorders. a number of entities can cause peripheral neovasculariza-
tion; see Table 5-5 for a differential diagnosis.

Retinopathy of Prematurity

Previously called retrolental fibroplasia, retinopathy of prematurity (ROP) is an ischemic
retinopathy of premature and low-birth-weight infants. It is estimated that ROP causes
some degree of visual loss in approximately 1300 children born each year in the United
States and severe visual impairment in 250-500 of those children. Approximately 300 chil-
dren per million live births have at least 1 eye blinded by ROP. For an in-depth discussion
of ROP, see BCSC Section 6, Pediatric Ophthalmology and Strabismus.

Flynn [T, Bancalari E, Soyder ES, et al. A cohort study of transcutaneous oxygen tension and the
incidence and severity of retinopathy of prematurity. N Engl | Med, 1992:326: 10501054
McNamara JA, Connolly BE. Retinopathy of prematurity. In: Regillo CD, Brown GC, Flynn

HW jr, eds. Vitreoretinal Disease: The Essemtials. New York: Thieme: 1999:177-192.

Screening Examination of Premature Infants for Retinopathy of Prematurity, the Joint
Statement of the American Academy of Pediatrics, Section on Ophthalmology; the Amer-
ican Association for Pediatric Ophthalmelogy and Strabismus; and the American Acad-
emy of Ophthalmology. recommends at least 2 dilated funduscopic examinations using
binocular indirect ophthalmoscopy for all infants with a birth weight of less than 1500 g or
with a gestational age of 30 weeks or less, as well as for selected infants between 1500 and
2000 g or a gestational age greater than 30 weeks with an unstable clinical course who are
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Table 5.5 Differential Diagnosis of Peripheral Retinal Neovascularization

s sl T
Proliferative diabetic retinopathy (PDR)
Branch retinal vein occlusion IBRVD)
Branch retinal aneriolar occlusion (BRAD)
Caretid cavernous fistula
Sickling hemoglobinopathies (eg, SC, 55)
Other hemaglobinopathiss leg, AC, AS)
idiopathic retinal vasculitis, aneurysms, and neuroretinitis (IRVAN)
Retinal embaolization (eg, takc)
Retinopathy of prematurity (ROP)
Familial exudative vitreoretinopathy (FEVR]
Hyperviscosity syndromes (eg. chronic myelogenous leukemial
Aartic arch syndromeas/ocular ischemic syndromes
Eales dissase

Inflammatory diseases with possible ischemia
Sarcoidoss
Retinal vasculitis (eg, sy lupus erythe )
Uveitis, including pars planitis
Birdshot retinochoroidopathy
Toxoplasmosis
Multiple sclerosis
Miscellaneous
Incontinentia pigment
Long ing retinal d 1
Choroidal melanoma
Ratinitis pigmentosa
Retinnschisis
Chronic retinal detachment

Maodified from Jampol LM, Ebroon DA, Goldbaum MM, Peripheral profiferative retinopathies: an update on
Bngogenesia, enologies, and management. Surv Ophtheimol. 1994:38:519-540.

believed to be at high risk by their attending pediatrician or neonatologist. (See BCSC Sec-
tion 6, Pediatric Ophthalmology and Strabismus, for the full text of the Joint Statement.)

One examination is sufficient only if it demonstrates unequivocally that the retina
is fully vascularized bilaterally. The first examination should generally be performed be-
tween 4 and 6 weeks of postnatal age or, alternatively, within the 31st to 33rd week of post-
conceptional or postmenstrual age, whichever is later. The onset of serious ROP correlates
better with postmenstrual age (gestational age at birth plus chronological age) than with
postnatal age. Examinations are then generally performed every 1-2 weeks (see¢ the fol-
lowing examination schedules) until the retina is fully vascularized. Signs of ROP are seen
in 66% of infants with a birth weight of less than 1251 g and in 82% of those with a birth
weight of less than 1000 g. The following examination schedule is recommended:

I Week or Less Follow-up

= Stage 1 or 2 ROP in zone |
s Stage 3 ROP in zone 11
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1-2 Week Follow-up

» Immature vascularization in zone 1, no ROP
= Stage 2 ROP in zone I1

» Regressing ROP in zone |

2 Week Follow-up

« Stage | ROP in zone Il

= Regressing ROP in zone 11

2-3 Week Follow-up

» Immature vascularization in zone 11, no ROP
= Stage | or 2 ROP in zone 111
= Regressing ROP in zone [11

Conclusion of the retinal screening examinations should be based on the following ages
and retinal ophthalmoscopic findings:

« Zone 11 retinal vascularization is attained without previous zone 1 or 11 ROP. If
there is examiner doubt about the zone or if the postmenstrual age is less than 35
weeks, confirmatory examinations may be warranted.

« There is full retinal vascularization.

« Postmenstrual age of 45 weeks and no prethreshold disease (defined as stage 3 ROP
in zone I, any ROP in zone 1) or worse ROP is present.

« ROP is regressing. Care must be taken to ensure that no abnormal vascular tissue
capable of reactivation and progression is present.

Infants found to have threshold discase should receive retinal ablative therapy (either
cryotherapy or laser photocoagulation) within 72 hours of diagnosis.

American Academy of Pediatrics, hitpe//pedistrics aappublications.org/

Palmer EA, Flynn JT, Hardy RI. et al. Incidence and early course of retinopathy of prematu-
rity. The Cryotherapy for Retinopathy of Prematurity Cooperative Group, Ophthalmology.
1991:98: 1628-1640.

Section on Ophthalmology, American Academy of Pediatrics; American Academy of Ophthal-
maology: American Association for Pediatric Ophthalmology and Strabismus. Screening ex-
amination of premature infants for retinopathy of prematenity. Policy Statement Pediatrics,
2006:117:572-576.

Pathogenesis and Staging

Normal retinal vascularization proceeds from the optic disc to the periphery and is com-
plete in the nasal quadrants at approximately 36 weeks of gestation and on the temporal
side at 40 weeks. A vanguard of mesenchymal cells initially grows outward in the NFL
from the region of the optic disc starting at month 4-5 of gestation. These mesenchymal
cells give rise to retinal capillary endothelial cells, which then form the capillary system.
Some capillaries enlarge to form arterioles and venules, and some undergo apoptosis as
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remodeling occurs (Fig 5-22). Current understanding of ROP is incomplete, but it has
been suggested that the vascularization results from 2 distinct processes that are different
in time, location, and visual prognosis:

1. vasculogenesis: The de novo formation of new vessels by transformation of vascu-
lar precursor cells characterizes zone I disease.
2. angiogenesis: Budding from existing vessels characterizes zone Il disease.

The posterior vasculogenic process responds poorly to treatment.

Exposure to excessive concentrations of oxygen can lead to an arrest of vascular de-
velopment, leaving a variable amount of neurosensory retina without inner retinal blood
supply. Although an important contributing factor, oxygen is no longer considered the sole
factor in the pathogenesis of ROP. Other factors, such as genetic predisposition, low birth
weight, and a short gestational period also increase the risk of developing the disease.

Factors such as intercurrent illnesses, blood transfusions, and pC0O,, although statisti-
cally associated with the outcome in a univariate sense, failed to maintain a significant as-
sociation when considered in a multivariate analysis. ROP has been reported in full-term
infants (possibly familial exudative vitreoretinopathy [FEVR]). in stillborn infants who
had not received supplemental oxygen, in anencephalic infants, and in infants with con-
genital heart disease and significant right-to-left shunting whose pAO; never exceeded
50-60 mm Hg.

Clinically, vascularized retina in the premature infant without ROP normally blends
almost imperceptibly into the anterior, gray, nonvascularized retina. With ROP. how-
ever, the juncture between the 2 becomes more distinet due 1o shunts and variable glial

hyperplasia.

Fynn JT. Chan-Ling T. Retinopathy of prematurity: two distinet mechanisms thet anderlie
zone | and zone 2 disease. Am [ Ophthuimol 2006 142;46-59.
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Classification and terminology
The international classification of ROP has been devised to standardize the specific stag-
ing and analysis of the natural history and therapy of the disease (Table 5-6). In stage 1
ROP, the shunt is essentially flat, whereas in stage 2, the mesenchymal ridge is elevated
(Fig 5-23A). Stage 3 ROP is distinguished by extraretinal neovascularization, with blood
vessels growing through the ILM of the retina at the ridge (Fig 5-24).

The international classification also defined ROP with respect to location {see Table 5-6).
There are 3 zones. Zone | encompasses the area included in a circle twice the radius of the
optic disc-to-foveola distance. Zone Il encompasses that area included in a circle centered

Table 56 Acute ROP (International Committee on Classification of Acute ROP)

Location

Zone & posterior retina within a 60" circle centered on the oplic nerve
Zone I from the postenor circle (zone 1) 1o the nasal ora sarmata anterordy
Zone Wik remaining temporal peripheral retina

Extent: number of clock-hours involved

Saveriry
Stage 1: presence of a demarcation line between vascularired and nonvascularized reting
Stage 2: presence of demarcation fine that has height. width, and volume {ridge!
Stage 3: a ridge with extraretinal fibrovascular proiiferation {may be mild, moderate, or severe,
as judged by the amount of proliferative tissue present)
Stage 4: subtotal retinal detachment
A ewtrafoveal
B. retinal detachment including fovesa

Stage 5 total retinal detachment with funnel: Anterior Posferior
Open Open
MNarrow Narrow
Open Narrow
Marrow Open

A B

Figure 523 Stage 2 ROP A, An slevated ridge of mesenchymal tssue is present at the bor-

Figure 5-22 Trypsin digest preparation of the penpheral retina from the eye of a prematung

mifant i f r ired) and avascular igrayishl retna. B, In postenor zone 1| mvolvement,
mfant. The more postenor vasculanzed and the penpheral avascular retine are well different- e 0 The \aaciEarman e % ey

ated Some of the retinal capillanes have remodeled 1o form artericles and venules (Courtisy of tha borger may be trangular or wedge-shaped. Coutesy of John Fiynn, MO
W Roharg Grmen, AD
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a

on the optic disc with a radius of the distance from the optic disc to the nasal ora serrata,

and zone I includes the remainder of the fundus outside zones | and 11. Because of the arc

shaped directional growth of vessels around the fovea, the temporal border of vascular and
avascular retina may be triangular {the ™V sign”), with the triangle’s base at the ora and the
apex pointing posteriorly (see Fig 3-23B). This configuration may facilitate the formation of
a macular fold. An eye is dassified according to the largest diameter zone in which retinal
vessels are located. Eyves with ROP in zone 111 typically have a good visual prognosis. The
more postenior the zone al the lime of discovery of the disease, the more vasculogenic the

mechanism, and the more nonperfused retina there is, the more worrisome the prognosis

the (lassifi-

The Commitier fo

timopathy of § 134

Re

Classafacatl

of retinal

f the Late Stages of Reti

Lrch Opdirhiglimal | 987

Conversely, the more peripheral the shunt and the smaller its size and extent on the
retina, the better the outlook for spontaneous regression with minimal scarring. An active
shunt is associated with dilation and increased tortuosity of the retinal vessels posteri-
orly. Increased and abnormal terminal arborization of retinal vessels as they approach the

shunt or ridge is a notable finding in active disease. In addition, microvascular abnormali-

Lhes (Sg. micnoane

¢ behind the sh

rvams, areas of capillary nonperfusion, and dilated vessels) may be vis

L

In the —“Ul”l'\-!rfj-"“l' 1‘II-=‘L'. new vessels Yarving F]ld”l in size and ¢xlent arise

from retinal vessels just posterior to the shunt. These new vessels can induce contrac-

ture of the firmly attached vitreous gel, which results in a tractional retinal detachment

[stage 4). Stage 4, or subtotal retis

detachment, is further divided into stages 4A and 4B

stage 44, the detachment is extrafoveal, whereas in stage 4B, the foveal retina

is detached. In stage 5 ROP. the retina is totally detached (F ig 5-26). Vitreous hemorrhage

can occur in stages 3-5, and exudative retinal detachment can also occur
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discase and location of the retinal vessels within zone | or 11 (Fig 5-28

Natural course

The svstemic or local tissue factors that influence regression or progression of ROWP are

not known; however, there is 2 predictable time course. ROP is a transient discase in the
eves, The initial

it

majority of infants, with s

& regression occurring m 85% o

menl of a clear zone

of retina bevond the h

clinical sign of regression is the deve
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Associated conditions

Conditions more likely to occur in eves with regressed ROP include the following

myopia with astigmatism
anisometropia
strabismus

.1|1:'|\h':-;~1,;

cataract
glaucoma
macular pigment epitheliopathy

vitreoretinal scarring

traction retinal detachment

Both angle-closure and pupiliary block glaucoma may occur, rarely, in Mmyopic eyes
with cicatricial ROP. Angle-closure glaucoma has been reported to accur during the sec
ond to fifth decades, with a mean age of 32 vears in affected cases. Exudative retinopathy
and recurrent vitreous hemorrhages can also occor later in life. ROP and its sequelae can
cause problems throughout a patient’s life, and long-term follow-up is crucial. Failure to

diagnose and treat ROP and its complications in a timely fashion combined with a statute

of limitations of 20 years increases the legal exposure of physicians caring for children

with ROP

Brown MM, Brown GC, Duker |5, Tasman WS, Augsburger []. Exudative retinopathy of adulix
a late sequela of retin
Michael Al. Pesin SR, Ka

associated with retinog

athy of prematurity, Ing Ophehabmol, 1994;18:281 - 285

L], Tasman W5 Managem

of late- ¢ angle-chosare glawcos
wsimology. 1991:98:1093- 1098

athy of prematurity. Opl

Treatment

Optimal preventive therapy for ROP is the prevention of extremely low birth weight

(<1000 g). A clinical trial, the Supplemental Therapeutic Oxygen for Prethreshold ROP
B+ cufmilalive Cloth Sour seciarl B O TR N BETIRN (s Il"Fl i{( "P

) trial, was designed to test whether supplemental oxy gen would decrease the
progression to threshold ROP in infants who had F-n.—'liuuw.lh Wd ROP. The STOP-ROP trial
demonstrated that use of supplemental oxygen at pulse oximetry saturations of 96%-99%
did not cause further progression of prethreshold ROP but also did not significantly re

duce the number of infants requiring peripheral ablative surgery. A subgroup analysis

ized n the Multicenter Tral of Cryo

Racieal A

for Astmos

suggested a benefit of supplemental oxygen among infants who have prethreshold ROP
without plus disease, but this finding requires additional study. Supplemental oxygen in-
creased both the risk of adverse pulmonary events, including pneumonia and/or exacer

followed by the development of straight vessels crossing the shunt, with an arteriovenous
feeder extending into the avascular retina.

Approximately 7% of infants with a birth weight of less than 1251 g eventually develop
threshold ROP. Those eves that demonstrate progression undergo a gradual transition
from the active to the cicatricial stage of ROP, which is associated with variable degrees of
fibrosis, contraciure of the ;\ru]licr.ﬂ ive tissue, and vitreous and retinal traction, macular

bations of chronic lung disease, and the need for oxygen, diuretics, and hospitalization at
3 months of corrected age.
In another study, the Light-ROP study, exposure to ambient light was found to have

: : : g no effect on the incidence or severity of ROP.
distortion, and/or retinal detachment.
Reymolds |1, Hardy R], Kennedy KA, Spencer R, van Heuven WA, Felder AR Lack of elficacy

Flyan |T, Bancalari E, Bachynski BN, et al. Retinopathy of prematurity: duagnosis, severity, snd
matural history. Ophthabmology. 1987,94:620-629

of light reduction in preventing retinopathy of prematurity. Light Reduction m nopathy
of Prematurity (Light-ROP) Cooperative Group. N Engl ] Med. 1998,338:1572- 1576,

Sepplemental Therapeutic Oxygen for Pre threshiold Retimopathy

Multicenter trial of cryotherapy for retinopathy of prematurity: preliminary resulis € ryotherapy { Prematurity (STOP-ROP

for Retinopathy of Prematurity l'_:mpcra'.wr Group. Arch Ophitfalmol. 1988;106:471 479,

a randomized. controlled trial. |- Primary outcomes. Pealiarescs. J000; 105:295- 310
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Vitamin E and other antioxidants were investigated for their potential efficacy in de-
creasing the incidence of ROP; however, interest in tésting the use of antioxidant therapy in
a multicenter trial diminished due to concerns aboul side effects of vitamin E and because
of the demonstrated efficacy of surgical intervention in patients with threshold ROP.

Cryotherapy to the avascular anterior retina in ROP eyes with threshold disease has
been demonstrated to reduce by .1prmuimnlch- half the incidence of an unfavorable out-
come such as macular dragging, retinal detachment, or retrolental cicatrix formation
{Figs 5-29, 5.30). These sequelae were reduced from 47% to 25% at 1 year of follow-up,
and the visual results in such cases have been shown to parallel the anatomical results. At
10 years, eves that received cryotherapy were still much less likely than control eyes 10 be

CETEELETY e
ty Cocpeitror g Aich Dpsivalmol 1988 106 474

Figure 5-30 Tampora Or g oif the rebna in a0 &ve with chrome changes of ROP iCowtesy

1 D
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blind. Cryotherapy should be performed in conjunction with pediatric consultation be
cavise 3% of treated patients can develop respiratory or cardiorespiratory arrest.

Brown G Tasman W3S, Naldot! ML Schatfer DB, Quinn G, Bhutani VE. Systemic complica
tions associsied with refinal crvesblanon for retinopathy of prematurity. Oprethadmolosy
1997855858,

Cryotherapy for Retinopathy of Prematarity Cooperative Grosp. Multicenter Trial of Cryo
therapy for Retinopathy of Prematurity: ophthalmological cutcomes at 10 yeirs. Arck Oph
thulencd. 2008 LIS E110- 1118

In the Early Treatment for Retinopathy of Prematurity Randomized Trial, a Proapec
tive, multicenter. randomized trial, infants with bilateral high-risk prethreshold ROP had
1 eve randomized to carly treatment with ablation of the avascular retina while the fellow
eve was managed conventionally (that i, observation until the eve either reached thresh
old disease and was treated or the ROP regressed without progressing to threshold). High
risk. was determined using & model based on the Multicenter Trial of Cryotherapy for
Retinopathy of Prematurity natural history cohort; this model used demographic charac-
teristics of the infants and clinical features of ROP to classify eves with prethreshold ROP
as high risk or low risk. In infants with high-risk prethreshold ROP, earlier treatment was
associated with a reduction in unfavorable grating visual acuity outcomes (from 19.5%
o [4.5%; P = 01) and a reduction in unfavorable structural outcomes (from 15.6% to
9.1%: P < _DO1) 2t 9 months. Further analvses supported retinal ablative therapy for eves
with type | ROF. defined as zone [, any stage ROP with plus disease; zone 1, stage 3 ROP
without plus disease; or zone 11, stage 2 or 3 ROP with plus disease. Analyses supported a
wait-and-watch approach to type 2 ROP. defined as zone |, stage | or 2 ROP without plus
disease or zone 11, stage 3 ROP without plus discase; these eves should be considered for
treatment only if they progress to type | or threshold ROP

Early Tremtment for Retinopathy of Prematurity Cooperative Groap, Revised indications for
the treatment of retinopathy of premuturity: results of the Eardy Treatmient for Retinopathy
of Prematurity Randomized Trial Anck Ophehialmiol. 2003:1 211684 1694

Good WV, Hardy Ri. The multicenter study of early treatment for retinopathy of prematurniy
[ETROF)., ETROP Multicenter Study Group. Ophthalmology. 2001 108: 10131014

Quiinn GE. Young TL. Retinopathy of prematurity, Focal Poimts: Clniaal Modules for Ot
miologisty. San Framcisco: American Academy of Ophthalmology: 2001, module 11

Most ophthalmologists who treat threshold or prethreshold ROP are now using laser
therapy rather than retinal cryoablation. The treatment is applied in a full-scatter fashion
1o the avascular anterior retina with the indirect ophthalmoscope (Figs 5-31. 5-32, 5-33)
Laser therapy is believed 10 be less traumatic systemically than cryoablation; it also ap-
pears to improve the chances for a better visual outcome. Largely becanse of its superior
clinical efficacy. laser therapy also appears to be a substantially more cost-effective modal
ity than cryotherapy.
Broram GO Brosn MM, Sharma 5, Tasman WS, Brown B Cost-effectivenesd of trestment for
theeshold retinopathy of prematuriny. Peodiatescs 1999104047

Connolly BP: McMNamars JA. Sharma §, Regillo CD, Tasmian W A comparison of leser pho
tocoagulation with trans-scleral cryotherapy in the treatment of threshold retmopathy of
prematurity: Ophthofmology. 1998105 16231631,
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ematurity. Laser ROP Study Group, Anch Ophithalmol

n G, Fede

IL Loaser ph gitlation for stage 3+ reti

c

. 1991:98:576-580

Figure 5-31 Lase Thrashokd aye [ 10 laser tharapy
T thersapy. D, 3 months &fter laser treat paster nopathy of prematurity: a
7 " I7- 1041
Attempts have been made to treat eves with stage 4 ROP (progressive, active phase
ROP) using scleral buckling or ns-sparing vitrectomy. For eyes with stage 5 disease,
vitrectomy surgery c ibined with scissors dissection of the fibrovascular membranes and
adherent vitreous has been anatomically successful in fully or |1.|rl:1.|i|\ r\'._]l1.|\'|1|n!: the
retina in approximately 30% of eves, Nevertheless, with a median follow up of 5 years,
only 25% of retinas in eves with initial partial or total reattachment afier surgery remained
rl'||'|1l\' attached. Amaong the patients whose retinas were initially reattached, mtl:.' 109 will
eventually have ambulatory vision. Eyes with surgical intervention in stage 4A rather than
in 4B or ave a more favorable course. Although several authors have reported anatomi
cal success in reattach a in eyes with stage 4B or stage 5 ROP-related retinal
detachments, visual o 20/400. More recently, it has been re-
ported that lens-sparing vitrectomy for tractional 44 ROP-related retinal detachments
may reduce the progression to stages 4B and 5 ROP, with the potential for improved visual
outcome
Capone A, Trese & Lens-sparing vitreous surgery for tractional stage 4A retinopathy of pre
maturity retinal detachments, Opithalmology 2000; 108: 2068- 2070
Noorthy SW, Small K. de Juan E, Machemer R. 5cleral I-ll.}.llll!; surgery tor stage 4B retinopat by
of wturity. Ophthalmology. 1992,99:263 - 268
Quinn GE, Dobson V, Barr CC, et al Visual acuitv of eyes atter v \-;|||n|1.'1t|1'- of
Harm . prematurity: follow-up at 5% vears. The Cryothe y for Ret v Lnaop
e laser pattern In avascular retina with plus diss and flat neo 3 I J ¥

Figure 5-32

erative Group. Oiphthalmology. | 96 103595600

Regeneron Ex. 2019
Fresenius v. Regeneron
IPR2025-01269

Page 57 of 73



150 = Retinag and Vireous

Trese MT. Scleral bockling For [ﬂ]mﬁ!al}n of premsturity Up\lrl'i‘hdnmﬁ?gr 1994;100:23-26.
Trese MT, Throste Pl Liong -term postoperative resalts of a consecutive serics of stages 4 and 5
retinopathy Of prematurity: Ophthabmology. 1998105992 -997.

Venous Occlusive Disease

Branch Retinal Vein Dcclusion

The ophthalmoscopic findings of acute BRVO include superficial hemorrhages. retinal
edema. and often cotton-wool spots (NFL infarcts) in a secior of retina drained by the
affected vein (Fig 5-34). Branch retinal vein occlusions occur most commaonly al an arte
riovenous crossing, and the degree of macular invelvement delermines the level of visual
impairment. When the occlusion does not occur al an arferiovenous crossing, the possi
bility of an underlying retinochoroiditis should be considered. The mean age for patients
at the time of occurrence is their sixties.

The obstructed vein is dilated and tortwoos, and, with time, the corresponding ar-
tery may become narrowed and sheathed. The quadrant most commeonly affected is the
superotemporal (63%); nasal vascular occlusions are rarely detected clinically. A varant
of BRVO based on congenital variation m central vein anatomy may involve either the
superior half or inferior half of the retina {hemispheric or hemicentral retinal vein occlu
sion; g 5-35).

The Eve Disease Case-Control Study identified the following abnormalities as risk
factors for the development of BRVO:

+ history of systemic arterial hypertension

» cardiovascular disease

» increased qu.i? mass index at 20 years of age
« history of glancoma

Diabetes mellitus was not a major independent risk factor
Histologic studies suggest that common adventitia binds the artery and the vein 10-
gether at the arteriovenous crossing and that thickening of the arterial wall compresses the

A

on (BEVOI, B, Fluomescein ar
ry nonparuson in the distr
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Figure 5-34 A, Superotemporal b
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A
Figure 535 A, He

vein, resalting in turbulence of flow, endothelial cell damage, and thrombaotic occlusion
The thrombus may extend histologically to the capilla

¥ bed. Secondary arterial narrow.
ing often develops in the ares of occdusion

Frangich GT, Green WR, Barraquer-Somers E, Finkelstein D, Hissopathologic study of nine
branch retinal vein occhusions. Asch Opdethanlminl 19821001 132~ 1140

Rask tac branch retinal vein occlusion. The Eve Discase Case-Contral Study Group, Am

1993;1 | 6:286- 296,

Visual prognosis in BRVO is most dosely related to the extent of capiflary damage and
retinal ischemia in the macula, Fluorescein angiography Is used to assess the extent and loca-
tion of retinal capillary nonperfusion. as shown in Figure 5-34. The integnty of the parafo-
veal capillaries is an important prognostic factor for visual recovery. Vision may be reduced
in acute cases from macular edema, retinal hemorrhage, or perifoveal retinal capillary occlu
sion. The hemorrhage resolves over time, and capillary compensation and collateral forma-
tion may permit restitution of flow with resolution of the edema and improvement in visual
function. In other eyes. however, progressive capillary closure may occur.

Extensive retinal ischemia (greater than 5 disc diameters) results in neovasculariza
tion from the refina or oplic nerve in approximately 40% of eves, and 60% of such eyes
will develop preretinal bleeding if laser photocoagulation is oot performed. Overall, ap-
F\n]xur:.ﬂg‘]? 50%~60% of patients with all types of BRVO will maintam visual acaity of
20/40 or better after | year.

Argon kaser scatier photocoagulstion for prevention of neovasculanzation and vitreous hem
wrrhage in branch vein oochubon: a randemized cdindcal trial. Branch Vein Occlusion Studs
Group Arch Opéthalmal. 19861043441

Fekrat S, Finkelstsin D, Venous ooclusive disease, Inc Regillo CD, Brown G, Frvnn HW fr, ads
Vitreorettmal Disetse: The Fasentials. New York: Thieme: 199%:117-132

Findings in eves with permanent visual loss from BRVO include the following

» macular ischemia
« cystoid macular edema
« macular edema with hard lipid exudates

Regeneron Ex. 2019
Fresenius v. Regeneron
IPR2025-01269

Page 58 of 73



152 » Retina and Vitreous

« pigmentary macular disturbance
«» subretinal fibrosis
« epiretinal membrane formation

Less commonly, vision is lost from vitreous hemorrhage or tractional and/or rhegmatoge-
nous retinal detachment, which typically develops following a break in the retina adjacent
1o, or underlying, an area

i retinal neovascularization

Photocoagulation

Photocoagulation therapy in BRVO is considered for the 2 major ..'urn}'!iu;ullum-: (1)
chronic macular edema in eyes with intact perifoveal retinal capillary perfusion and (2)
posterior segment neovascularization. For eyes with macular edema, it is suggested that
therapy be delayed for at least 3 months to permit the maximum spontaneous resolution
of the edema and intraretinal blood. Despite the persistence of macular edema, some eyes
will not be candidates for treatment because of permanent structural alierations caused by
central retinal capillary shutdown. Photocoagulation for macular edema accompanying
BRVO is usually given to eves with vision falling in the 20/40-20/200 range. It is typically
administered with the argon laser and is focused on edematous retina within the arcades
drained by the obstructed vein (Fig 5-36). Areas of capillary leakage as identified by recemt
fluorescein angiography are treated with a light grid pattern using 100-pm and 200-pm

Figure 5-36 A, Infer

am of A at 49 seconds after injec-

i i it srifovectar ret apillary bed 15 asse ally intact. C, At 393 seconc
r i, 4 f dye esent. D, Laser tocoagulation gven in a
gred wsing 1 the: argon F. (Coumesy of Gary © Brown
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spots. Leaking microvascular abnormalities may be treated direct
lateral vessels should be avoided

v, but prominent col-

Neovascularization of the iris is seen in approximately 1% of ¢yes with BRVO, Scat
ter panretinal laser photocoagulation can be considered in such instances 1o prevent the
development of neovascular glancoma.

The Branch Vein Occlusion Study

I'he Branch Vein Occlusion Study (BVOS) demonstrated that argon laser photocoagula

tion improved the visual outcome significamly in eyves with BRVO in which the foveal
vasculature was intact but macular edema had reduced vision to 20/40-20/200. Treated
eyes were more likely to gain 2 lines of visual acuity (65%) compared with untreated eyes
(37%). Furthermore. treated eves were more likely to have 20040 or better vision at 3 vears'
tollow-up (60% compared with 34% untreated), with a mean visual acuity improvement
of 1.3 ETDRS lines ve

treated group was in the 20/40-20/50 range; in the untreated group, it was 20/70.

Ll;.-!. A%gr ',1|||>I|=._.-..,'_.nl.llhill for macular edema in branch vein occlusion, The Branch Vein

imod, |984:98:271-282

Occlusion Study Group, Am ] Op

Panretinal photocoagulation to the area of retinal capillary nonperfusion was effec
tive In Causing regression of the new vessels in eves with retinal or disc neovascularization
(Fig 5-37). The BVOS showed that scatter argon laser photocoagulation reduced from
224 to 12% the risk of developing neovascularization in eves that had recently sustained
a BRVO involving a retinal area of at least 5 disc diameters. Although patients with large
areas of nonperfusion, such as that shown in Figure 5-34, were found to be al significant
risk for developing neovascularization, the BVOS concluded that ischemia alone was not
an indication for treatment provided that follow-up could be maintained. Rather, it rec-
ommended that patients be observed for the development of neovascularization, which
was an indication for photocoagulation

The BVOS also showed that scatter argon laser photocoagulation reduced the risk of
vitreous hemorrhage from 60% to 30% in eyes with a recent BRVO in which neovascular-
ization was already detectable. Clinically, it is important to distinguish collateral vessels

A ]

disc oc stemporal BRVO
B, Fluo 2in angiog to A3 f

_ . eals marked hy
e of the new vessels onginating
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from neovascularization of the disc or retina. Complete laser therapy may not be possible
in the presence of vitreous hemorrhage, and in such cases, peripheral retinal cryoablation
or staged photocoagulation may be useful
Vitrectomy surgery may be indicated for eyes that develop nonresorbing vitreous
hemorrhage or retinal detachment (see also Chapters 11 and 15).
Finkebstein I3, Clarkson JG, Hillis A. Branch and central vein occusions. Focal Posnts: Clinical
Maosdules for Ophthalmologiats, San Francisco: Amerian Academy of Ophthalmology: 1997,

module 9

Pars plana vitrectomy

Pars plana vitrectomy with arteriovenous sheathotomy has been reported in small. un
comtrolled series of patients with decreased vision due to BRVO and macular edema un-
respansive to laser treatment or not eligible for laser treatment according to BVOS criteria
{eg, macular ischemia, persistent and extensive macular hemorrhage). This treatment
modality has been investigated in one prospective, nonrandomized comparative inter-
ventional trial with concurrent control group.

Mason |. Feist R. White M. Swanner |, McGwin G. Emond T. Sheathotomy 1o decompres
branch retinal vein occlusion. A matched control study, Opfthalmology. 2004;1 11:540-545
Opremcak EM, Bruce RA. Surgical decompression of branch retinal vein occlusion via arterio

venous crossing sheathotomy: a prospective review of 15 cases. Retima. 1999;19:1 -5

Pharmacotherapy of BRVD

Intravitreal triamcinolone The SCORE (Standard Care With Corticosteroid for Retinal
Vein Occlusion) Study, a prospective, randomized controlled clinical trial 1o investigate
the safety and efficacy of intravitreal triamcinolone in patients with macular edema as-
sociated with BRVO and CRVO, has been funded hg' the Mational Eye Institute, Small,
uncontrolled series showed a temporary reduction in retinal thickness at the price of el-
evated 1OP and development of posterior subcapsular cataract.

Chen SD, Sundaram V, Lochhead . Patel CK. Intravitreal triamcinolone for the treatment of
Ischemic maculir edema associated with branch retinal vein occlusion. Am | Ophthaimeol
2006c ] 41876883

Intravitreal anti-VEGF antibodies A small, uncontrolled series shows promise in reducing
retinal thickness and improving vision in the short term. The study, even though un-
finished. suggests that anti-VEGF agents may be an adjunct in treating macular edema
related 1o BRVO.

Central Retinal Vein Occlusion

Long associated with a characteristic fundus appearance of dilated and tortuous retinal
veins, a swollen optic disc. intraretinal hemorrhages. and retinal edema, CRVO is now
classified by 2 ends of the spectrum of disease:

+ amild, nonischemic form sometimes referred to as partial, perfused, or venous stasis
retinopathy
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= a severe, ischemic form characterized by at least 10 disc areas, as demonstrated by
fluorescein angiography. of retinal capillary nonperfusion on 2 posterior pole view;

also known as nonperfused, complete, or hemorrhagic retinopatin

An intermediate. or indeterminate, form also exists, but more than 80% of these eves

Pr

Lress to the severe ischemic fOrm.

Baseline ar

ry reporl. The Central Vein Occl

sion Study. Arch Ophih

19931 1005

l[l-tnl"gl-. studies suggest that most forms of CRVO have a common mechanism
thrombosis of the central retinal vein at and posterior to the level of the lamina cribrosa
In some instances, an atherosclerotic central retinal artery may impinge on the central
retinal vein, causing turbulence, endothelial damage, and thrombus formation

Mild (roms

pl|.’.|'."\ defect. and mild visual field ¢ hanges. | 1||1|i|.|~.\'u|,ﬂ shows mild dilat

ertic) CRVO is characterized by good visual acuity, a mild afferent pu
1 and tortuos
itv of all branches of the central retinal vein as well as dot-and-flame I'L\-rl'|1|rrE'|.|g;-. in all
quadrants of the retina (Fig 5-38). Macular edema with decreased visual acuity and mild
g may or may not be present. If disc edema is prominent in younger
patients, a combined inflaimmatory and occlusive mechanism may be present that has
been termed p
of the retinal circulation time with breakdown of capillary permeability but minimal areas
of nonperfusion. Anterior segment neovascularization is rare in mild CRVO.

c) CRVO is usually associated with poor vision, an afferent pupillary

otic disc swell

phle Fluorescein angiography usually demonstrates prolongati

MVETE (15CRer

defect, and dense central scotoma. Marked venous dilation is present; more extensive 4
gquadrant hemorrhage, retinal edema (Fig 5-39), and variable numbers of cotton-wool
spots are frequently found as well. Fluorescein angiography typically shows widespread
capillary nonperfusion, as well as prolonged intraretinal circulation. The visual prognosis
is generally poor in ischemic CRVO, with approximately 10% of eyes achieving vision
better than 20/400. In addition. the incidence of iris neovascularization is hll_.‘,h (up 10
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A

Figure 519 A, Severs, of schemsc, CRVD n an eye with hand motions vison The veins
are dilated and reunal hemomhages are present. Unllee with the mikd vanant, marked retinal
edema casts a yeliow hue 10 the background fundus appearance and obscures the foveolar
reflex. B, Fluorescen angeogram comesponding 1o A at 1B seconds after ingection reéveals
widespread retinal capillary nonperfusion, which causes the mudsize and langer netinal vessals
to stand out in rebei from the gray. nonperfused areas. G

ey of Gary O Brown, MO

o

60%) in very ischemic eyes, usually occurring at a mean of 3-5 months after the onset of
symptoms.
Hayreh 53, Klugman MR, Beri M. Kimura AE, Podhaisky P Differentiation of ischemic from

non-ischemic central retinal vein occlusion during the early acute phase. Graefes Arch Clin
Exp Ophrthalmod. |990.228:201-217

Fatients may have premonitory symptoms of transient obscuration of vision prior
to overt retinal manifestations. Both types of CRVO are similar with regard to patient
age at onset (although mild forms generally occur at a younger age), associated local and
systemic findings, and laboratory studies. Although CRVO can occur and lead to severe
visual loss at younger ages. 90% of patients are older than 50 years at the time of onset.
Systemic associations noled in the Eye Diisease Case-Control Study include

« systemic arterial hypertension
« diabetes mellitus
« open-angle glaucoma

Increased intraorbital pressure is a rare but potentially important cause of central vein
occlusion.

Fekrat 5, Finkelstein [ Venous occlusive disease, [n Regillo CID, Brown GC, I-'l,_y'nn HW Jr, eds
Vitreoretinal Disedse: The Essemtials. New York: Thieme; 1999:117-132

Finkelstein D, Clarkson G, Hillis A Branch and central vein occlusions. Foval Poimts: Clirical
Moduides for l'.lfl\‘ﬂ'illifnux’nghh San Francmsor Amercan A,._..L-mlu wf lWhuLn—mﬁ.ﬁ!; 1997,
maodule 9. :

CGutman FA. Evaluation of a patient with central retinal vein occlusion. Ophthalmology.
9850 4R ] -4873.

Risk factors for central retinal vemn occlusion. The Eve Disease Case-Control Study Group.
Arch Oplthaleol. 19961 14:545-554,

It is commeon for patients presenting with CRVO to have elevated IOP or frank open-
angle glaucoma either in the affected eve only or in both eves. CRVO can also be followed
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by a transient shallowing of the anterior chamber that, in some instances, leads to angle-
closure glancoma.

Oral contraceptives and diuretics have been implicated in CRVO. Unusual diseases
that affect the blood vessel wall or cause alteration in clotting mechanisms and blood
viscosity may be associated with a CRVO-like picture. Examples include blood dyscrasias
(polycythemia vera), dysproteinemias, and causes of vasculitis (eg. sarcoidosis, systemic
lupus ervthematosus), and such hypercoagulable conditions as hyperhomocysteinemia,
protein § deficiency, and protein C deficiency.

It is particularly important to recognize that hyperviscosity retinopathy can mimic a
typical CRVO, However, the retinal findings in hyperviscosity retinopathy are generally
bilateral and usually related to dvsproteinemia such as Waldenstrom macroglobulinemia
or multiple myeloma. In many cases, the hyperviscosity can be reversed by plasmaphere-
sis. Diagnostic testing includes serum protein electrophoresis and measurements of whole
blood viscosity.

Evaluation and management

The ocular evaluation of CRVO requires measurement of 1OP 10 help detect glaucoma,
Gonioscopy should be performed in both eyes to determine a predilection for angle-closure
glancoma. evidence of previous angle-closure glaucoma, or signs of iris neovascularization.
Any elevation of IOP in the affected or fellow eve should be treated (see also BCSC Section 10,
Glavcoma)

The examiner should try to determine whether the vein occlusion is of the mild,
nonischemic or the severe, ischemic type. Visual acuity, visual fields, relative afferent
defect, electroretinogram, ophthalmoscopy. and fluorescein angiography are helpful in
making this determination. The retinopathy associated with carotid occlusive disease may
simulate CRVO and should be differentiated by determining retinal artery pressure and
evaluating the carotid

Kearns TF. Differential diagnosis of central retinal vein obstruction. Ophthalmology. 1983
W47 5—480.

Management considerations for patients with CRVO include treatment of any associ
ated medical conditions, such as hypertension, diabetes, elevated cholesterol, and hyper-
homocysteinemia, as well as a history of smoking. If tests for common risk factors for
CRVO are negative, selected tests should be considered for young patients with CRVO to
rule out thrombophilias, especially for patients with bilateral CRVO, a history of previous
thrombaosis, or a family history of thrombeosis. Grid pattern photocoagulation for macular
edema in CRVO was evaluated prospectively by the Central Vein Occlusion Study Group
(CVOS). The initial median visual acuity was 20/ 160 in treated eyes and 20/125 in control
eves. Final median acuity was 20/200 in treated eyes and 20/160 in control eyes. Thus,
even though grid laser treatment in the macula reduced angiographic evidence of macular
edema, it vielded no benefit in improved visual acuity. However. a trend was revealed in
the CVOS that grid laser treatment might be beneficial in younger patients in improving
wisual acuity in eves with macular edema.

Evaluation of grid pattern photocoagulation for macular edema in central vein occlusion. The
Central Vein Ovclasion Study Group M report. Ophithalmaology 1995102 14251433
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Lihey M, Tune M, K ¥ . et ol Lab y evahution of bypercoagulable states in pa-
2002 109: 126131,

Patients with CRYVO should be warned of the importance of reporting worsening vi-
sion, because some eyes with initially perfused CRVO progress to an ischemic pattern. In
the first 4 months of follow-up, 15%, and after 36 months, 34%, of initially perfused eyes
converted to ischemia

Surgical and pharmacotherapy of CRVO

Surgical decompression of CRVO via radial optic neurotomy, which involves sectioning
the posterior scleral ring, and retinal vein cannulation with an infusion of tissue plas-
minogen activator (1-PA) have been reported in uncontrolled series; the efficacy and risk
of these procedures are unproven.

Corticosteroids and therapies 1o reduce platelet adhesiveness (eg. aspinin) have
been suggested, but their efficacy and risk also remain unproven. Systemic anticoagu-
lation is not typically recommended. Case reports and smill case series have reported
that intravitreal triamcinalone acetonide may be associated with decreased macular
edema and improved visual acuity in some patients with CRVO: however, this treat-
ment modality has not yet been evaluated in a prospective, randomized, controlled
clinical trial.

Intravitreal anti- VEGF agents to reduce macular edema associated with CRVO are
presently under investigation and may be a valuable adjunct.

Inurrabde [, Spaide RF, Mererle CB, et al. Intravitrral bevacizumsh { Avastin) treatment of mac-
ular edema in central retinal vein occlusion: a short-term study. Refina. 200626279284,
Opremcak EM, Rehmar AJ. Ridenour €D, Kurz DE. Radial optic neurotomy for central retinal

vein occhision: 117 consecutive cases. Refima. 2006.26:297 -305.

Tewari HK. Sonv I Chawla R, Garg SF. Venkatesh P Prospective evaluation of intravitreal tri-

am<inolon: scetonide mpection m macolsr edema sssociatod with refinal vascular disorders.

Eur | Ophthadmol. 2005:13:619-626.
ks :
The CVOS found that the most important risk factor predictive of iris neovascularization
in central venous occlusive disease i poor visual acuity. Other risk factors found 1o be
capillary nonperfusion and intraretinal blood. A decreased electroretinographic bright-
flash, dark-adapted b-wavea-wave amplitude ratio may also help distinguish between the
ischemic and the nonischemic forms of CRVIO, but in this study, it did not add to the risk
factors predictive of iris neovascularization.

The CVOS reported that scatter PRP—whien applied before any iris neovasculariza:
tion had occurred —Ffailed to statistically significantly decrease the incidence of iris neo-
vascularization, even though the study participants assigned to scatter PRP had a greater
average amount of retinal updhrrmnpuﬂmrjnndﬂmm; Because
20% of the participants who had received scatter PRP before the development of any iris
neovascularization still developed it despite prophylactic laser, careful follow-up of pa-
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tients at high risk of iris neovascularization is necessary. A dense central scotoma is com-
mon in ischemic CRVO, and laser PRP may add a peripheral scotonsa, possibly leaving
less useful retina and visual field. Therefore, the CVOS recommended waiting for at least
2 clock-hours of iris neovascularization to show on undilated gonioscopy before perform-
ing PRP In clinical practice, however, prophyiactic PRP is often performed at the first
sign of iris neovascularization, particularly when close follow-up is not possible or seems
unlikely. Intravitreal anti-VEGF agents may be used to reduce iris neovascularization in
the short term.

Natural history and chnscal management of central reunal vein occhusion. The Cenral Yein
Dcchision Study Group. Anch Ophthalmol 1997:115-486—491.

A randomized clinical trial of carly panretinal photocoagulation for ischemic central vein
occlusion. The Central Ve Occlusion Study Group N report. Ophrhalmology, 1995102
434 144,

Retinopathy of Carotid Occlusive Disease

Chronic ipsilateral carotid occlusion can canse a retinopathy similar in appearance to a
partial occhusion of the central retinal vein and was, therefore, originally called venous sta-
sis retimopathy. Hemorthages in carotid occlusive disease are commonly deep and round
and more often located in the midperipheral retina. Typically, the retinal veins are dilated
in both CRV) and carotid artery occlusive disease; however, veins tend to be more tortu-
ous in CEVOL A helpful method for differentiating between the 2 entities is to measure
the retinal artery pressure by ophthalmodynamometry. CRVO will have normal artery
pressure, whereas carotid occlusive disease will have a low artery pressure.

Arterial Occlusive Disease

The blood supply to the inner layers of the retina is derived entirely from the central
retinal artery, unless a cilioretinal artery is present (15%-30% of eyes). Retinal ischemia
results from disease processes affecting the afferent vessels anywhere from the common
camotid artery to the intrarefinal arterioles. The signs and symploms of arterial obstruc-
tion depend on the vessel involved: occlusion of a peripheral extramacular arteriole may
be asymptomatic, but ophthalmic artery disease can cause total blindness.

Precapillary Retinal Arteriole Obstruction

Acute obstruction in the distribution of the radial peripapillary capillary net leads to the
formation of an NFL infarct, or cotton-wool spot, thus imhibiting axoplasmic transport in
the NFL. These mner retinal ischemiic spots are superficial, white, typically ' disc area or
less in size, and perpendicular to the optic disc. They usually fade in 5-7 weeks, although
those seen in association with diabetic retinopathy often persist longer (Fig 5-40), A subtle
retinal depression caused by inner retinal ischemic atrophy may develop in the area of
prior ischemia. The effect on visual function, including loss of visual acuity and field de-
fects, is related to the size and location of the occluded ares.
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Figure 5-40 Cotton-wool Spot. iCoutesy of Gary

Diabetic retinopathy, the most common cause of cotton-wool spots, was discussed
earlier in this chapter. Although the clinical findings are similar, many other diverse causes
of precapillary arteriolar closure have been identified:

systemic arterial hypertension
cardiac embolic disease

carotid artery obstructive disease
sickle cell retinopathy

radiation retinopathy

vasculitis

collagen-vascular disease

leukemia

acquired immunodeficiency syndrome (A1DS)

The observation of even 1 cotton-wool spot in the fundus of a patient without diabetes
should alert the clinician to initiate a workup for an underlying systemic etiology.

Brown GC, Brown MM, Hiller T, Fischer I3, Benson WE, Magargal LE. Cotton-woaol spots.
Retina, 19855:206-214
lampol LM. Artertolar occhusive diseases of the macula. Ophthalmology. 198390534 -539,

Branch Retinal Artery Occlusion

Although an acute BRAO may initially not be apparent ophthalmoscopically, within hours
to days it leads to an edematous opacification caused by infarction of the inner retina
in the distribution of the affected vessel (Fig 5-41). With time, the occluded vessel re-
canalizes, perfusion returns, and the edema resolves; however, a permanent field defect
remains. Beyond the posterior pole. occlusion may be clinically silent.

Occlusion at any site is a result of embolization or thrombosis of the affected vessel.
Three main varieties of emboli are recognized:

I. cholesterol emboli (Hollenhorst plagques) arising in the carotid arteries (Fig 5-42)
2, platelet-fibrin emboli associated with large-vessel arterinsclerosis
3. calcific emboli arising from diseased cardiac valves

Rare causes of emboli include cardiac myxoma, fat emboli from long-bone fractures, sep-

tic emboli from infective endocarditis, and talc emboli in intravenous drug users. Rarely,
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Figure 541 Inferotempodal branch retinal ar
tery obstruction. The wisual acuity was 20/30
retumad 1o 20020 over several woeks

Waay of Gavy . Browen, 8D )

Figure 5-42 Branch artery occl

opacitication and edema in the i

on. Mote the Hollenhorst plagues and zone of intraretina
niar macula

migraine in patients younger than 30 years of age causes ocular arterial occlusions, Other

associations include

trauma

coagulation disorders

sickle cell disease

oral contraceptive use/pregnancy

mitral valve prolapse

llll]urnl'n..j!:rr}' and/or infectious et Itliup,u.'.'\ such as Illhnp"thTliL‘ retinochoroiditis

and syphilis
connective tissue disorders, including giant cell arteritis

Managemen! is directed toward determining systemic etiologic factors. No specific
ocular therapy has been found to be effective in improving the visual prognosis. Pressure
on the globe may dislodge an embolus from a large central vessel toward a more peripheral
location, but the efficacy of this maneuver in improving visual outcomes is unknown
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Central Retinal Artery Occlusion
Sudden, complete, and painless loss of vision in | eye is characteristic of central retinal
artery occlusion (CRAO). The retina becomes opaque and edematous, particularly in the
posterior pole where the nerve fiber and ganglion cell layers are thickest (Fig 5-43). The
orange reflex from the intact choroidal vasculature beneath the foveola thus stands out in
contrast to the "-I.IIrI.FI.]I'IlIIFIH LT ['IL'II'I.II retina, pr‘.“.llh.ll'll.l [hl' lJJl'f"I' '!'Fj 'i]!!lrlf

With time, the central retinal artery reopens or recanalizes and the retinal edema clears;
however, the effect on visual acuity is usually permanent because the inner retina has been
imfarcted. In one study, 66% of eyes had final vision worse than 200400, and [8% of eyes
had vision of 20040 or better: Most cases of 20/40 or better vision occur in the presence of a
patent cilioretinal artery, which preserves the central macula (see Fig 5-43). Loss of vision
to the level of no light perception is often associated with choroidal vascular insufficiency
(partial or complete ophthal:
retinal artery (Fig 5-44).

Studies in nonhuman primates have suggested that irreversible damage to the sensory

ic artery occlusion) in addition to occlusion of the central

reting occurs after 90 minutes of complete CRAQ. Nevertheless, clinical return of vision
can be seen in some instances even if the obstruction has persisted for many hours.

CRAQ is often caused by atherosclerosis-related thrombosis occurring at the level of
the lamina cribrosa. Embolization may be important in some cases, as are hemorrhage
under an atherosclerotic plaque, thrombaosis, spasm, and dissecting aneurysm within the
central retinal artery. Overall, emboli are séen in the retinal arterial system in approxi-
mately 20M% of eyes with CRAC
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Emboli within the carotid distribution may cause transient ischemic attacks (TI1A)

and/or amaurosis fugax. Bright cholesterol emboli, or Hollenhorst plagues, seen typically
at retinal arterial bifurcations, sugiest a carotid atheromatous origin and, when accom
panied by relevant symptoms and findings, may be an indication for carotid artery treat
ment. Systemic etinlogic considerations, as outlined for BRAQ, are important and require
evaluation, It should be noted that the leading cause of death in patients with retinal arte

rial obstruction is cardiovascular disease

Brown Gi gargal LE Central retinal artery obstruction and visual acuity. Ophthalmology

1982 8% 14-19

lnlerance

Hayreh 55, Kolder

timie, LAp

gefst TA. Central retinal artery occlusion

|9RERT 75~ TR

Giant ¢ s accounts for approximately 196-2% of cases of CRAQ, For this rea-

son, an erythrocyte sedimentation rate (ESR) should be obtained in cases of CRAO in

arrer

which embaoli are not readily visible. Testing the C-reactive protein level is also recom

mended. Unlike the rather wide range of “normal” values seen with an ESR, the range of

“normal” serum C-reactive protein levels is smaller and does not vary by age. Obtaining

both ESR and C-reactive protein levels improves the sensitivity and specificity of a giant

cell arteritis diagnosis. Elevated ]"l.l[l'lﬂ counts are also suggestive of giant cell arteritis. If
this condition is suspected as a cause, corticosteroid therapy should be promptly instituted

rs o l|.1:.'\ alter the

because the second eye can become involved by ischemia within he
first, and a temporal artery biopsy should be obtained. See BCSC Section 1, Update on

General Medicine, for further discussion of giant cell arteritis.
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Management

If therapy for CRAO is to be instituted, it should be undertaken without delay. Unior-
tunately, treatment efficacy is questionable. Steps include reduction in 10P by ocular
massage, anterior chamber paracentesis, ar use of retrobulbar anesthesia. Treatments ad-
voscated in the past have included inhalation therapy with a 95% oxygen-5% carbon diox-
ide mixture and the use of oral acetazolamide and aspirin. Because of their apparent lack
of efficacy, these treatments are ne longer advocated.

Atchara NH. Beown GC, Cater | Efficacy of amterinr chamber paracentesis and Car
bogen in treating acute nonarteritic central retinal artery occluson. Cphthatmmilogy.
1995102 20292034

Brows G, Arterial ovclusive disesse. In: Regilla €0, Brown GC, Flyan HW Ir ede. Vitrean)
mal Disease The Fusentiols New York: Thieme; 1999:97-115

Experimental data have shown that ischemic retinal damage may arise not only from
the presence of retinal nonperfusion but also from a cascade of events that injure cells
after the tissue becomes reperfused. In the future, it may be possible to minimize damage
with drugs that block this cascade of oxidative and membrane damage.

Iris neovascularization develops after acute CRAQ in approximately 18% of eyes 1-12
weeks after the event, with a mean time interval of approximately 4-5 weeks. Full-scatter
PRP is effective in cr.nilc.ﬂlng the new irs vessels in about two thirds of cases.

Ocular Ischemic Syndrome

Ocular ischemic syndrome is the name given to the ocular sympioms and signs atiributable
to chronic, severe carotid artery obstruction. although chronic ophthalmic artery obstruc-
tion can cause a similar clinical picture. Atherosclerosis is the most common etiology, but
possible causes include Eisenmenger syndrome, giant cell arteritis, and other inflamma-
tory conditions. Most patients are older than 55 years of age. Typically, a 90% or greater
ipsilateral obstruction is necessary 1o cause the ocular ischemic syndrome. Both eyes are
involved in about 20% of cases,

Symproms include visual loss usually occurring over a period of weeks to months,
aching pain localized 1o the orbital area of the affected eve, and prolonged recovery fol-
lowing exposure to a bright light. Anterior segment signg include inis neovascularization
in two thirds of eyes and an antenior chamber cellular response in about one fifth of eyes.
Although iris neovascularization & very prevalent, only half the eyes with this condition
show an increase in 10P; the low or normal IOP found in the other half is mast lkely
caused by impaired aqueous production. Posterior segment signs include narrowed reti-
nal arteries, dilated {but generally not tortuous) retinal veins, retinal hemorrhages, micro
aneurysms, and neovascularization of the optic disc and/or retina (Fig 5-45),

Fluorescein angiography reveals delayed choroidal filling in 60% of eves. delaved arte-
novenous transit time in 95% of cyes. and prominent vascular staining {particularly of the
arteries) m B5% of eyes. Electroretinography often discloses diminished amplitude of the
a- and b-waves asa result of outer and inner layer retinal ischemia, respectively.

Approximately one half of patients with ocular ischemic syndrome also have ischemic
cardiovascular disease, one fourth have had a previous cerebrovascular accident. and odie
fifth have peripheral atherosclerotic vascular discase so severe that a previous surgical
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procedure was necessary. The stroke rate is increased over that in the general population.
and the 3-year mortality is approximately 40%. As with retinal arterial obstruction, the
majority of deaths occur secondary to the complications of cardiovascular disease

The natural history of vision in eves with ocular ischemic syndrome is uncertain, bt
when rubeosis iridis s present, more than 90% of those eyes are legally blind within a year
after the discase is discovered. For this reason, timely diagnosis is essential. Full -scatter
PRP is effective in eradicating rubeosis in about 35% of eves

The most definitive treatment for ocular ischemic syndrome appears 1o be carotid ar-
tery stenting and endarterectomy, although visval results are variable, Unfortunately, the
procedures are ineffective when there is a 100% obstruction, which is often the case in ocular
ischemic syndrome patients. Extracranial to intracranial bypass surgery has been attempted
im stich cases but has been shown 1o be ineffective in preventing visual loss or stroke,

In eves with iris neovascularization and low or normal 1OP as a result of impaired
ciliary body perfusion and decreased aqueous formation, endarterectomy can lead 1o in

creased agueous formation and 2 severe rise in 10R

Brown G, Arierial occlusive disease. [n: Regillo CD, Brovam GC, Flyng HW Jr, eds. Vitreowels
nal Deiease: The Esentinls. New York: Thieme; 199997115

Sharma 5 Brown (3 Ooular schemic smdrome. in: Bvan 5], Himdon DR, Schachar AR

a. 4th ed. Philadelphoa: ElsevieriMosby; 2006:149] - 1502

Wilkinson CBeds. R

Data from the North American Symptomatic Carotid Endarterectomy Trial Collabo
rators are applicable to some patients with oc ular ischemic syndrome. The study demon
strated that symptomatic patients (those with a history of amaurosis fugax. a hemispheric
TIA. or a nondisabling stroke) with a 70%-99% carotid artery stenosis have a 2-vear stroke

rate of 9% in the endarterectomy group versus 4 26% rate in 4 control group treated with
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areas of low reflectivity (reduced reflectivity) more prominently in the inner nuclear
and outer plexiform layers. This finding correlates with histopathologic studies that
indicate swelling in and between miillerian glia. On occasion, a nonreflective cavity can
be found underncath the neurosensory retina that is consistent with subretinal fluid
accurmulation. Because of the radial foveal arrangement of both glia and Henle inner
fibers, this pooling classically forms a flower-petal pattern (Fig 5-47). Severe cases may
be associated with vitritis (vitreous cells) and optic nerve bead swelling,

Gass [, Norton EW. Follow -up sedy of cvstusd macular edema following cataract extraction
Trams A Acaed Oipirthabmol (eolaryngol 19639,7 365682

Abnormal permeability of the perifoveal retinal capillaries may occur in a wide variety
of conditions, including diabetic retinopathy, central and branch retinal vein occlusion,
any type of uveitis (particularly pars planitis), and retinitis pigmentosa. These capillary
changes may also follow any type of ocular surgery, such as cataract extraction, retinal
detachment surgery, vitrectomy, glaucoma procedures, photocoagulation, and cryopexy.
CME has been triggered by prostaglandin analogs used in the treatment of glavcoma.
Subretinal disezse (choroidal neovascularization, choroidal hemangioma) must also be
considerad when CME is detected: see Chapter £

Rare causes of cystic macular change of différent pathogenesis (such as X-linked he-
reditary retinoschisis, Goldmann-Favre disease, some cases of retinitis pigmentosa, and
nicotinic acid maculopathy) are distinguishable by the dinical setting, family history, and
the lack of late fluorescein leakage into the cystlike spaces, as well as by OCT.

The term frvime-Gass syndrome is used for CME following cataract surgery. which
is a common and important setting. For patients who have undesgone intracapsular fens
extraction, the incidence is as high as 60%, although it is lower when the posterior cap-
sule remains intact. Intrzocular lens implantation at the time of extracapsular surgery
does not appear 10 increase the incidence of CME. The peak incidence occurs 6-10 weeks
postoperatively. with spontaneous resolution occurring dinically in approximately 95%

647 CME Fluorescen angeogram demansirates hyperfluarescant ditsted capdianes in
early frames (&) wan iale srscating sccumuiaton of fluotescesn n a pemiosd pattern (BY). Dhac
SianiIng = 350 oty assocsated
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of uncomiplicated cases, usually within 6 months. Most such cases of CME are mild and
asymptomatic; it is nelevant to distinguish between symplomatic, or clinical, CME and
adema apparent only on fluorescein angiography (angivgraphic CME). More severe CME
may resull in permanent visual loss. The incidence of CME increases with significant
postoperative uveitis and with surgical complications such as vitreous loss or iris prolapse,
Increased incidence may be related to 0L complications and photic effects as well. See
also BOSC Section 11, Lens and Cataract.

Berkow W, FHower EW, Orch DH. Xelley 1S. Fluorescom and Indocyarme Green Amgiograpie-
Techmisgue and Inserprocstion. 2nd ed. Ophithabmology Monograph 3. San Francisco: Ameri-
can Academy of Ophithalmology: 197:117-118

Although the source of edema has been demonstrated, the precise cause of CME is
upknown. Iniflammation is undoubtedly important, as evidenced by dinical and patho-
logic association with varying degrees of iritis, cvclitis, vitritis, and retinal phlebitis. Other
important clinical associations include systemic vascular disease sach as hypertension or
diabetes and age greater than 60 vears.

The effect of therapy on CME is difficult to evaluate because of the high rate of spon-
taneous resolution, but it is reasonable to treat eyes with clinical evidence of intraocu-
lar inflammation. Pharmacologic therapy may be considered for prophylaxis as well as
for established edema. For prophylaxis of CME, several studies have demonstrated that
topical and systemic indomethacin is effective in reducing the incidence of angiographic
CME. Topical. periocular, and systemic corticosteroids have been used., as well as prosta-
glandin inhibitors and carbonic anhydrase inhibitors, which are believed to enhance fluid
transport across the RPE. Corticosteroids may be beneficial for established CME. but the
recurrence rate is high following cessation of steroid therapy. Improvement of visual acu-
ity in eves with chronic aphakic or pseudophakic CME has been demonstrated in a multi-
center clinical trial using topical 0.5% ketorolac tromethamine ( Acular).

CME may be associated with vitreous adhesions to the iris or a cormeoscleral wound,
presumably due to persistent uveitis and perhaps vitreoretinal traction. Interruption of
the vitreous strands by vitrectomy surgery or use of the Nd:YAG laser may be helpful

Cox SN, Haw E. Bard AC. Trestment of chronic macolar edema with acetasolambde. Arch Oph
thanhipod. | 958106 | 190- 1195

Flach Al Jampol LM, Weinberg 13, ef al. Improvement in visual acuity in chronic aphakic and
peendophakic cvatodd macular edemna after treatment with topical 0.5% ketorola trometh
amine. Am | Opithuiimal. 1991:1 12-514-519:

Fung WE Surgical therapy for chronic aphakic cystoid maculsr edema. Ophthalmodoy
ISR LR9-F9E-901

Harbour [W, Seiddy WE, Rubsamen PE. Murray T0. Davis L, Flynn HW. Fars pliatia vt rectosm
for chronic psedophakic cystond macular cdemma. Aw | Ophthabmed. 1995120302 - M7

Heier 5. Topgping TM. Baumann W, Dirk MS, Chern 3. Ketorolac versas prednisalone versas
combimation therapy in the treatment of acute pendophakic cystosd macular edema. Oph
shulmology. 2000:107-2034- 2038

Weisz |V, Bressder NM, Bressler SB, Schachat AP, Ketorolac treatment of pseudophakic cvssosd
macular edema identified more than 24 months afier cataract extracton. Ophithalmedegy
T, | O | 656~ 1459
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Coats Disease

Coats disease is defined by the presence of vasc ular dilatations (retinal EL‘I:IJ'IgIt‘ClilSlﬂ-J. in-
cluding ectatic arterioles, MICrOANEUrysms, venous dilations H‘l‘a]d"t‘liti'l‘:i-‘-‘-i- and fusiform
L.lplll.l-r'-' dilatations, frequently associated with exudative retinal detachment, Despite
the presence of retinal capillary nonperfusion shown by angiography, posterior segmenl
neovascularization is distinctly unusual. The abnormal vessels are incompetent, resulting
in the leakage of serum and other blood components, which accumulate in and under
the reting. Any portion of the peripheral and macular capillary system may be involved.
Variation in the clinical findings is wide, ranging from mild retinal vascular abnormalities
and minimal exudation to extensive areas of retinal telangiectasia associated with massive
leakage and exudative retinal detachment, as may be seen in children presenting with

lenkocoria {Coats reaction; Fig 5-48).

Figure 5-48
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I'his retinal condition is not hereditary and is not associated with systemic vascular
abnormalities, even Ihum_.:h 4 gene has been located on chromosome 4. Entities such as
retinitis pigmentosa and others may occasionally be associated with retinal telangiectasia,
Usually only 1 eye is involved, and there is a marked male predominance (85%). Gradual
progression with increasing exudation occurs over time, The severity and rate of progres

sion appear greater in patients undeér the age of 4 years, in whom massive exudative reti

nal detachment with retina apposed to the lens may simulate retinoblastoma. Therefore,
Coats disease is included in the differential Ji.i_gnu:ii-i of leukocoria {apart from Coats
disease, the difterential diagnosis for leukocoria in this age group includes retinoblastoma,
retinoma, retinal dysplasia. coloboma, myelinated nerve fibers, astrocytic hamartoma,
granuloma, persistent fetal vasculature [PFV], trauma, endophthalmitis, incontinentia
pigmenti, ROP, FEVR, and Norrie disease). BCSC Section 4 Ophithalmic Pathology and
Intraocular Tumors, discusses retinoblastoma in depth

Patients with peripheral areas of leaky vascular anomalies typically present with lipid

l1L'|"l\.‘-'I'|II|['| in

1 otherwise angiographically normal macula, as hard exudate tends to ac

cumulate in the macula, Similar findings seen in adults probably represent late decom
ar anomalies. Occasionally, a submacular lipogranuloma

or subretinal fibrosis is the initial finding. The differential diagnosis may include

pensation of preexisting vascu

+ dominant (familial) exudative vitreor
« facioscapulohumeral muscular dystrophy
+ ROP

« capillary hemangioma (von Hippel)

For milder cases of lipid exudation, diabetic retinopathy, BRVO, juxtafoveal retinal telan-
giectasia, and radiation retinopathy may be considered
Treatment of Coals discase generally consists of photocoagulation, cryvotherapy, and,

in severe cases, retinal reattachment surgery. Photocoagulation and cryotherapy are effec
iterating the vascular anomalies and in halting progression. Multiple treatments

may be necessary; and long-term follow-up is important to detect recurrences.

EIve 1n o

Shields JA, Brown GC, Tasman W. Coats’ disease: evaluation of management. Oph

ogy. 1982:89:1381- 1 387

Parafoveal (Juxtafoveal) Retinal Telangiectasia

Focal retinal gliosis and telangiectasia of the capillary bed, confined to the juxtafoveolar
region of 1 or both eyes, may resull in visual loss from capillary incompetence and exuda-
tion (Fig 5-49) |I|~.1|r|1,|1 hologic evidence suggests that this is not a true 'h'|.1|:}:|nl.'|~|.| bl

rather consists of structural abnormalities similar to those of diabetic microangiopathy,

with deposits of excess basement membrane within the retinal capillaries. The entity has

been subdivided into 3 groups:

Group I: Unilateral parafoveal telangicctasia, congenital or acquired
Group 2: Bilateral parafoveal telangiectasia (Fig 5-50)

Group 3 Bilateral perifoveal telangiectasia with retinal capillary obliteration
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“Il1ll-|‘ 1. which 1!]‘!:\151 occurs in males, resembles a macular variant of Coats disease
with a circinate type of exudates, also known as Leber miliary aneurysms. Patients in
group 2, either males or females, usually have bilateral thickening of the retina, most pro-
nounced in the temporal fovea and likely predominantly glial (a “swollen” hamartia). As
the lesion ages, intralesional RPE migration is often present, and choroidal neovascular
ization may subsequently dey elop, Visual loss ranges from mild to severe. More than one
third of patients with this varfant have an abnormal glucose tolerance lest. Cases in group
3 show progressive loss from the obliteration of the perifoveal capillaries.

Photocoagulation treatment may be indicated for group 1 cases and can be successful
in resolving exudation. Group 2 and group 3 eyes typically do not respond 1o photoco-

.Il:ll]a.‘liluﬁ'r because leaky vessels are not the ].'Il‘LlLII'ILil'|.1|:I1 feature. The differential q.li;ml]ml-

includes, but is not limited to, branch vein or w:||l|||.' obstruction, diabetes, r.n|.1.|.l:|m| retl

A
nopathy, and carotid artery disease.

exudate and rypecal capiltary
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Gass D, Blodi BA. Idiopathic juxtafoveolar retinal telangiectasis: updite of classification and
follovw-up study. Opdti Nogy. 19931001536~ 1 546
Park DW, Schatz H, McDomald HR, Jol

edema in bilateral juxtafoven telangiectasis. Opfithalmology. 1997, 104: 18381846

son RN, Grid laser photocoagulation for macular

Arterial Macroaneurysms

Retinal arterial macroancurysms are acquired ectasias of mostly second-order retinal ar-
|

retina. Visual loss may occur from embolic or thrombotic occlusion of the endarteriole

terioles (Fig 5-51). Large macroaneurysms can actually traverse the full thickness of the

(white infarct); sub-1LM hemorrhage; or intraretinal, subretinal, or vitreous hemorrhage

{red infarct), Other retinal findings may include capillary telangiectasia and remodeling,
as well as retinal edema involving the macula, Frequently, there are multiple arterial mac

roaneurysms, although only 10% of cases are bilateral. They are associated with systemic
arterial hypertension in about two thirds of cases and can follow a CRVO. Sclerosis and
spontaneous closure often accompany macroaneurysm related hemorrhage; only rarely

does bleeding occur more than once
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Laser photocoagulation treatment may be considered if increasing edema in the
macula affects central visual function. The surface of the leaking abnormality may be
treated lightly with large-spot-size (200-500 pm) burns; treatment to nonperfused retina
immediately adjacent to the ancurysm may also be considered. Caution should be used
when treating macroaneurysms that occur in macular arterioles, because one of the main
complications of the disease and of its therapy is thrombasis and retinal arterial obstruc-
tion distal to the macroaneurysm,

Brown DM, Sobol WM, Folk JC, Weingeist TA, Retinal arteriolar macroancurysms: long-term
visual outcome. Br | Ophitbaleol, |594.78:534-538

Chew EY, Murphy RP. Acquired retinal macroaneurysms. ln: Ryan §), Hinton DR, Schachat
AP, Wilkinson CP. eds. Retina. 4th ed. Philadelphis: Elsevier/Moshy: 2006:1475-1478

Rabb ME Gagliano DA, Teske MP. Retinal arterial macreancurysms. Surv Ophthalmiol
| 9BK: 337596

Phakomatoses

Conventionally, a number of syndromes referred to as phakomaloses (“mother spot”) are
grouped lposely by the common features of ocular and systemic involvement of a congeni-
tal nature, Most, but not all, are hereditary. With the exception of Sturge-Weber syndrome,
the phakumamw‘s involve the neuroretina and its circulation. For further discussion of the
phakomatoses, see BCSC Section 5, Newro-Ophthalmology, and Section 6, Pediatric Oph-
thalmology and Strabismus.

Retinal Angiomatosis

Capillary hemangioblastomas develop in the retina and optic nerve head in retinal angio-
matosis. The early lesions are small and easily overlooked clinically but may be seen using
fluorescein angiography. A fully developed lesion is a spherical orange-red tumor fed by
a dilated, tortuous retinal artery and drained by an engorged vein (Fig 5-52). Multiple
hemangioblastomas may be found in the same eve, and bilateral involvement occurs in
50% of patients. Angiomas affecting the optic nerve head and peripapillary retina may be
more difficult to recognize because of the absence of visible afferent and efferent dilated
vessels. Lesions in such locations are predominantly subretinal or epiretinal (exophytic or
endaphytic)

An angiomalous variant {vasoproliferative tumaor) has been described, with the lesion
located peripherally and not associated with large feeding and draining vessels or with
systemic manifestations. Vasoproliferative tumors have also been reported as late sequelae
of ROP and associated with retinitis pigmentosa.

Leakage of plasma constituents from a hemangioblastoma may lead to serous detach-
ment of the retina and/or accumulation of exudate in the macula, resulting in a reduction
in visual acuity (Fig 5-53). Occasionally, vitreous hemorrhage or tractional detachment
may occur. Neavascularization of the optic disc, retina, and/or iris may develop following
retinal detachment.

Retinal angiomatosis has both a hereditary and a sporadic form. The mode of trans-
mission is autosomal dominant, often with incomplete penetrance and variable expression.
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The retinal and/or optic disc lesions that are limited to the eye have also been referred to
as von Hippel lesions. When retinal angiomatosis is associated with central nervous sysiem
and visceral involvement, the eponym vor Hippel-Linday disease is used. For a more ex
tensive discussion of von Hippel-Lindau disease, see BCSC Section 6, Pediatric Oplithal
maology and Strabismus.

Central nervous system tumors (hemangioblastomas of the cerebellum, medulla,
pons, and spinal cord) accur in 20% of patients. The visceral lesions include cysts of the
kidney, pancreas, liver, epididvmis. and ovary. Renal cell carcinoma, meningiomas, and
pheochromocytomas have also been associated. When an ocular lesion is discovered, a
systemic workup should also be considered for possible renal cell carcinoma and pheo
chromocyioma, as well as for ceniral nervous system lesions. The leading canses of death
in patients with von Hippel-Lindau disease are cerebellar hemangioblastoma and renal

cell carcinoma

Gass I, Braunstein R, Sessile and exophytic capallary angromas of the juxtapapillary reting

TORDSE: | 790 1797

and optic nerve head, Arch Oplerbal

Hardwig P, Robertson DM. von Hippel-Lindau disease: a familial, ofien lethal, multi-system
phak-:-rr'_a".-n-n. f:Jlva.'r.'nJ_[rrrn.'u_;'. 198491 :263-270

Shiclds 1A, Decker WL, Sanborn GE, Augsburger T, Goldberg RE. Presumed acquired retinal

hemangismas. Ophithalmolegy. 1983901292~ 1300

Manv retinal hcm.sngJulanlnm.n are believed o |'|1|.|.|'[.::' over time, related 1o an
increase in capillaries but also in interstitial cells. Photocoagulation and cryotherapy
have been used to treat the angiomatous lesions directly. Ocular management, therefore,
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generally includes treatment of all identified retinal angiomas and careful follow-up to
detect recurrence or the development of new lesions, Shrinkage of the angioma, anenu-
ation of the afferent vessels, and resorption of the subretinal fluid occur with successiul
treatment. Therefore, consideration may be given to treating smaller retimal angiomas.
Early diagnosis increases the likelihood for successful treatment. Treatment is hazardous
and may be associated with a temporary, marked increase in the amount of exudation,
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Congenital Retinal Arteriovenous Mallormations

Congenital retinal arteriovenous malformations are rare developmental anomalies in
which no intervening capillary bed exists {racemose angioma) The abnormalities may
range from a ‘:'151:’ AMTEMOVETIONS JOMMIMUNICion (o a fDﬂIF‘l.{l ANASIOMONT SVSIEmL
Lesions are typically unilateral, nonhereditary, and located in the retina or optic nerve
They do not show leakage on Hluorescein angiography. 1f the lesions are large, however, they
may be associated with subretinal Muid and exudate. The retinal lesions may be associated
in some cases with similar ipsilateral vascular mallormations in the brain, face, orbit, and
mandible { Wiydurn- Mason syndrome). Associated central nervous vascular malformations
tend 1o be located deeply and follow the optic tract. Many of the retinal malformations
remain asymptomatic, whereas dental extractions may become memorable related 1o un-

suspecied intraosseous vascular malformetions and unexpected hemorrhage.

Retinal Cavernous Hemangioma

Although most cases of cavernous hemangioma are sporadic and restricted (ot

 retina

or optic nerve head, tf

v may ocour in 2 familial (autosomal dominant) pattern and may

be associated with intracranial and skin hemangiomas. For this reason, cavernods heman
gioma mav be considered one of the phakomatoses
Retinal cavernous hemangioma is characterized by the formation of grapelike clusters

{ thin-walled saccular angiomatous lesions in the inner retina or on the optic nerve head
[Fig 5-54). The blood flow in these lesions is derived from the retinal circulation and &
relatively stagnant. producing a characteristic fluorescein picture. These dilated saccular
lesions fill slowly during angiography, and plasma-erythrocyte lavering occurs as a result
of the sluggish blood flow. Fluorescein leakage is characteristically absent, correlating with
the absence of subretinal fluid and exudate in the retinal cavermous hemangioma and
serving I v differentiate it from retinal telangiectasia, von Hippel retinal angiomatosss, and
racemose aneurysm of the retina
hemangiomas may bleed into the viireous, but they usually remain asymp-

tomatic. Vitreous traction 15 thought 1o be the cause ur'iu-rnunln_:::' in these cases. Treat

s is usually not indicated unless recurrent vitreous

ment of retinal cavernous hemangiom

hemorrhage develops, in which case Ftl\- stocoagulation or cryotherapy may be effective. For

further discussion, see BSCS Section 4, O e Peadhol wulitr Tiamions
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non retunopathy s very similar o other vascular diseases, eliciting a history ol radiation
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e of retina irradioted, and fractionation schemie are im
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Tumors, for further discussion of these therapies,
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colton-wool spots. retinal hemorrh

ges, microaneurysmia, perivascular sheathing, capil

lary telangiectasis. macular edema. and disc edema. Capillary nonperfusion, documented
by fluorescein angiog

aphy. is commonly present. and extensive retinal ischemia can lead

to neovascula

wation of the retina, ins. and disc (Figs 5-55. 5-56). Other
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180 = Retina and Vitreous

imvolvemient with cvstoid macular edema, exudative mac lll.uF‘l[h_\', or ¢ J;‘I“.lr\' nonper-
fusion. Occasionally, visual loss may be caused by acute optic neuropathy. Although no
clinical trials have been performed, the management of radiation retinopathy is similar to
that for diabetic retinopathy and includes focal laser 1]1;-m|1\' to reduce macular edema or

|_~_|nn-!:|m| F\h.uhn.-aquh!mn 1o treat zones of ischemia and neovascularization. Intravit

real triamcinolone acetonide can stabilize or improve visual acuity in some patients, but

its effect might not be lasting
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CHAPTER 6

Choroidal Disease

Certain noninflar wy choroidal diseases that are most appropriately discussed in the

ment of the retina are covered in this chapter. Inflammatory

context of assd '\hlh\! ol

and choroid are discussed in ( hapter 7. See also BCSC Section 9,

- i ™ "
ot and Uveitis. Intraocular tumors, such as melanoma, are covered

d |

miraocular Tumors.

Bilateral Diffuse Uveal Melanocytic Proliferation

srancoplastic disorder affecting the choroid, bilateral diffuse uveal melanocytic

BDUMP) causes diffuse thickening of the chorvid, reddish or brownish
n., serous retinal detachmenl, and cataracts. As the name suggests,
! »n of benign melanocytes is associated with or often heralds
ese profiferations can look like large nevi (Fig 6-1). Some BDUMP
in of the retinal pigment epithelium (RPE)
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rescence during fluorescein angiography. The more com
yors associated with BDUMP are cancer of the ovaries, uterus. and lung, but

1ay also ocour with cancer of the colon, pancreas, gallbladder, and esophagus
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