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Dry Age-Related Macular Degeneration

Vikram S. Makhijani, Cindy Ung, and Deeba Husain

Abbreviations

AMD Age-related macular degeneration

BM Bruch’s membrane

CNV Choroidal neovascularization

FA Fluorescein angiography

FAF Fundus autofluorescence

GA Geographic atrophy

GWAS Genome-wide association studies

LLD Low luminance deficit

NIR Near-infrared reflectance

OCT Optical coherence tomography

PED Pigment epithelium detachment

ROS Reactive oxygen species

RPE Retinal pigment epithelium

SDD Subretinal drusenoid deposits

SD-OCT  Spectral-domain optical coherence tomography
SS-OCT  Swept-source optical coherence tomography
Introduction

Age-related macular degeneration (AMD) is the leading
cause of blindness in the developed world in people over
50 years of age (Gehrs et al. 2006). Worldwide, age-related
macular degeneration is projected to affect around 196
million people by 2020, increasing to 288 million in 2040
(Wong et al. 2014).

All AMD starts as dry AMD and drusen are the hallmark
of the disease. The advanced form of the disease occurs in
two forms: neovascular (exudative or wet) and nonneovascu-
lar (nonexudative or dry) forms. Geographic atrophy is the
advanced dry form of age-related macular degeneration.
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Severe vision loss in up to 20% of legal blindness from AMD
is due to the atrophic form (Sunness 1999).

AMD is a multifactorial complex disease, in which genet-
ics as well as environmental risk factors influence its pro-
gression (Wong et al. 2014; Yonekawa and Kim 2014).
Population-based studies have demonstrated that age is the
most significant risk factor. In resource-rich countries, 10%
of people over the age of 65 years and 25% over the age of
75 years have AMD (Smith et al. 2001). Additional risk fac-
tors include female sex, hypertension, hypercholesterolemia,
cardiovascular disease, cigarette smoking, and positive fam-
ily history (Ambati et al. 2013; Ferris et al. 2013). Smokers
with more than 40 pack years have a twofold increased risk
of losing vision from age-related macular degeneration
(Khan et al. 2006). Racial origin is another important risk
factor. The 10-year longitudinal Multi-Ethnic Study of
Atherosclerosis (MESA) found a prevalence of AMD in the
United States highest in whites (5.4%), followed by Asians
(4.6%), Hispanics (4.2%) and African Americans (2.4%)
(Fisher et al. 2016).

The genetic contribution to the development of AMD has
been well-established with multiple risk loci identified
through genome-wide association studies (GWAS) (Zhan
et al. 2013; Ratnapriya et al. 2014; Fritsche et al. 2016). These
studies have implicated genes such as CFH (Haines et al.
2005), C3 (Yates et al. 2007), C2-CFB (Gold et al. 2006), a
region on chromosome 10 with HTRA1/LOC387715/ARMS?2
(Dewan et al. 2006), TIMP3 (Chen et al. 2010), VEGFA,
COLIO0OAI (Yu et al. 2011), TNFRSFI10A (Arakawa et al.
2011), and APOE (Zareparsi et al. 2004) with AMD. The
largest AMD GWAS study to date examined more than 12
million variants in 16,144 patients and 17,832 controls
(Fritsche et al. 2016). This study identified 52 independently
associated common and rare variants distributed across 34
loci, 16 of which reached genome-wide significance.

I. K. Kim (ed.), Macular Disorders, Retina Atlas, https://doi.org/10.1007/978-981-15-3001-2_1
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Pathogenesis

The first clinically detectable feature of AMD is the appear-
ance of drusen, which are extracellular deposits that form
in the RPE/Bruch’s membrane complex (Hageman et al.
2001; Anderson et al. 2002; Chen et al. 2008). Drusen
color varies from white to pale yellow to bright yellow.
As drusen regress, they lose their coloration and may be
associated with areas of RPE atrophy or depigmentation.
Those individuals with drusen have been found to have
functional impairment, such as with dark adaptation, and
are at increased risk for developing vision loss and more
advanced forms of AMD, such as geographic atrophy (GA)
or choroidal neovascularization (CNV) (Bhutto and Lutty
2012; Lains et al. 2017b).

The exact mechanism of AMD is not fully understood.
The formation of drusen can be compared with extracellular
lipid deposition in a vessel wall of the systemic circulation in
atherosclerotic cardiovascular disease. Curcio et al. have for-
mulated a compelling model for AMD pathogenesis,
whereby the Bruch’s membrane functions much like the
endothelium in atherosclerosis (Curcio et al. 2011). RPE-
secreted lipoproteins such as apolipoprotein B are a major
source of lipids under the RPE where they are retained and
eventually cleared through the choriocapillary endothelium.
Lipoprotein particles begin to accumulate during adulthood
and pathologic responses to these retained particles are
thought to lead to AMD.

Oxidative stress has also been implicated in the occur-
rence of AMD. The photoreceptors in the retina are particu-
larly susceptible to oxidative stress because of their exposure
to light and high consumption of oxygen (Beatty et al. 2000).
Risk factors such as smoking, hypercholesterolemia, and
excessive light exposure can augment the generation of reac-
tive oxygen species (ROS) and result in an imbalance
between oxidative stress and the remodeling process. ROS
causes severe damage to the lysosomal membrane of the
RPE and leads to incomplete proteolytic digestion of ROS
and photoreceptor outer membrane phagocytosis within the
lysosomes of RPE cells (Arjamaa et al. 2009; Blasiak et al.
2014). Lipofuscin then accumulates within Bruch’s mem-
brane and the RPE and acts as a precursor for drusen forma-
tion (Arjamaa et al. 2009; Lin et al. 2013).

Clinical Features

Diagnosis of dry AMD in its early stages is made on the basis
of characteristic anatomic features on a dilated fundus exam
(Biomarkers Definitions Working Group et al. 2001; Husain
et al. 2002; Klein et al. 2002). Less commonly, presenting

symptoms such as difficulty with night vision, difficulty
with dark adaptation, blurred near vision, metamorphopsia,
or decreased contrast sensitivity may be perceived by the
patient (Neely et al. 2017; Lains et al. 2017b).

Drusen

Drusen appearance is important in diagnosis and classifica-
tion of AMD. Drusen are the earliest clinical features of early
to intermediate dry AMD (Fig. 1.1), and are historically clas-
sified ophthalmoscopically based on numerous parameters
(Table 1.1) (van Leeuwen 2003). Current classification of
AMD severity is based on classic fundus photography dem-
onstrating these characteristics (Danis et al. 2013). Early dry
AMD is defined by presence of small to medium drusen,
while the appearance of extensive small to medium drusen
or at least one large drusen indicates an intermediate stage
(Fig. 1.2). Advanced AMD is defined by presence of neovas-
cularization or center-involving geographic atrophy (Ferris
et al. 2005, 2013).

The AREDS Research Group devised a classification
scale based on nine steps of disease in order to characterize
patterns and risk of progression (Tables 1.2, 1.3, and 1.4)
(Age-Related Eye Disease Study Group 2005). This scale
scores drusen based on area and, in combination with pig-
mentation alteration area, determines a step. Steps carry a
S-year risk of progression to advanced AMD ranging from
less than 1% to about 50%. AREDS also devised a simplified
scoring system to predict progression. In this system, risk
factors are defined as presence of a large druse or presence of
a pigmentary abnormality, and totaled for each eye. Five-
year risk of progression to advanced AMD is 0.5% for O risk
factors, 3% for 1, 12% for 2, 25% for 3, and 50% for 4 (Ferris
et al. 2005).

Reticular Pseudodrusen

Subretinal drusenoid deposits (SDDs), or reticular pseudodru-
sen, are becoming increasingly recognized as anatomic fea-
tures increasing the risk of AMD progression (Zweifel et al.
2010). SDDs, independent of classification of AMD, have been
shown to correlate with decreases in visual function, such as
dark adaptation (Sivaprasad et al. 2016; Lains et al. 2017b).
Unlike drusen, these drusenoid deposits are located within the
RPE, generally are more anterior, and have different imaging
characteristics. On autofluorescence, drusenoid deposits are
seen as hypoautofluorescent dots if there is blocking of RPE,
or hyperautofluorescent dots if there is overlying photoreceptor
disruption (Fig. 1.3) (Zweifel et al. 2010). Near-infrared reflec-
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Fig. 1.1 Early AMD. (a) Color fundus photograph of an asymptomatic
patient shows few small to medium scattered drusen. AREDS classifica-
tion places this presentation at stage 1, given small drusen area and no

Table 1.1 Anatomic characteristics of drusen

Number
Size Small: <63 pm
Medium: 64125 pm
Large >125 pm
Location Central, perivascular, peripheral
Density Hard, soft
Confluence Drusenoid PED
Modification Calcification, cholesterolization, ossification

tance (NIR) shows varying reflective patterns that can be cor-
related with SD-OCT, which shows hyperreflective subretinal
deposits between the RPE and ellipsoid zone (Fig. 1.3) (Schaal
et al. 2017; Balaratnasingam et al. 2017; Sleiman et al. 2017).
Classification schemes for pseudodrusen have been proposed
based on SD-OCT anatomic features. With the advent of Swept
Source-OCT, studies of the choroid have shown correlation

pigmentary abnormalities or atrophy. By AREDS simplified classification,
0 risk factors carry a 0.5% 5-year risk of progression to advanced
AMD. Drusen may not be as apparent on autofluorescence (b) or OCT (c)

between presence of SDDs and decreased choroidal thickness
and volume (Lains et al. 2017Db, ¢).

Geographic Atrophy

AMD can progress to geographic atrophy, causing varying
degrees of vision function loss. Atrophy can be of the RPE,
retina, or choriocapillaris, in single or multiple patches, and at
varying distance from the fovea. It is generally progressive at
its margins, with corresponding gradual vision loss (Figs. 1.4
and 1.5) (Holz et al. 2007; Lujan et al. 2009; Fleckenstein et al.
2011). Progression has been demonstrated in areas of drusen
regression, along with characteristic OCT findings, including
tubulations (Fig. 1.6) (Lujan et al. 2009; Goldberg et al. 2013;
Hariri et al. 2015). Autofluorescence of geographic atrophy
demonstrates hypoautofluorescence, consistent with loss of
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Fig. 1.2 Large drusen. Large
soft confluent drusen are
easily discernable on fundus
examination or photograph
(a). OCT (b) shows
characteristic confluent
subretinal changes

RPE. In progressors, it has been shown that areas of hyperau-
tofluoresence present at the edges of atrophy can predict areas
of growth of atrophy. Various patterns of autofluorescence
at the edges of atrophy can be predictive of rate of growth.
Patchy, banded, and diffuse trickling hyperautofluorescence
at the edge of geographic atrophy have shown higher rates of
progression than diffuse or focal patterns (Holz et al. 2007).
Fluorescein angiography shows a hyperfluorescent window
defect in the area of RPE atrophy (Yung et al. 2016). SD-OCT
demonstrates attenuation or loss of RPE, photoreceptors, or
thinning of the choriocapillaris (Lujan et al. 2009). OCT
angiography further demonstrates choriocapillaris loss more
pronounced than in intermediate AMD (Cicinelli et al. 2017).

Imaging in Dry AMD
Multimodal imaging has become increasingly useful in char-

acterizing and defining features of drusen and drusenoid
abnormalities in dry AMD (Yonekawa et al. 2015). As

described, dilated fundus examination and color fundus pho-
tography had been the classic method of diagnosis and staging
of AMD, with digital fundus photography shown to have the
same reproducibility as film photography (Danis et al. 2013).

Fundus Autofluorescence

Fundus autofluorescence (FAF) detects a specific
absorption-emission pattern of the fundus not always evi-
dent on examination or photography (Delori et al. 1995).
Lipofuscin is the dominant retinal fluorophore at the wave-
lengths most useful for AMD autofluorescence (Yung et al.
2016). On autofluorescence, drusen demonstrate hype-
rautofluorescence due to the concentration of fluorescent
accumulations including lipofuscin (Fig. 1.7) (Holz et al.
2015). Hypoautofluorescent areas may represent melanin
or RPE atrophy. In the progression of AMD, geographic
atrophy demonstrates hypoautofluorescence due to loss of
RPE (Holz et al. 2007). Autofluorescence is useful in clini-
cal practice to track changes in drusen or atrophic areas
over time (Figs. 1.4 and 1.5).
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Table 1.2 AREDS severity scale
Stage | Drusen area | Pigment area | Atrophy area
1 * 0 0
2 * 0 0
* >0 And/or +
3 o 0 0
4 *hkk 0 0
AR >0 And/or +
*y wk >0 ++
5 Khkokk 0 0
i >0 And/or +
bl >0 ++
6 Khkkkk 0 0
e >0 And/or +
il >0 ++
7 i >0 And/or +
Khkkk >O ++
8 Khkkk >o ++
Any >0 +++
9 - - Non-central GA
Drusen area Atrophy area
* <C-1 + >Q, <I-2
*x >C-1,<C-2 ++ >[-2, <0.5DA
bl >C-2, <I-2 +++ >0.5DA
s >|-2, <0-2
ek >0-2, <0.5DA
w1 >0.5DA

Circle diameters and areas: C-0, 63 um and 0.0017 DA; C-1, 125 pm
and 0.0069 DA; C-2, 250 um and 0.028 DA; /-2, 354 um and 0.056 DA;
0-2, 650 um and 0.19 DA

DA disc area; Q questionable

Table 1.3 AREDS vs AREDS2 formulations

AREDS AREDS2
Vitamin C 500 mg 500 mg
Vitamin E 400 IU 400 IU
Beta-carotene 15 mg -
Zinc 80 mg 80 mg
Cupric oxide 2 mg 2 mg
Lutein/zeaxanthin - 10 mg/2 mg

Fluorescein Angiography

Fluorescein angiography (FA) is the gold standard for dis-
tinguishing conversion to wet AMD and is discussed fur-
ther in the corresponding chapter. Fluorescein angiography
in dry AMD can demonstrate variable hyperfluorescent
staining of drusen, depending on the composition, size, and
height of drusen (Fig. 1.7) (Delori et al. 1995; Yung et al.

Table 1.4 Current and investigational targets for dry AMD

AREDS

AREDS2

Statins

Brimonidine

CNTF

CNTF (NT-501) implant
Lampalizumab (anti-complement factor D)
Fluocinolone acetonide implant
Glatiramer acetate

C5: ARCI1905

Eculizumab

POT-4 (Intravitreal C3 inhibition)
a-beta: RN6G, GSK

Vasodilator: alprostadil

MC-101

Moxaverine (PDEI)

Fenretinide

Emixustat

hESC-RPE cells (human embryonic)
hRPE cells (primary human)

Anti-oxidant

Neuroprotection

Inflammation

Blood flow

Lipofuscin (visual
cycle)
Stem cell

Italics indicate failed or inactive investigations

2016). With geographic atrophy, FA demonstrates a win-
dow defect and the underlying choroidal vascular pattern.

Optical Coherence Tomography

Optical coherence tomography (OCT) has shed new light into
anatomic characteristics and clinical analysis of drusen and
AMD (Yonekawa et al. 2015). Anatomically, drusen are defined
as deposits between Bruch’s membrane and the RPE basement
membrane (Fig. 1.2) (Balaratnasingam et al. 2017). This dis-
tinction is apparent on SD-OCT, and can help differentiate typi-
cal drusen from basal laminar drusen (Fleckenstein et al. 2011;
Tan et al. 2017; Curcio et al. 2017). While drusen are usually
visible on clinical examination, SD-OCT may detect early dru-
sen (Fig. 1.1), or other related abnormalities such as outer reti-
nal disruption, early geographic atrophy, or subretinal drusenoid
deposits (Lujan et al. 2009). Recently, varying degrees of cho-
riocapillaris abnormalities have been demonstrated with OCT
angiography, while demonstrating normal retinal vascular archi-
tecture (Cicinelli et al. 2017). Swept source OCT (SS-OCT) is
demonstrating new findings in decreased choroidal thickness
and vessel volume in AMD and subretinal drusenoid deposits
(Philip et al. 2016; Lains et al. 2017c).

Management and Treatment
Functional Testing in Dry AMD

The focus of current management of dry AMD is aimed at
prevention of and detection of disease progression to atrophy
or development of the neovascular form of AMD. Standard
clinical monitoring includes administration of Amsler grid
testing, and imaging for detection of progression or devel-
opment of subretinal or intraretinal fluid. Patient directions
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Fig. 1.3 Reticular pseudodrusen. Subretinal drusenoid deposits, or
reticular pseudodrusen, can be seen on infrared reflectance imaging (a),
but are best differentiated on OCT (b), which shows characteristic sub-
retinal abnormalities. They may coexist in close proximity to drusen,

for home management between clinic visits include fre-
quent Amsler grid testing (Hanus et al. 2016). Establishment
of home monitoring protocols is allowing for more timely
detection of disease progression. For example, the HOME
study demonstrates the effectiveness of a home monitoring
device for early detection of neovascularization between
office visits (Chew et al. 2016).

The potential for functional measure testing in AMD with
higher sensitivity than visual acuity is increasing with
research in to low luminance, contrast sensitivity, dark adap-
tation, and microperimetry. Use of testing in low luminance,
cone-specific contrast, and microperimetry for use in inter-
mediate AMD diagnosis has been demonstrated to be feasi-
ble and reproducible (Chandramohan et al. 2016). Analysis
of low luminance deficit (LLD), or the difference between
best corrected visual acuity and low luminance visual acuity,

and are less apparent on the fundus photograph (¢) with prominent
extensive drusen. Autofluorescence (d) shows scattered hypoautofluo-
rescence outside of the areas of drusen

demonstrates agreement with patients’ subjective complaints
in early AMD (Wu et al. 2016). Microperimetry has been
shown to have promising sensitivity for functional measure-
ment and correlation with structural changes (Biomarkers
Definitions Working Group et al. 2001; Wu et al. 2014,
Cassels et al. 2017). Dark adaptation has been correlated
with diagnosis and staging of AMD and is being used
increasingly in the management of AMD patients
(Flamendorf et al. 2015).

Pharmacologic Therapy
Antioxidant multivitamins as established by the National

Eye Institute’s Age-Related Eye Disease Study 2
(AREDS2) are common practice for intermediate dry
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Fig. 1.4 Progression of AMD demonstrated with multimodal imaging
over 8§ years. Fundus photograph (a) shows extensive confluent high-
risk drusen and drusenoid PED, which later progress (b) and then

AMD to reduce the risk of progression to late AMD
(Ferris et al. 2005). The original AREDS formulation,
vitamin C (500 mg), vitamin E (400 IU), beta-carotene
(15 mg), zinc (80 mg), and cupric oxide (2 mg), reduced
risk of progression by 25% (Age-Related Eye Disease
Study Research Group 2001). AREDS2 determined that
addition of lutein/zeaxanthin (10 mg/2 mg) in place of
beta-carotene was also effective in reducing progres-
sion and eliminated the systemic risks of beta-carotene
(Chew et al. 2014).

While there is not yet any standard therapy to reverse
AMD severity, the study of high-dose oral statin use (atorv-
astatin 80 mg daily) to reverse large soft drusenoid deposits
has resulted in promising results with associated gain in
vision (Vavvas et al. 2016).

™ B W |
z -

regress (c¢) with areas of atrophy. OCT shows RPE loss corresponding
to the development of foveal geographic atrophy

Ongoing Research to Find New Treatments

With the complex pathogenesis and multiple pathways
affecting macular degeneration, various targets for reversal
or slowing of disease progression have been proposed.

Drug Therapies

Currently, numerous studies are underway for various drugs
affecting these pathways (Table 1.4). While the use of anti-
oxidant supplementation has been well-established, further
research is ongoing into optimizing formulations and deliv-
ery. Neuroprotective pathways are also under investigation
in glaucoma research, and some drugs such as brimonidine
with well-tested periocular safety profiles are being investi-
gated for intraocular delivery (Sacconi et al. 2017).
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Fig. 1.5 Progressive enlargement of geographic atrophy in both eyes  successive imaging. Color fundus photographs show areas of drusen
over time. Autofluorescence demonstrates expanding hypoautofluores-  and pigment replaced by expanding atrophy
cence and varying autofluorescent patterns at the margins of atrophy in

Fig. 1.6 OCT of outer retinal tubulations at the edge of progressive geographic atrophy
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Inflammatory pathways are diverse in the pathogenesis of
AMD Numerous clinical trials with complement-targeted
agents have been performed. Phase 2 results of the MAHALO
study for intravitreal lampalizumab (anti-complement factor
D antibody fragment) showed 20% reduction in progression
of atrophy versus controls, with a higher reduction for CFI
risk-allele carriers (Yaspan et al. 2017). However, the Phase
3 trials failed to show treatment benefit (Holz et al. 2018).

Other target mechanisms, including enhancement of cho-
roidal blood flow and visual cycle modulator molecules did

Fig. 1.7 Multimodal
imaging of intermediate
AMD demonstrating
high-risk features while
ruling out advanced

AMD. Color fundus
photographs (a) demonstrate
numerous large confluent
drusen and small areas of
hyperpigmentation.
Autofluorescence (b)
demonstrates variable
hyperautofluorescence in
areas of drusen. Fluorescein
angiography (c, d) shows
variable staining of drusen
in middle and late phases
and no leakage or window
defect. OCT (e) more
definitively rules out RPE
atrophy or Bruch’s
membrane defects in the
volume area, but clearly
shows high-risk drusenoid
PEDs and pigment migration

not show any benefit in preventing progression of disease in
clinical trials (Hanus et al. 2016). Investigation of metabolite
biomarkers of disease may help achieve earlier diagnosis of
AMD and identify further target therapeutic pathways (Lains
et al. 2017a).

Cell Therapies

The prospect of stem cell-derived RPE cells carries the poten-
tial of directly reversing cell loss and possibly functional loss in
geographic atrophy (Sachdeva and Eliott 2016), although the
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Fig. 1.7 (continued)

underlying degenerative impetus may persist. Recent phase 1/2
studies have demonstrated safety and tolerability of subretinal
transplanted hESC-derived RPE cells (Schwartz et al. 2015,
2016). Along with further discovery in the pathophysiology,
anatomic characterization, and genetics of dry AMD, the possi-
bility of dry AMD as a treatable disease remains on the horizon.
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Abbreviations

BNV Branching type 1 neovascular network
BVN Branching vascular network

CNV Choroidal neovascularization

CRA Chorio-retinal anastomosis

ICGA  ICG angiography

NV Neovascularization

OCRA  Occult choroidal retinal anastomosis
OCTA  OCT-Angiography

PCV Polypoidal choroidal vasculopathy
PDT Photodynamic therapy

PED Pigment epithelium detachment
PRN “Pro-Re-Nata”

RAP Retinal angiomatous proliferation
RPE Retinal pigment epithelium

SRD Serous retinal detachment

SRF Subretinal fluid

VEGF  Vascular endothelial growth factor
v-PED  Vascularized PED

Introduction

Neovascular AMD is defined by the presence of choroidal
and/or intraretinal neovascularization with associated exuda-
tion, bleeding, and disciform scar (Ferris III et al. 1984).
Choroidal neovascularization (CNV) is characterized by an
abnormal growth of newly formed vessels within the macu-
lar area.

Different types of neovascular growth pattern have been
described: pigment epithelial or type 1 choroidal neovascu-
larization, preretinal pigment epithelial or type 2 choroidal
neovascularization, and retinal angiomatous proliferation or
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type 3 neovascularization (NV) (Grossniklaus and Gass
1998; Yannuzzi et al. 2001; Freund et al. 2010; Cohen et al.
2007a, b; Jung et al. 2014).

Donald M. Gass described the histopathologic and fluo-
rescein angiographic characteristics of CNV, defining as type
1 CNV the neovascularization proliferating under the retinal
pigment epithelium (RPE) with less distinct margins and less
actively proliferating than other types of neovascularization,
with a poorly defined or “occult” CNV pattern on fluorescein
angiography (FA) (Grossniklaus and Gass 1998).

Gass also described type 2 CNV as the neovascularization
characterized by the active proliferation of the new vessels
beneath the neurosensory retina, showing a well-defined or
“classic” pattern of fluorescence on fluorescein angiography.

A third anatomic subtype of neovascularization in AMD
has been described; type 3 neovascularization is character-
ized by the presence of an intraretinal neovascularization in
conjunction with a compensatory proliferative response that
is featured by perfusing arterioles, draining venules, and the
eventual formation of anastomoses between the intraretinal
proliferation and sub-RPE neovascularization.

The main feature of type 3 NV is the active proliferation
within neurosensory retina; however, a concomitant choroi-
dal component has been described (Yannuzzi et al. 2001;
Freund et al. 2008).

Another form of neovascularization is polypoidal choroi-
dal vasculopathy (PCV), which is considered a variant of
type 1 neovascularization because it is located in the subpig-
ment epithelial space. A branching type 1 neovascular net-
work (BNV), similar to type 1 CNV with terminal aneurysmal
changes (polyps), has been associated with PCV (Yannuzzi
etal. 1990; Laude et al. 2010; Yannuzzi 1982). The frequency
of neovascular subtypes in neovascular AMD in white
patients is approximately 40% type 1, 9% type 2, 34% type
3, and 17% mixed (Jung et al. 2014; Cohen et al. 2007a).

13

I. K. Kim (ed.), Macular Disorders, Retina Atlas, https://doi.org/10.1007/978-981-15-3001-2_2

2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-3001-2_2&domain=pdf
mailto:eric.souied@chicreteil.fr

14

E. H. Souied and F. Amoroso

Classification and Diagnosis of Neovascular
AMD: The Multimodal Imaging

Type 1 Neovascularization

Type 1 neovascularization originates from the choroid and
extends under the RPE, with subsequent detachments of the
RPE and overlying retina.

On fundus examination, type 1 CNV presents with mod-
erate exudative signs.

The subretinal fluid (SRF) responsible for the functional
syndrome is usually mild; retinal hemorrhages are rarely
observed, although occult CNV can be complicated by
extensive hematoma. Deep exudates are more common,
whereas cystoid macular edema, unusual in the early form, is
later formed. Finally, the precursors of AMD are present
(drusen and abnormalities of the RPE).

On fluorescein angiography, type 1 CNV is poorly defined
and inhomogeneous with early staining of the lesion, includ-
ing hyperfluorescent pinpoints. On late phases of the angio-
graphic sequence, the lesion increases in size, and leakage is
observed. The precise limits of the neovascular lesion cannot
be easily determined. The typical aspect of this CNV is the
early hyperfluorescence on ICG angiography (ICGA), with
the appearance of a “plaque” in late stages.

The SD-OCT shows increased central macular thickness
(associated with RPE detachment), subretinal fluid, edema,
and/or intraretinal cyst (Fig. 2.1). The SD-OCT examination
shows, depending on the stage of evolution, the presence of
an RPE elevation or pigment epithelium detachment (PED)
(98% of cases). The elevation of the RPE is initially moder-
ate, separated from the moderate reflectivity of Bruch’s
membrane by a hyporeflective space. The PED can, however,
become very extensive. The presence of an occult CNV may
be suspected due to an irregular, fragmented, or thickened
appearance of the RPE. All exudative signs may be present:
SRF, hyper-reflective points (Coscas et al. 2013), pre-
epithelial exudation (Ores et al. 2014), and cystoid cells
within the neurosensory retina.

On OCT-Angiography (OCTA), the type 1 neovascular
lesion was compared to a “blossoming tree” or a “seafan
pattern” to describe the typical aspect of the lesion:
a central feeder vessel with neovessels radiating from the
central trunk in both directions and on one side of the
lesion. A more advanced lesion, called mature lesion, can
harbor a tangled or a dead tree pattern (Fig. 2.2) (Kuehlewein
et al. 2015).

Vascularized PED
Type 1 CNV, commonly described as a vascularized PED
(v-PED), is a sign of hidden or “occult” neovascularization
(Mrejen et al. 2013).

It generally appears as a well-circumscribed yellow-orange
RPE bulge, showing late staining on fluorescein angiography.
The SD-OCT typically shows heterogeneous sub-RPE signal
and subretinal fluid (Fig. 2.3).

Vascularized PEDs may present a mixture of serous,
drusenoid, and vascularized components. Fluorescein angi-
ography reveals hyperfluorescent “pin-points” in late phases,
whilst ICGA shows the early appearance of neovascular net-
work with a late “plaque.” SD-OCT reveals the elevation of
the RPE, subretinal fluid, and exudation. The sub-RPE mate-
rial may be heterogeneous, with serous, drusenoid, and vas-
cular components.

Furthermore, vascularized PED variants have been
described as:

— Multilayered PED (Rahimy et al. 2014)

— The “onion sign” (Pang et al. 2015)

— Retinal pigment epithelium tears/apertures (Querques
et al. 2016)

— Wrinkled-PED (Lam et al. 2017)

— Quiescent type 1 (Querques et al. 2013c)

Type 2 Choroidal Neovascularization

Type 2 CNYV, is called subretinal CNV or “well-defined
CNV” because of its appearance on FA. Although it is less
frequent than type 1 CNV, it is also known as classic CNV
because it was the first pattern to be described on FA. Type 2
CNV originates from the choroidal circulation, penetrates
through the pigmented epithelium, and extends into the sub-
retinal space leading to bleeding and exudative features such
as SRD and/or edema. This type of CNV actively prolifer-
ates below the neurosensory retina.

On fundus and color pictures, classic CNVs are not
directly discernible in early stages, but result in discrete reti-
nal thickening with a greyish-white retinal aspect. Exudative
signs, the SRF, retinal or subretinal hemorrhages, lipied exu-
dates, and intraretinal cystoid edema, are barely present
(Grossniklaus and Gass 1998). PED is rare in pure visible
pre-epithelial neovessels. The IR pictures reveal the presence
of a multilayered structure. This structure appears as a com-
plex with a dark central core surrounded by a whitish reflec-
tive ring, giving a halo-like shape (Semoun et al. 2009).

Fluorescein angiography typically shows an early staining of
the lesion that appears as a bicycle wheel or an umbrella pattern.
The classic CNV lesion is hyperfluorescent, commonly con-
trasting with a surrounding hypofluorescent ring. On late phase
of the FA sequence, an intense leakage is observed associated
with dye pooling in subretinal space in late stages. In some
cases, the hyperfluorescence of the dye may decrease on late
phase, corresponding to the “wash-out effect.”
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Fig. 2.1 Multimodal imaging of a patient with type 1 CNV. (a)
Multicolor imaging shows the presence of a PED temporal to the fovea,
reticular pseudodrusen at the posterior pole and the absence of exudates
or hemorrhages; hyperfluorescent pinpoints in the early stages (b) per-
sisting in late phases (arrow) (c¢) on fluorescein angiography; ICGA

Indocyanine green angiography reveals the early filling
and the washout of the neovascular membrane in late stages
(Grossniklaus and Gass 1998; Cohen et al. 2007a; Gelisken
et al. 1998).

The OCT shows the typical hyperreflective fusiform lesion
above the RPE, with or without visible effraction signs.

On SD-OCT, a serous retinal detachment can be seen, most
often present on the edges of the fusiform lesion and the grey
hyperreflective subretinal exudation (Ores et al. 2014), sign of

shows hypercyanescence of subretinal neovascularization in the early
stages (d), persistence in the intermediate stages (e) and hypercyanes-
cent “plaque” in late phases (arrowhead) (f); (g) SD-OCT showing the
presence of a PED corresponding to the CNV (star), accompanied by
subretinal fluid (asterisk)

neovascular lesion activity, as well as intraretinal cysts and
serous detachment of neuroepithelium (Fig. 2.4).

Type 2 neovascularizations represent only 10% of neo-
vascular AMD cases, but type 2 CNV is the most common
lesion type in pathological myopia, angioid streaks, and mul-
tifocal choroiditis.

Several patterns of type 2 neovascularization have been
described on OCTA, with a constant high flow appearance
present both in the outer retinal segmentation and in the
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Fig.2.2 Multimodal imaging of a patient with type 1 CNV: (a) hyper-
fluorescent pinpoints appearing in early phases (b) persisting in late
stages (arrow) (c) on fluorescein angiography; ICG shows the hyper-
cyanescence of subretinal neovessels in early stages (d) and the appear-
ance of the “plaque” in late phases (arrowhead) (e); (f) OCTA 3 x 3

choriocapillaris segmentation. OCTA showed a 100% sensi-
tivity in the detection of type 2 CNVs (El Ameen et al. 2015).

Based on the different morphological aspects, two types
of classic neovascularization are distinguished:

1. Medusa-shaped lesion, defined as a compact zone of
small new blood vessels with minimal hypodense struc-
ture inside; the lesions are typically connected to a thicker
main branch, which seem continuous from the outer ret-
ina into the more profound choroidal layers.

scan highlights a large neovascular membrane, characterized by a cen-
tral trunk with small, high-flowing vessels branching in all directions.
The image is almost overlapping with the ICGA; (g) SD-OCT shows
the PED (star), accompanied by suburetinal fluid (asterisk)

2. Glomerulus-shaped lesion, defined per comparison with
the kidney glomerulus, harboring globular structures of
entwined vessels that are separated by hypodense
spaces.

Generally, the neovascular complex is surrounded by a
dark zone located at choriocapillaris level, defined “dark
halo.” This aspect would correspond to a phenomenon of
“vascular stealing” by the lesion against the surrounding
choroid (Fig. 2.5).
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Fig. 2.3 Example of a patient with vascularized PED. (a) Fluorescein
angiography reveals minimal stippled and irregular hyperfluorescence
in the early phase and staining of the fibrovascular PED with the appear-
ance of the characteristic pin-points in the later phases (b), consisting of
an occult choroidal neovascular membrane; (¢) indocyanine green angi-

ography demonstrates a clear delineation of the neovascular complex in
the early phase, revealing a well-defined area of hyperfluorescence,
referred to as a “plaque,” in the late phase (d); (e) SD-OCT shows an
elevation of the RPE with sub-RPE heterogeneous signals consistent
with a vascularized PED




E. H. Souied and F. Amoroso

Fig. 2.4 Multimodal imaging of a patient with type 2 CNV in an exu-
dative AMD patient. Fluorescein angiography shows, in early stages
(a), the rapid filling of the neovascular membrane (arrow) which
increases in intermediate stages (b) with leakage in late stages (c); indo-
cyanine green angiography shows the filling of the neovascular mem-

Mixed-Type Neovascularization

Most choroidal neovascularization secondary to AMD con-
sists of a combination of type 1 and type 2 neovasculariza-
tions, also called predominantly “occult” or “classic”
neovascularizations. If most new vessels are of type 1, lesion
is defined as predominantly type 1 neovascularization or
“minimally classic”; if, on the contrary, the lesion is predom-
inantly of type 2, it is defined as “predominantly classic.”

brane in early phases (d), with slight diffusion in late phases (arrow
head) (e); (f) SD-OCT reveals the presence of a neovascular lesion,
localized above the RPE (star), accompanied by serous detachment of
neuroepithelium (asterisk) and subretinal exudation. Note the absence
of drusen in this peculiar case

Type 3 Neovascularization

The term “type 3 Neovascularization” was introduced by
Freund in 2008 (Freund et al. 2008).

The origin of type 3 neovascularization remains debated
as to whether it arises from the retinal circulation or the cho-
roidal circulation. Several anatomical findings correspond-
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Fig.2.5 Multimodal imaging of a patient with type 2 CNV. Fluorescein
angiography shows, in early stages (a), the rapid filling of the neovas-
cular membrane (arrow) which increases in intermediate stages (b) with
leakage in late stages (c); indocyanine green angiography shows the
filling of the neovascular membrane in early phases (arrow head) (d),

ing to type 3 NV have been described in the past: Hartnett, in
1992, defined the type 3 as “Abnormal deep retinal vascular
complexes”; Kuhn, in 1995, described the “Chorio-Retinal
Anastomosis” (CRA); Yannuzzi, in 2001, coined the term
“Retinal Angiomatous Proliferation” (RAP); and Gass, in
2003, defined the “Occult choroidal retinal anastomosis”
(OCRA).

with slight diffusion in late phases (e); (f) OCTA 3 x 3 (OptoVue)
shows a high flow neovascular membrane in choriocapillaris segmenta-
tion; (g) SD-OCT shows the preepithelial neovascular lesion (star),
accompanied by subretinal exudation (yellow asterisk) and a serous
detachment of neuroepithelium

Yannuzzi proposed three variants in the vasogenic pro-
cess (Yannuzzi et al. 2008):

1. Initial focal retinal proliferation and progression

2. Initial focal choroidal proliferation and progression

3. Focal retinal proliferation with preexisting or simultane-
ous choroidal proliferation
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More recent papers defined type 3 neovascularization as
intraretinal neovascularization (Freund et al. 2008).

Drusenoid PED, intraretinal pigment migration, and focal
outer retinal atrophy usually precede the development of type
3 NV. It has been demonstrated that drusenoid PED and focal
photoreceptor and RPE loss precede type 3 neovascularization
at the future site of lesion development, generating outer reti-
nal atrophy, and ultimately allowing the deep capillary plexus
to approach the RPE/sub-RPE space. The result of the
increased vascular endothelial growth factor at this level may
explain why sometimes type 3 neovascularization develops in
close contact with the RPE/sub-RPE content (Querques et al.
2013a, b, c). Interestingly, it was recently demonstrated that
although in the presence of a drusenoid PED, the exaggerated
distance between the choroid and the photoreceptors drives
this hypoxic response (Nagiel et al. 2015). In the absence of a
PED, localized vascular endothelial growth factor production
may arise from choroidal hypoperfusion.

In contrast to type 1 or type 2 NV, type 3 NV is commonly
associated with intraretinal edema and is rarely associated
with subretinal fluid.

On fundus examination, a small, deep, juxta-foveal
intraretinal hemorrhage typically appears. The CRA is mani-
fested by the sudden interruption of a retinal vessel whose
diameter improves at 90° toward the choroid. Type 3 NVs are
typically associated with the presence of reticular pseudo-
drusen at the posterior pole (Cohen et al. 2007b; Zweifel
et al. 2010).

Fluorescein angiography usually reveals a hyperfluores-
cent hot-spot, localized at the termination of a retinal capil-
lary branch. The lesion is frequently associated with an
adjacent small hypofluorescence due to the masking effect of
a punctuate hemorrhage. On late phases of the FA, the lesion
is barely visible compared to the persisting hyperfluores-
cence corresponding to the “hot-spot,” frequently accompa-
nied by a cystoid macular edema in advanced type 3. ICGA
shows the appearance of the feeder vessel in early stages
appearing as a hyperfluorescent hot-spot that becomes more
visible in late phases. The type 3 NV can sometimes be asso-
ciated with a plaque on late phases, signaling the co-exis-
tence of a type 1 lesion. SD-OCT generally shows the
intraretinal neovascular network, accompanied by cystoid
edema and minimal subretinal fluid (Fig. 2.6).

An SD-OCT classification describing the evolution of
type 3 NV in 3 phases has been proposed (Querques et al.
2010, 2013b, 2015):

— Phase 1 or erosion sign: appearance of early neovascular-
ization from the choroid (characterized by a point of focal
hyperfluorescence in angiography) which erodes the
basement membrane of the RPE without breaking it.

— Phase 2 or flap sign: neovascularization infiltrates the
outer layers of the retina forming an early type 3 (charac-
terized by angiography by a hot-spot without serosangui-
nous PED).

— Phase 3 or kissing sign: infiltration of neovascularization
in the inner layers of the retina and formation of a com-
plete type 3 (characterized in angiography by a hot-spot
associated with a serosanguinous PED).

Moreover, the choroidal thickness is typically more
reduced in type 3 NV compared to type 1 and 2 CNV (Kim
et al. 2013).

The early detection and treatment of type 3 NV is crucial
not only because of the potential for rapid vision loss but
also for a major regression of neovascular lesions following
early anti-VEGF (Vascular Endothelial Growth Factor)
therapy.

These neovascular lesions present a high rate of fellow
eye involvement (about 100% by 3 years) (Gross et al. 2005).

Type 3 neovascularization, as described by Miere et al.
(2015a, b), is characterized on OCTA by the presence of a
retinal-retinal anastomosis emerging from the deep capil-
lary plexus that forms a high-flow vascular network,
called a “tuft,” at the outer retina level, projecting at the
sub-RPE space. Typically, at choriocapillaris segmenta-
tion, type 3 NV appears as a small high-flow lesion,
defined “clew-like,” variously associated with the under-
lying choroidal vascularization by small interconnecting
vessels (Fig. 2.7).

Polypoidal Choroidal Vasculopathy

Yannuzzi firstly described (Yannuzzi 1982) polypoidal cho-
roidal vasculopathy (PCV) as an acquired, abnormal choroi-
dal vasculopathy, distinct from typical CNV (Yannuzzi et al.
1990; Laude et al. 2010).

Originally described as a distinct entity occurring predomi-
nantly in African-American and Asian individuals between 50
and 65 years of age, PCV is actually considered as a form of
type 1 neovascularization because the polyps appear to origi-
nate from neovascular tissue above the Bruch’s membrane and
is frequently associated with a branching vascular network.
PCV is associated with choroidal abnormalities such as
increased thickness, hyperpermeability, and pachyvessels.

PCV is characterized by single or multiple polypoidal
vascular dilatations, accompanied by a type 1 CNV, and a
“choroidal branching vascular network™ (BVN), as observed
on indocyanine green angiography (Yannuzzi et al. 1990;
Laude et al. 2010; Yannuzzi 1982; Ciardella et al. 2004;
Spaide et al. 1995).
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Fig. 2.6 Multimodal imaging of a patient with type 3 neovasculariza-
tion: (a) Multicolor imaging shows the presence of small retinal hemor-
rhages at the fovea, accompanied by hard exudates, and reticular
pseudodrusen wounds to the posterior pole; fluorescein angiography
shows early hyperfluorescence (b), with late diffusion (arrow) (c);

On SD-OCT, the polypoidal dilations appear as dome-
like elevations of RPE with moderate internal reflectivity (Sa
et al. 2005; Iijima et al. 1999; Otsuji et al. 2000; De Salvo
et al. 2014).

The branching neovascular network presents as two
highly reflective lines (“‘double layer sign”) (Sato et al.
2007).

ICGA shows the appearance of the feeder vessel in early stages (d) and
the typical “hot-spot” (arrowhead) persisting in late phases (e, f); (g)
SD-OCT shows the “kissing sign” (star), accompanied by cystoid
edema (asterisk) and small, hyper-reflective spots

Srour et al. (2016) recently showed the OCTA features of
PCV. The authors demonstrated that OCTA could visualize
different structures in PCV. On the choriocapillaris segmen-
tation, OCTA constantly showed the BVN, appearing as a
hyperflow lesion, and polypoidal lesions, appearing either as
a hyperflow round structure surrounded by a hypointense
halo, or as a hypoflow round structure (Fig. 2.8).
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Fig. 2.7 OCTA of a patient with type 3 neovascularization. 3 x 3
OCTA scans (OptoVue) with correspondent B-scans. (a) The deep cap-
illary plexus segmentation shows a small, high-flow vessel that deepens
in the external retinal layers (asterisk); (b) high-flow “tuft-shaped”

In most cases the polypoidal lesions appeared as hypo-
flow round structures; this absence of signal does not mean
that there is no blood flow, but rather that blood flow is not
within the level of detection of the OCTA device.

The non-visualization of the vascular structure may be
due to an increased (turbulent flow) or decreased flow within
the polyps.

Subretinal Fibrosis

Neovascular lesions resemble a dynamic wound healing
process characterized by inflammation, angiogenesis, and
fibrosis (Schlingemann 2004).

The subretinal fibrosis is the result of neovascular tissue
remodeling, a sign of advanced neovascular lesions, repeated
bleeding, macrophagic invasion, and healing.

Several studies have shown the risk of evolution toward
macular atrophy and/or subretinal fibrosis of the treated
CNYV (Bloch et al. 2013; Channa et al. 2015; Toth et al. 2015;
Rosenfeld et al. 2011; Cohen et al. 2012).

Nevertheless, subretinal fibrosis may also occur as the
consequence of repeated subfoveal hemorrhages (Hwang
etal. 2011).

On fundus examination, subretinal fibrosis appears as a
well-demarcated, elevated mound of yellowish-white tissue
(Fig. 2.9).

lesion (arrow) at outer retina segmentation; (c¢) choriocapillaris segmen-
tation shows the presence of the characteristic “clew-like lesion” (arrow
head) apparently connected with the “tuft”

Multicolor imaging may help in the diagnosis showing a
white/green dome-shaped elevation at the posterior pole.

Fluorescein angiography generally reveals early and
intense staining of the dye in late phases of the sequence.
SD-OCT shows subretinal hyperreflective lesions, of vari-
able size and location, with possible loss of adjacent retinal
pigment epithelium and ellipsoid zone. In the absence of
associated exudative component, no leakage is visible.

As showed by Miere et al. (2015b) the OCTA allowed
the visualization and analysis of subretinal fibrosis
(Fig. 2.10).

A complete lack of signal, possibly blocked by the fibrous
scar, generating a complete masking effect of the lesion, was
the only discernible feature on OCTA images for 3 out of 49
patients (6.2% of the whole study population).

The authors described three different neovascularization
phenotypes inside the fibroglial scar: pruned vascular tree
pattern (53.1%), tangled network pattern (28.6%), and/or
vascular loop (51.0%). Two features, “large flow void” and a
“dark halo,” have been associated with subretinal fibrosis,
presenting as an obscure zone surrounding the neovascular
network. Pruned vascular tree pattern was characterized by
an irregular, filamentous flow inside the neovascular network
on the OCTA scans, comprising only important vessels, with
thinner capillaries not visible. In all cases of pruned vascular
tree, a large central feeder vessel was detected. Tangled
network was characterized by an abnormal, high flow,
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Fig. 2.8 Multimodal imaging of a patient with polypoidal choroidal
vasculopathy: (a) ICGA shows the early filling of polypoidal lesions
and the BVN, persisting in the intermediate phases (b) and the wash-out
in late phases (c); fluorescein angiography shows an inhomogeneous
hyperfluorescence during all the angiographic sequence (d—f); SD-OCT

shows the polypoidal lesions accompanied by the BVN (g); OCTA
3 x 3 scan shows two different high-flow lesions, corresponding to the
polyps, and a hypodense lesion corresponding to the PED and the high-
flow BVN (h)
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Fig. 2.9 Multimodal imaging of a patient with subretinal fibrosis. (a)
Color fundus photo showing well-demarcated, elevated mound of
yellowish-white tissue; (b) Infrared imaging reveals a greyish-white

frequently interlacing vascular network in the automatic seg-
mentation zone corresponding to the fibrotic scar on the
B-scan image. Vascular loop was defined as a high flow with
a convoluted network on the OCTA scans.

Management: Anti-VEGF Therapy

The anti-VEGFs have become the gold standard for the
treatment of neovascular AMD. Laser photocoagulation
and photodynamic therapy (PDT) are no longer the first-
line treatments of CNV complicating AMD. VEGF is
secreted by RPE cells, causing endothelial cell prolifera-
tion and vascular permeability increase. VEGF has a piv-
otalroleinneovascular AMD. The cascade of VEGF-induced

hmm o “%’m .
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aspect of subretinal fibrosis; (¢) SD-OCT shows the homogeneous
hyperreflective lesion located in subretinal space

angiogenesis could be stopped at different stages; this fact
has led to the development of several VEGF targeting
molecules.

There are four therapeutic molecules targeting the VEGF
for the treatment of neovascular AMD.

The Anti-VEGFs

Pegaptanib (Macugen®)
Pegagtanib was the first molecule that showed an effective-
ness in neovascular AMD. Its effectiveness was partial by
showing less loss of visual acuity compared to the control
group. Its use has decreased considerably since the availabil-
ity of the new anti-VEGFs.
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Fig.2.10 Multimodal imaging of a patient with subretinal fibrosis. (a)
Multicolor imaging shows a yellowish-green elevated lesion, involving
the macula and extending at the posterior pole. Fluorescein angiogra-
phy reveals the staining of the lesion (b) with no leakage in late stages
(c); ICGA shows rapid filling of neovascular network (d) and late
hyperfluorescence (e). Note the hypofluorescent borders of the lesion,

Bevacizumab (Avastin°’) and Ranibizumab
(Lucentis®)

Bevacizumab is a full-length humanized monoclonal anti-
body directed against VEGF-A.

Ranibizumab is an Fab fragment of an anti-VEGF human-
ized monoclonal antibody.

This low molecular weight molecule consists of a non-
binding sequence of human origin (decreasing the antigenic-
ity of this molecule) and contains a high-affinity sequence
for VEGF-A.

The efficacy of bevacizumab has been demonstrated in
several large studies (CATT and GEFAL) (CATT Research
Group et al. 2011; Kodjikian et al. 2013).

The effectiveness of ranibizumab in monthly injections
has been clearly demonstrated in several randomized con-
trolled trials. The pivotal studies that led to its use were
MARINA (gain of 6.6 letters ETDRS at 24 months)

corresponding to the neovascular tissue retraction, during all the angio-
graphic sequence; (f) OCTA scan in the outer retina segmentation
reveals the large central feeder vessel, few emergent collateral branches,
along with the absence of flow between the large branches; (g) SD-OCT
showing subretinal hyperreflective lesion with loss of adjacent retinal
pigment epithelium and ellipsoid zone

(Rosenfeld et al. 2006) and ANCHOR (gain of 11.3 letters at
1 year, a difference of 20.8 letters compared to the group
PDT) (Brown et al. 2009).

Regarding the use of the two molecules (ranibizumab and
bevacizumab), the studies show no significant difference in
efficacy between the two treatments (CATT, GEFAL, IVAN)
(CATT Research Group et al. 2011; Kodjikian et al. 2013;
IVAN Study Investigators et al. 2012).

Aflibercept (Eylea®)

Aflibercept is a recombinant fusion protein: VEGF-Trap. The
evaluation of its efficacy in the treatment of exudative AMD is
based on the two pivotal studies VIEW1 and VIEW?2 of non-
inferiority compared to ranibizumab (Heier et al. 2012). The
results showed similar efficacy and safety between the two
molecules at 52 and 96 weeks (7.9 letters gain in the ranibi-
zumab monthly group and 7.6 letters in the aflibercept group).
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Therapeutic Protocols

Fixed Protocols

Fixed protocols are the first therapeutic protocols proposed
in anti-VEGF, with strict monthly protocols (Rosenfeld et al.
2006) where patients routinely receive a monthly injection,
regardless of the neovascular activity.

The PIER study attempted to reduce the rate of routine
injections to quarterly injections (fixed regimen of three IVT
ranibizumab followed by quarterly injections), but it scored
lower than the previous two pivotals (Regillo et al. 2008).

The strict bi-monthly protocol (“Q8”) consists of a sys-
tematic administration every 2 months, after the first phase
of 3 monthly injections.

This type of protocol has the advantage of regularity and
continuous intra-vitreous antiangiogenic coverage.

However, the fixed and repeated nature of these so-called
“proactive” protocols may place many patients in the poten-
tial position of treatment, with a theoretical increase in the
risk of endophthalmitis.

Indeed, several studies have shown that a proportion of
patients did not require a new injection after the induction
phase in the first year (20% in the SUSTAIN study) (Holz
et al. 2011). Finally, repeated injections of anti-VEGF may
induce a potential risk for chorioretinal atrophy.

Protocols on Demand

The PrONTO study evaluated patients’ therapeutic retreat-
ment strategy (ranibizumab) based on the results of monthly
clinical examination and OCT data, following an induction
phase of 3 monthly intravitreal injections.

This protocol appears to be as effective as a functionally
stable monthly regimen with a lower IVT number (Lalwani
etal. 2009) finding a visual acuity gain of 9.3 letters at 1 year,
with 5.6 injections (versus 12 in MARINA and ANCHOR
studies).

This is a “Pro-Re-Nata” (PRN) treatment regimen that was
quickly adopted. Subsequently, other studies have confirmed
the equivalence of this protocol to fixed monthly schedules in
terms of visual gain. There are some adjustments to this PRN
protocol: when it includes a series of successive systematic
injections, it is called reinforced PRN, and when an injection
is programmed systematically at regular intervals, whatever
the exudative activity, the PRN is called “cappé.”

Evolutionary Protocols

A third strategy has been proposed: the “Treat and Extend”
which aims to reduce the number of visits while maintaining
the gain in visual acuity.

It consists of reviewing the patients after the induction phase
of three IVT (Spaide 2007): in case of persistence of the exuda-
tion, the patients are treated and reviewed again at 4 weeks. In
case of absence of exudation, they will still be treated (‘“Treat”)

but the time of the next control will be extended (“Extend”).
Monitoring can therefore be progressively spaced.

Thus, schematically, the patient will be treated at each
visit and the interval is gradually increased by 2 weeks in the
absence of exudation up to a maximum of 12 weeks. On the
other hand, in the presence of exudation, the interval is
reduced by 2 weeks to a minimum of 4 weeks. This approach
has the advantage of a gradual individualization of the treat-
ment but also presents obvious risks of over or under
treatment.

Recently, a new protocol has been described: the “Observe
and Plan” protocol (Mantel et al. 2014). It is based on the
principle that the exudative reactivation delay after the induc-
tion phase will condition future recurrence intervals.

Thus, patients will receive a series of three systematic
IVT followed by a monthly observation period “Observe”
which will determine the interval between the third injection
and the appearance of exudative signs on OCT, and this
interval will be decreased by 2 weeks.

From here, a fixed individual treatment “Plan” of three
new injections whose achievement interval was set during
the observation period is realized.

Then, at the end of this new series of IVT if neovascular
activity persists, the interval is further reduced by 2 weeks
for the following three systematic IVT, otherwise, the inter-
val is increased by 2 weeks and so after.

This protocol reduces the number of total visits over the
year but also presents a risk for over-treatment.

There is currently no consensus on the strategy to follow
when monitoring patients. It is important to individualize the
therapeutic protocol according to the profile of recurrence of
the patient after an observation phase.
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Abbreviations
AF Autofluorescence
AMD Age-related macular degeneration

BVN Branching vascular network

CNV Choroidal neovascularization

CSC Central serous chorioretinopathy

FA Fluorescein angiography

FAF Fundus autofluorescence

FCE Focal choroidal excavation

ICGA Indocyanine green angiography

MMP Matrix metalloproteinase

OCTA Optical coherence tomography angiography
PCV Polypoidal choroidal vasculopathy

PED Pigment epithelial detachment

PRN Pro re nata

RPE Retinal pigment epithelium

SD-OCT  Spectral-domain optical coherence tomography
VA Visual acuity

VEGF Vascular endothelial growth factor

vPDT Verteporfin photodynamic therapy
Introduction

Polypoidal choroidal vasculopathy (PCV) is a serosangui-
nous maculopathy more frequently affecting Asian popula-
tions (Cheung et al. 2018). It was first described in the 1980s
and is characterized by the presence of polyp-like aneurysmal
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subretinal vascular lesions which are best visualized using
indocyanine green angiography (ICGA) (Yannuzzi et al.
1990). PCV is generally considered a subtype of age-related
macular degeneration (AMD) as they share many common
clinical features and risk factors (Wong et al. 2016). Yet, more
recent evidence has demonstrated some significant disparities
between PCV and typical AMD, particularly in their clinical
course and response to treatment. Clinicians and researchers
are now therefore considering PCV as a separate disease
entity in its own right or as a variant of type 1 (sub-retinal
pigment epithelial) choroidal neovascularization (CNV).

Epidemiology of PCV

The definition and epidemiology of PCV is constantly evolv-
ing as newer imaging techniques become available. With the
presumption that PCV is a subtype of neovascular AMD, epi-
demiological data of PCV have largely been derived from
studies on AMD. Interestingly, PCV appears to have different
epidemiological profiles among various racial groups. The
prevalence of PCV in the general East Asian population is esti-
mated to be 0.3% (Li et al. 2014), and the prevalence of PCV
among the presumed AMD population is estimated to be
20-60% in Asians and 8—13% in Caucasians respectively (Li
et al. 2014; Sho et al. 2003; Wen et al. 2004; Liu et al. 2007;
Maruko et al. 2007; Byeon et al. 2008; Chang and Wu 2009;
Mori et al. 2010; Coscas et al. 2014; Cheung et al. 2014;
Ciardella et al. 2004). In Asians, PCV typically is a unilateral
disease with a male preponderance (Honda et al. 2014),
whereas in white and black patients, it tends to involve both
eyes and occurs predominantly in females (Lafaut et al. 2000).

Risk Factors of PCV

PCV shares several but not all risk factors with AMD
(Kikuchi et al. 2007; Zeng et al. 2013; Zhao et al. 2015;
Cheng et al. 2014) (Table 3.1). A number of studies have
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Table 3.1 Risk factors for the development of PCV
Smoking
Diabetes mellitus
End-stage renal failure
Inflammatory markers, e.g., C-reactive protein, interleukin-1B
Homocysteine
MMP-2, MMP-9
Serum VEGF level
MMP matrix metalloproteinase, VEGF vascular endothelial growth fac-

tor, bold text: risk factors shared with AMD, iralic text: risk factors
more strongly correlate with AMD

evaluated the genetics of PCV, and associations between
PCV and several gene loci involved in the inflammation,
lipid metabolism, and complement pathways have been
identified (Sakurada et al. 2013; Ma et al. 2015). Some of the
single nucleotide polymorphisms including ARMS2, HTRA,
and SERPINGI genes have been found to predict the treat-
ment response and outcomes (Ma et al. 2015) (see section
“Natural History of PCV”).

Etiology and Pathogenesis of PCV

The polypoidal lesions in PCV originate from an abnormal
CNV, likely as a consequence of local ischemia or inflam-
matory responses (Okubo et al. 2002). Angiogenic factors
like vascular endothelial growth factor (VEGF) have been
implicated in the development of PCV since elevated levels
of VEGF have been found in eyes with PCV (Lee et al.
2013; Tong et al. 2006). The aberrant, dilated choroidal ves-
sels interconnect into a branching vascular network (BVN),
and aneurysmal dilatations may arise at the outer border of
the BVN to form the characteristic polyps (Sato et al. 2007;
Okubo et al. 2002; Yannuzzi et al. 1990). These aberrant
BVN and polyps can cause exudation, breaching the retinal
pigment epithelium (RPE), and may rupture to cause
hemorrhage.

The choroid in PCV is commonly found to be hyperper-
meable and thickened (Chung et al. 2011). These features of
choroidal hyperpermeability and thickening have also been
found in other macular diseases including central serous
chorioretinopathy (CSC), pachychoroid pigment epitheliop-
athy, and pachychoroid neovasculopathy, which are now col-
lectively called pachychoroid eye diseases (Balaratnasingam
et al. 2016; Gallego-Pinazo et al. 2014).

Clinical and Imaging Features of PCV

PCV might sometimes be clinically indistinguishable from
neovascular AMD because on fundus examination, they
share a number of common clinical features, such as subreti-
nal exudate or hemorrhage, serous or hemorrhagic pigment

epithelial detachment (PED), and RPE atrophy (Tsujikawa
et al. 2007) (Figs. 3.1, 3.2, and 3.3). Importantly, eyes with
PCV often lack the typical signs of AMD like soft drusen,
pigmentary changes, and geographic atrophy (Yannuzzi
et al. 1990, 1997; Sho et al. 2003; Balaratnasingam et al.
2016). The polypoidal lesions can sometimes be seen on
fundus examination as protruding subretinal orange-red nod-
ules in the macular or peripapillary areas.

At present, ICGA is the gold standard for diagnosing
PCV. Although PCV demonstrates certain characteristic fea-
tures when assessed by other imaging modalities, ICGA
remains singularly important for reaching a definitive diag-
nosis. Nevertheless, accurately diagnosing PCV might be a

Fig. 3.1 (a) Left eye fundus photograph with polypoidal choroidal
vasculopathy showing serosanginous pigment epithelial detachments,
macular hemorrhage, and hard exudate. (b) Early phase indocyanine
green angiography of the eye showing multiple polyps (white arrows)
causing nodular hyperfluorescence and area of hyperfluorescence due
to branching vascular network (red arrows)
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Fig.3.2 (a) Right eye fundus photograph showing serous pigment epi-
thelial detachment with serous macular detachment. (b) Mid-phase
fluorescein angiography of the eye showing pooling of dye due to
serous pigment epithelial detachment. (¢) Early phase indocyanine
green angiography of the eye showing nodular hyperfluorescence due
to multiple polyps (white arrows) and an area of hypofluorescence due
to serous pigment epithelial detachment

Fig. 3.3 (a)Right eye fundus photograph with polypoidal choroidal vas-
culopathy showing right eye hemorrhagic pigment epithelial detachment
involving the superior macula. (b) Mid phase fluorescein angiography of
the eye showing blocked fluorescence due to hemorrhagic pigment
epithelial detachment and hyperfluorescence lesion at the inferior edge of
the pigment epithelial detachment. (¢) Early phase indocyanine green
angiography of the eye showing two nodular hyperfluorescent spots due
to polyps (white arrows) at the inferior edge of the pigment epithelial
detachment and an area of hyperfluorescence due to branching vascular
network (red arrows)
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challenge even for the experienced due to similarities of
PCV with typical neovascular AMD. On some occasions, the
polypoidal lesions might be invisible in the early stage of the
disease process and therefore repeated imaging is sometimes
needed to diagnose PCV.

Indocyanine Green Angiography

ICGA is the gold standard investigation in the diagnosis of
PCV. The polypoidal lesions appear as focal hyperfluorescent
nodules which may have a hypofluorescent halo, which can be
pulsatile and can be clustered in various configurations (Koh
et al. 2012; Spaide et al. 1995; Tan et al. 2015) (Figs. 3.1, 3.2
and 3.3). BVN can also be seen as interconnecting subretinal
vessels (Tan et al. 2015). With the need of recruiting PCV
patients for multicentered clinical trials, the EVEREST Study
Group has established a set of criteria for the diagnosis of PCV
and this has been widely utilized by many investigators world-
wide. The EVEREST Study diagnostic criteria require the
presence of focal hyperfluorescent lesions appearing within
the first 6 min on ICGA plus at least one of the following addi-
tional features: BVN on ICGA, pulsatile polyp on dynamic
ICGA, nodular appearance of the polyps on stereoscopic
viewing, presence of hypofluorescent halo, orange subretinal
nodule on color fundus photography, and/or associated mas-
sive hemorrhage (Koh et al. 2012) (Fig. 3.4).

Spectral-Domain Optical Coherence
Tomography

Although unable to replace ICGA in the diagnosis of PCV,
spectral-domain optical coherence tomography (SD-OCT)
has been found to have reasonable concordance with ICGA
for diagnosing PCV (Chang et al. 2016; De Salvo et al.
2014), making it a useful screening tool, especially in places
where ICGA is not readily available. The polyps on SD-OCT
can appear as sharply peaked elevation of the RPE (PED
peak or thumb-like protrusion) (Fig. 3.5) (Iijima et al. 1999,
2000). There is often a notch seen in the margin of a PED,
representing the site of the polypoidal lesion (Tsujikawa
et al. 2007). The separation between the RPE and Bruch’s
membrane caused by the BVN produces two distinct hyper-
reflective lines on SD-OCT, known as the double-layer sign
(Sato et al. 2007; Kim et al. 2013). Eyes with PCV have
SD-OCT findings in common with other pachychoroid dis-
eases, namely, thickened choroid, presence of dilated large
choroidal vessels (pachyvessels) obliterating the choriocap-
illaris and Sattler layer, and some eyes might also have local-
ized choroidal pitting known as focal choroidal excavation
(FCE) (Balaratnasingam et al. 2016; Gallego-Pinazo et al.
2014; Dansingani et al. 2016).

Fig. 3.4 (a) Left eye fundus photograph with polypoidal choroidal
vasculopathy showing left eye hemorrhagic pigment epithelial detach-
ments with massive subretinal hemorrhage involving inferiotemporal
macula. (b) Mid phase fluorescein angiography of the eye showing
blocked fluorescence due to hemorrhagic pigment epithelial detach-
ment and subretinal hemorrhage. Hyperfluorescence can be seen at the
superior edge of the pigment epithelial detachment and at the possible
polyps. (¢) Early phase indocyanine green angiography of the eye
showing two nodular hyperfluorescent spots due to polyps (white
arrows) at the superior edge of the subretinal hemorrhage
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Fig. 3.5 (a) Left eye fundus photograph with polypoidal choroidal
vasculopathy showing left eye serous macular hemorrhage with pig-
ment epithelial detachment and patches of subretinal hemorrhage. (b)
Spectral-domain optical coherence tomography showing serous macu-
lar detachment with thumb-like protrusion due to polyp (white arrow)
and double-layer sign due to branching vascular network (red arrows).

(¢) Mid phase fluorescein angiography of the eye showing blocked fluo-
rescence due to subretinal hemorrhages and smoke stalk leakage supe-
rior to the pigment epithelial detachment. (d) Early phase indocyanine
green angiography of the eye showing two nodular hyperfluorescent
spots due to polyps with branching vascular network at the notch of the
pigment epithelial detachment

Fig. 3.6 Right eye of a patient with polypoidal choroidal vasculopathy
associated with serous pigment epithelial detachment (PED). (a) Early
phase fluorescein angiography (FA) revealed hyperfluorescence (arrow
head). (b) Late phase FA photo was graded as transmission defect with-
out obvious leakage. (¢) Early and (d) late phase indocyanine green angi-
ography (ICGA) showed a cluster subretinal focal hyperfluorescence
from polypoidal lesion (arrow head). (e) The 3 x 3 mm en face optical
coherence tomography angiography (OCTA) scan area (green box) and

Optical Coherence Tomography Angiography

Optical coherence tomography angiography (OCTA) is an
emerging non-invasive technique for imaging retinal and
choroidal vasculature by detecting flow within the blood ves-

cross hairs (purple and blue lines) overlay on the black and white fundus
photo. (f) The segmentation slab (blue lines) was placed according to the
outline of the PED on OCT B-scan. The thumb-like protrusion attached
just below the retinal pigment epithelium represented a polyp. (g) En face
OCTA revealed flow signal from a branching vascular network in the
outer retina. The roundish flow signal (arrow head) indicated the polyps.
(h) The projection resolved en face OCTA coded the polyps (arrow head)
and branching vascular network in blue color

sels without the use of dye. Localized increase in flow signal
can be seen at the site of the polyps and BVN (Fig. 3.6).
Despite having this advantage over ICGA, OCTA cannot
substitute [CGA at present due to its incomplete PCV detec-
tion rate (Inoue et al. 2015).
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Fluorescein Angiography

Despite its value for diagnosing CNV in neovascular AMD,
fluorescein angiography (FA) is not essential for the diagno-
sis of PCV because FA does not visualize the choroidal vas-
culature well, as the polyps are not clearly delineated while
the size of the BVN is often exaggerated (Cheung et al.
2018). It has been suggested that FA does not seem to pro-
vide much additional diagnostic information on PCV when
other imaging modalities are available (Chaikitmongkol
et al. 2018). Nonetheless, FA is still useful to assess the
development of CNV in some cases of PCV, especially in
long-standing cases.

Fundus Autofluorescence

Fundus autofluorescence (FAF) is a non-invasive investiga-
tion which can detect the disruption of RPE metabolism and
function. In PCYV, the polyps most often appear as confluent
hypo-autofluorescence (AF) surrounded by a hyper-AF ring.
However, it may less commonly display other patterns or
even the opposite pattern, i.e., hyper-AF with circumferen-
tial hypo-AF. BVN primarily manifests as granular hypo-AF
(Oztas et al. 2016; Zhao et al. 2018; Yamagishi et al. 2012).
Early reports suggest that these appearances may change as
the disease progresses or regresses with treatment (Suzuki
et al. 2013; Yamagishi et al. 2014).

Natural History of PCV

PCV can cause exudative or hemorrhagic complications
similar to neovascular AMD (Uyama et al. 2002). However,
PCV was believed to have a more favorable outcome com-
pared to neovascular AMD, which may be partly due to the
lower frequency of fibrotic scar formation (Yannuzzi et al.
1997). PCV demonstrates significant heterogeneity in terms
of its natural history and prognosis. In half of the patients,
PCV is relatively self-limiting, or even may spontaneously
improve without treatment, whereas in the other half, the
disease can relapse and progress despite active treatment,
resulting in significant visual loss (Cheung et al. 2015). This
led to investigators further classifying PCV into potential
subtypes with different clinical courses and features accord-
ing to choroidal vascular abnormalities in ICGA, as well as
the degree of complexity of the vascular lesions (Yuzawa
et al. 2005; Tan et al. 2014). The presence of such vascular
lesions was found to be associated with ARMS2 gene poly-
morphism, which may in part explain the observed pheno-
typic differences (Tanaka et al. 2011). The “grape cluster”
pattern in particular is a negative prognostic factor (Uyama
et al. 2002).

Treatment of PCV

Several treatment options have been used in the treatment of
PCV, including verteporfin photodynamic therapy (vPDT),
intravitreal anti-VEGF therapy, thermal laser photocoagula-
tion, and combination therapy. The choice of treatment
depends on the individual patient’s clinical characteristics,
patients’ and doctors’ preferences, and the availability of the
treatment.

Verteporfin Photodynamic Therapy for PCV

Monotherapy using verteporfin photodynamic therapy
(vPDT) has been the most widely used treatment for PCV
prior to the availability of anti-VEGF therapy. The primary
effect of vPDT is to cause polyp closure thereby reducing
the exudation from the polyp (Kokame 2014). Paradoxically,
the initial visual acuity (VA) improvement following vPDT
monotherapy failed to last longer than 3 years (Wong et al.
2015). One hypothesis is that the collateral damage caused
by vPDT accrues over time and will ultimately be detri-
mental to the choriocapillaris, RPE, and photoreceptors,
resulting in macular atrophy. Furthermore, vPDT seems to
be rather ineffective against leakage from BVN
(Wakabayashi et al. 2008). The rare complications of mas-
sive subretinal hemorrhage, RPE tear, and choroidal isch-
emia also have hindered the use of vPDT in eyes with
relatively good visual acuity or large lesions involving the
fovea (Oishi et al. 2013).

Anti-VEGF Therapy for PCV

Initial reports in the use of anti-VEGF therapy for PCV
showed that PCV might be more resistant to treatment as
compared to typical CNV due to neovascular AMD (Cho
et al. 2009; Hatz and Prunte 2014). Some patients only
received their revised diagnosis of PCV after they have failed
to respond to multiple anti-VEGF injections as typical neo-
vascular AMD patients. Nonetheless, early studies showed
that anti-VEGF therapy can improve VA and reduce subreti-
nal fluid and hemorrhage (Gomi et al. 2008; Lai et al. 2008;
Kokame et al. 2014; Oishi et al. 2014). The EVEREST study
showed that anti- VEGF monotherapy with ranibizumab may
even outperform vPDT monotherapy in terms of VA gain,
albeit considerably less effective in causing polyp regression
(Koh et al. 2012). Different treatment schedules with fixed or
pro re nata (PRN) dosing regimens have been looked at, but
no significant difference was detected (Inoue et al. 2016).
From cross-study results, the efficacy of ranibizumab and
bevacizumab as monotherapy appeared to be comparable
(Cho et al. 2012). Aflibercept, on the other hand, may have
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better polyp closure rates (Yamamoto et al. 2015), but these
results are yet to be confirmed by formal prospective head-
to-head studies.

Combination Therapy for PCV

There appears to be a slight disparity between the angio-
graphic and functional response following treatment of PCV:
vPDT appears to perform better anatomically by causing
polyp closure; whereas anti-VEGF therapy brings about bet-
ter VA improvement and reduce leakage but has a weaker
effect on polyp closure. The EVEREST II study showed that
the combination of ranibizumab and vPDT resulted in better
VA gain, polyp regression rate, and lower number of injec-
tions compared with ranibizumab monotherapy (Koh et al.
2017). Deferring vPDT may expose fewer patients to the
potential risks of vPDT but the FUJIISAN study showed that
patients who had deferred PDT in combination with ranibi-
zumab may require more additional ranibizumab injections
after the initial 3 months (Gomi et al. 2015). However, the
PLANET study found that deferred rescue PDT therapy did
not have any additional benefits compared to aflibercept
monotherapy with a fixed dosing interval (Lee et al. 2018).

Thermal Focal Laser Photocoagulation

Thermal focal laser is generally no longer performed as a
first-line therapy due to its high recurrence rate (Yuzawa
et al. 2003). Its use is usually limited to treating extrafoveal
lesions because of the potential in causing damage and scar-
ring of the retina and RPE (Gemmy Cheung et al. 2013).
However, the selective use of thermal laser may be applied in
conjunction with PDT or anti-VEGF for recurrent PCV
(Jeon et al. 2013).

Management Algorithm of PCV

There is yet a standard treatment algorithm set by any guide-
lines. Still, there are several principles in which most experts
agree upon. First of all, both anti-VEGF monotherapy and
combination with vPDT are reasonable first-line therapy
according to current evidence. Any relative contraindications
of vPDT, such as good baseline VA or uncertainty over the
diagnosis of PCV, may make anti-VEGF therapy more pref-
erable as the first-line therapy. Regardless of the initial treat-
ment modality, close follow-up is paramount to monitoring
the treatment response due to the high recurrence rate of
PCV. Thermal focal laser photocoagulation may have a role
in treating extrafoveal disease. Recurrent PCV may require
anti-VEGEF plus selective VPDT or laser therapy.
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Abbreviations

AMD  Age-related macular degeneration
CNV  Choroidal neovascularization

CSC Central serous chorioretinopathy

FA Fluorescein angiography

FAF Fundus autofluorescence

ICGA Indocyanine green angiography

OCT Optical coherence tomography

PDT Photodynamic therapy

PED Pigment epithelial detachment

PPE Pachychoroid pigment epitheliopathy
PPS “Peripapillary pachychoroid syndrome”
RPE Retinal pigment epithelial

VEGF  Vascular endothelial growth factor

Central Serous Chorioretinopathy
Introduction

Central serous chorioretinopathy (CSC) is a chorioretinal dis-
order characterized by serous detachment of the neurosen-
sory retina, associated with serous retinal pigment epithelial
(RPE) detachment, angiographic leakage at the level of the
RPE, and choriodal hyperpermeability (Nicholson et al.
2013). It is usually idiopathic but might also be secondary to
high levels of endogenous or exogenous corticosteroids. CSC
typically affects young to middle-aged men, and the lesion is
usually located at the posterior pole (Kitzmann et al. 2008).
CSC can be classified according to its clinical course: acute or
chronic (persisting for more than 3—6 months). Acute CSC
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usually resolves spontaneously within 2-3 months with good
visual prognosis. However, some patients with chronic CSC
may suffer from persistent or recurrent serous macular
detachment with subsequent progressive visual loss (Gilbert
et al. 1984).

Pathogenesis

The pathophysiology of CSC is poorly understood. It was
initially suggested that CSC results from the dysfunction of
RPE ion pumping, with a reverse in fluid movement in a
chorioretinal direction (Spitznas 1986). Later, the patho-
genesis of CSC was proposed to be choroidal vascular
hyperpermeability, with and without associated active pig-
ment epithelial leaks or pigment epithelial detachment
(PED) (Guyer et al. 1994). It has been widely accepted that
choroidal hyperpermeability causes serous detachments of
the RPE, which can induce a rip or decompensation of the
RPE. This subsequently causes RPE leakage, leading to
diffusion of water, electrolytes, and proteins to neurosen-
sory retinal space. The cause of the choroidal abnormality
is still unknown, and changes of the autoregulation in the
choroidal blood flow or localized lobular choroidal isch-
emia have been suggested as a possible cause (Tittl et al.
2005; Prunte and Flammer 1996).

The risk factors for CSC include the use of corticoste-
roid medication, psychological stress and type A personal-
ity, hypertension, gastroesophageal reflux disease,
pregnancy, and the use of psychotropic medication
(Yannuzzi 1987; Tittl et al. 1999; Liew et al. 2013). The use
of corticosteroid medication is the most widely accepted
risk factor, and the use of both systemic and local glucocor-
ticoids has been implicated in CSC (Carvalho-Recchia
et al. 2002). The proposed mechanisms to explain this asso-
ciation are induction of choroidal vasoconstriction by
reducing nitric oxide production, direct increase in the per-
meability of the blood vessels, and RPE cell tight junction
damage (Smith 1984; Liew et al. 2013). Corticosteroids can
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also reverse the polarity of RPE cells, which causes them to
pump ions into the subretinal space (Bastl 1987; Sandle
and McGlone 1987).

Clinical Features

On fundus examination, acute CSC typically shows a well-
demarcated oval-shaped area of neurosensory retinal detach-
ment in the posterior pole (Fig. 4.1). Serous PED can also
occur together or independently. In chronic recurrent cases,
RPE changes and atrophy may develop and an atrophic RPE
tract connecting the macula to the inferior detachment might
be seen. Bullous neurosensory detachments can be noted in
atypical CSC cases, which are usually located inferiorly as
the subretinal fluid drains down from the macula by gravity
(Yannuzzi et al. 1984; Gass and Little 1995) (Fig. 4.2).

Fig. 4.1 Color fundus photograph shows round neurosensory retinal
detachment at the posterior pole

Fig. 4.2 Wide color fundus photograph shows serous pigment epithe-
lial detachment at the posterior pole and bullous neurosensory detach-
ment involving the inferior half of the retina

Fig. 4.3 Enhanced-depth imaging optical coherence tomography
shows increased choroidal thickness (measured subfoveally at 650 pm),
a retinal pigment epithelial elevation, and a hyper-reflective flow within
the subretinal fluid. Beneath the retinal pigment epithelial elevation, the
choroidal vessels are more dilated, and the choriocapillaris is thinner
than in the adjacent area

Optical coherence tomography (OCT) is the primary
modality for the diagnosis and follow-up of CSC. Recently,
enhanced-depth imaging and swept-source technologies
have allowed full-depth visualization of the choroid, improv-
ing the morphological analysis of choroidal vessels.
Compared to healthy subjects, increased choroidal thickness
has been reported in both affected and fellow eyes of CSC
patients (Kuroda et al. 2013; Maruko et al. 2011). Increased
choroidal thickness can result from focal or diffuse dilatation
of large choroidal vessels, which are commonly co-localized
within areas of choroidal vascular hyperpermeability on
indocyanine green angiography (ICGA) (Jirarattanasopa
etal. 2012; Yang et al. 2013). Attenuation of the inner choroi-
dal layer or RPE elevations are also frequently observed
above dilated choroidal vessels (Fig. 4.3). Elongation of
photoreceptor outer segments in the area of serous retinal
detachment, which is attributable to the lack of phagocytosis
by the RPE, is a frequent OCT finding in CSC (Matsumoto
et al. 2008).

Fluorescein angiography (FA) in acute CSC typically
shows one of the two different types of leakage patterns: ink
blot or smoke stack (Fig. 4.4). Smoke stack appearance is
less common and only appears in about 10-15% of patients
with acute CSC (Bujarborua et al. 2010). PED manifests on
FA as the pooling of dye in the sub-RPE space. Chronic CSC
may show an RPE window defect due to RPE atrophy. In
atypical CSC cases, multiple sites of leakage can be noted
(Fig. 4.5).

In CSC, ICGA provides an insight into choroidal changes
contributing to the disease process and essential data to dis-
tinguish complex chronic cases with accompanying choroidal
neovascularization (CNV). ICGA typically exhibits abnor-
mally dilated choroidal vasculature in the early phase and
choroidal hyperpermeability in the mid- to late phase (Spaide
et al. 1996) (Fig. 4.6). Delayed initial filling of arteries and
choriocapillaris in the early phase and hypofluorescent areas
persisting in mid- and late phases can also be seen, which
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Fig. 4.4 Fundus fluorescein
angiography of acute central
serous chorioretinopathy
shows leakage with an ink
blot appearance (left) and a
smoke stack appearance
(right)

Fig. 4.5 Fundus fluorescein
angiography of chronic
central serous
chorioretinopathy shows a
window defect due to retinal
pigment epithelial atrophy
(left) and multiple pin-point
leakages (right)

Fig. 4.6 Indocyanine green angiography shows delayed initial filling of arteries and choriocapillaris in the early phase (left), and areas of hyper-
fluorescence in the mid-phase (middle) which persist through the lase phase (right)
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Fig. 4.7 Fundus
autofluorescence imaging of
chronic central serous
chorioretinopathy shows
hypo-autofluorescent
gravitational tracks in both
eyes, and areas of
hyperfluorescence in the left
eye

may be one of the mechanisms that lead to choroidal venous
dilation and congestion (Prunte and Flammer 1996; Kitaya
et al. 2003). In more than half of the asymptomatic fellow
eyes, choroidal changes similar to those of affected eyes were
observed on ICGA (lida et al. 1999).

During the acute phase of the disease, fundus autofluores-
cence (FAF) typically shows hypofluorescence over the area
of neurosensory detachment due to blockage by subretinal
fluid. It may either return to normal, or be progressively
replaced by hyperfluorescence (Framme et al. 2005). The
accumulation of non-shed fluorophore in elongated outer
segments or the loss of photoreceptor outer segments may
explain the subsequent increase in FAF (Iacono et al. 2015;
Matsumoto et al. 2011). In chronic CSC, multiple oblong
descending tracks of decreased FAF surrounded by a thin
contour of increased FAF can be noted, often originating
from the optic disc and the macula (Fig. 4.7).

Management

There is no consensus about the most suitable treatment and
the optimal timing for intervention in CSC. Regarding the
favorable natural course of the disease, observation can be
the appropriate first-line approach in acute CSC. However,
intervention can be considered in the following indications:
persistent submacular fluid for over 4-6 months, history of
multiple recurrences, diffuse RPE atrophy, reduced visual
acuity, and cases requiring rapid recovery (Nicholson et al.
2013).

Medical Therapy: Mineralocorticoid Receptor
Antagonists

The association between CSC and elevated systemic cortisol
level has been well documented, and steroid antagonists
have been investigated as treatments for CSC. The mineralo-
corticoid antagonists, spironolactone and eplerenone, have
been introduced as a systemic treatment option for CSC by
reducing steroid levels. Although short-term anatomical and
visual benefits were demonstrated in several retrospective
and a few prospective studies (Daruich et al. 2016; Bousquet
et al. 2015), most were limited by their retrospective and
non-randomized designs, small sample sizes, and relatively
short follow-up periods. Ongoing and future studies are
needed to elucidate the role of mineralocorticoid antagonists
in the treatment of CSC.

Medical Therapy: Anti-vascular Endothelial

Growth Factor Agents

Although CSC is not associated with increased vascular
endothelial growth factor (VEGF) ocular levels (Shin and
Lim 2011), anti-VEGF therapy has been used based on the
expectation of reducing the choroidal hyperpermeability
(Chung et al. 2013). A few case series reported beneficial
effects of anti-VEGF treatment in chronic or recurrent
cases (Artunay et al. 2010; Pitcher et al. 2015). However,
based on the meta-analysis of comparative studies includ-
ing acute and chronic CSC, no significant difference was
observed between anti-VEGF treatment and observation in
visual and anatomical outcomes (Ji et al. 2017; Chung et al.
2013).
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Conventional Laser Photocoagulation

Traditionally, the use of thermal laser photocoagulation has
been attempted to seal the RPE leakage points, although it
is not expected to act on choroidal congestion and hyper-
permeability. Several studies have compared laser photoco-
agulation to observation and reported that it may not affect
the final functional outcomes or the rate of recurrence
(Burumcek et al. 1997). Also, significant adverse effects
such as permanent scotoma, enlargement of RPE scarring,
and secondary laser-induced CNV formation have been
reported (Robertson and Ilstrup 1983). However, laser pho-
tocoagulation may still have a role in the management of
CSC with a discrete, solitary extrafoveal leaking point.

Subthreshold Laser Therapy

In subthreshold laser therapy, RPE cells are selectively
destroyed by exploding melanosomes with microsecond or
nanosecond pulses, while photoreceptors and Bruch mem-
brane are spared (Roider et al. 1993). The RPE cells in the
surrounding areas then stretch, migrate, and proliferate to
refill the damage zone. It is assumed that this process
improves the cellular tight junctions and pumping func-
tions of RPE cells (Flaxel et al. 2007; Paulus et al. 2011).
This may theoretically reduce the risk of structural and
functional retinal damage while retaining the therapeutic
efficacy of conventional laser treatment. Several retrospec-
tive, prospective case series and small randomized clinical
trials have demonstrated the safety and short-term efficacy
of subthreshold laser therapy in patients with chronic and
possibly acute CSC (Scholz et al. 2015; Kretz et al. 2015).
Because of wide variations in study designs and laser pro-
tocols, further prospective, randomized, and controlled
studies should be performed to fully substantiate the
observed treatment efficacy and safety of subthreshold
laser therapy.

Photodynamic Therapy

Photodynamic therapy (PDT) is proposed to work through
vascular remodeling of the choroid which leads to decreased
choroidal volume, permeability, and leakage of fluid. At the
beginning, several studies reported that ICGA-guided PDT
with standard parameters and standard dose of verteporfin led
to anatomic and functional improvement in CSC (Yannuzzi
et al. 2003; Battaglia Parodi et al. 2003). However, complica-
tions appeared in some cases subsequently, including RPE
atrophy, choriocapillaris ischemia, and secondary CNV (Chan
et al. 2003). In an attempt to enhance the efficacy of PDT in
treating CSC while minimizing its side effects, distinct strate-

gies modifying the route of administration, timing of laser
exposure, and reduction in fluence and verteporfin dose have
been tried. Both half-dose verteporfin (3.0 mg/m?) and half-
fluence (25 J/cm?) PDT achieved resolution of subretinal fluid
and visual improvement. Also, these safety-enhanced PDT
protocols could significantly decrease the hypoxic damage to
physiologic choroid caused by conventional PDT (Reibaldi
et al. 2010; Shin et al. 2011). In several meta-analyses, PDT
was superior with respect to absorption of subretinal fluid
compared to laser photocoagulation and intravitreal injection
of anti-VEGF drugs (Ma et al. 2014; Lu et al. 2016). Also, a
randomized, controlled trial demonstrated the superiority of
half-fluence PDT compared with intravitreal ranibizumab in
the treatment of chronic CSC (Bae et al. 2014). Therefore,
based on the evidence to date, PDT stands out as the most
promising therapy among all treatment options in treating both
acute and chronic CSC patients.

Pachychoroid Eye Diseases

The term pachychoroid was initially introduced into the lit-
erature in 2013 to describe retinal pigment epitheliopathy in
patients with choroidal findings resembling those of central
serous chorioretinopathy (Warrow et al. 2013). It was origi-
nally conceived to reflect choroidal congestion and choroidal
hyperpermeability manifested by choroidal thickening on
OCT. However, there is no consensus on the definition of
thick choroid. Subfoveal choroidal thickness can be influ-
enced by physiologic and ocular factors including age, sex,
and axial length, and the normative value has not been deter-
mined (Barteselli et al. 2012). Also, it is possible for an eye
with normal choroidal thickness to be defined as pachycho-
roid when the increased luminal volume secondary to cho-
roidal vessel dilation is offset by the reduction in tissue
volume from the stroma. Indeed, further investigations have
broadened its original description to emphasize additional
qualitative features. These features include diffuse or focal
choroidal thickening that is localized within the disease
focus and attributable to pathologically dilated Haller’s veins
(termed “pachyvessels”) (Lee etal. 2016a, b; Balaratnasingam
et al. 2016). Choriocapillaris and Sattler layers overlying
pachyvessels become attenuated focally, and close approxi-
mation of pachyvessels and the Bruch-RPE complex may
lead to pathologic pachychoroid-driven process. Currently,
the concept of pachychoroid includes not only the anatomi-
cal increase of choroidal thickness, but has evolved into
structural and functional changes of the choroid.
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Fig.4.8 Multimodal imaging of pachychoroid pigment epitheliopathy.
Color fundus photographs of both eyes show pigmentary changes with-
out drusen. Fundus autofluorescence imaging reveal hyper- and hypo-
autofluorescent changes in the posterior poles, and indocyanine green
angiography in the mid- to late phase shows choroidal hyperpermeabil-

Pachychoroid Pigment Epitheliopathy

Pachychoroid pigment epitheliopathy (PPE) is a novel clini-
cal entity first described in 2013 that is characterized by a
range of RPE abnormalities and pigmentary changes overly-
ing the areas of choroidal thickening (Warrow et al. 2013).
These patients exhibit reduced fundus tessellation at the
posterior pole on ophthalmoscopy, choroidal hyperperme-
ability on ICGA, and relatively thick subfoveal choroid and
Haller’s layer vessel dilation on enhanced depth imaging

ity. Enhanced depth imaging optical coherence tomography reveals
retinal pigment epithelial elevation inferonasal to the fovea in the right
eye. Disruption of ellipsoid zone and shallow pigment epithelial detach-
ment temporal are seen in the left eye. Note the thickened choroid with
dilated choroidal vessels under the RPE changes

OCT, particularly at the sites of RPE abnormalities
(Fig. 4.8). FAF abnormalities are also noted at the sites cor-
responding to RPE disturbances. Although these features
are similar to that of CSC, these patients had no findings or
history indicative of subretinal fluid. Therefore, PPE was
described as a possible precursor, or forme fruste, of
CSC. Since none of the patients developed clinically evident
subretinal fluid, choroidal vascular hyperpermeability and/
or choroidal thickening alone may be the cause of pigment
epitheliopathy.
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Fig. 4.9 Multimodal
imaging of pachychoroid
neovasculopathy. Swept-
source optical coherence
tomography and optical
coherence tomography
angiography show type 1
neovascularization above the
dilated Haller’s vessels.
Fluorescein angiography
shows occult choroidal
neovascularization with
diffuse leakage, and
indocyanine green
angiography in the early to
mid-phase reveals
hyperfluorescent plaque
without polypoidal lesions

Pachychoroid Neovasculopathy

The term “pachychoroid neovasculopathy” has been intro-
duced to describe type 1 neovascularization associated with
choroidal thickening and/or dilated Haller’s vessels in the
absence of characteristic age-related macular degeneration
features such as drusen (Pang and Freund 2015) (Fig. 4.9).
The proposed mechanism for the development of pachycho-
roid neovasculopathy is the mechanical stress and/or isch-
emic insult induced by dilated Haller vessels to the overlying
RPE-Bruch membrane-choriocapillaris complex, leading to
the expression of angiogenic factors. It can develop after
long-standing CSC, but it can also develop without anteced-
ent neurosensory detachment attributable to CSC (Fung
et al. 2012). It was hypothesized that pachychoroid
neovasculopathy is associated with PCV and that pachycho-
roid neovasculopathy can ultimately progress to the
development of polypoidal lesions. Eventually, a pachycho-
roid-related spectrum of diseases including PPE-CSC-

pachychoroid neovasculopathy-PCV has been proposed.
The frequency of pachychoroid neovasculopathy among
neovascular age-related macular degeneration (AMD) is not
reported yet, but it is considered to comprise a significant
portion of lesions which were classified as exudative AMD
in Asians previously (Wong et al. 2016). OCT angiography
can be useful in detecting the CNV complex within irregular
PEDs in chronic CSC, particularly where FA, ICGA, and
OCT reveal inconclusive results (Hage et al. 2015). The
treatment response to anti-VEGF injection is not fully
understood in pachychoroid neovasculopathy. Since afliber-
cept showed greater effects on the choroid and was superior
to ranibizumab in achieving remission of exudation in eyes
with choroidal hyperpermeability (Hata et al. 2014; Koizumi
et al. 2015), it may also have advantages in treating pachy-
choroid neovasculopathy. In cases refractory to anti-VEGF
injection, adjunctive PDT was reported to be effective in the
resolution of the exudation and stabilization/improvement
of vision (Lee and Lee 2016).
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Fig. 4.10 Multimodal
imaging of peripapillary
pachychoroid syndrome.
Enhanced-depth imaging
optical coherence tomography
shows intraretinal fluid in the
nasal macula extending from
the temporal optic disc
margin in which atrophy of
the retinal pigment
epithelium, ellipsoid zone,
and external limiting
membrane is noted.
Fluorescein angiography
demonstrates the peripapillary
hyperfluorescent ring without
significant leakage.
Indocyanine green
angiography exhibits
choroidal hyperpermeability
at the papillomacular area

Peripapillary Pachychoroid Syndrome

The term “peripapillary pachychoroid syndrome” (PPS) has
been suggested to describe eyes that exhibit peripapillary
choroidal thickening and intraretinal and/or subretinal fluid
in the nasal macular region extending from the temporal
margin of the optic disc (Phasukkijwatana et al. 2018). The
nasal macular choroid tends to be thicker than the temporal
macular choroid, and dilated large choroidal vessels are
more prominent in the nasal areas versus the temporal areas
(Fig. 4.10). Intraretinal and/or subretinal fluid can also be
seen on the nasal side of the nerve. FA usually illustrates
minimal or no leakage, and mild late fluorescein disc leakage
can be identified in some cases. Dilated Haller’s vessels on
OCT and choroidal hyperpermeability are frequently noted,
and eyes with PPS can exhibit overlapping findings with
CSC, such as serous PED and gravitational tracks. The rea-
son why the choroid is congested preferentially in the peri-
papillary region and the mechanism of intraretinal fluid
extension from the disc margin are unclear. Acquired lamina
cribrosa defects or disinsertion have been noted in a certain
portion of PPS eyes and have been suggested as a potential
source of fluid entrance (Lee et al. 2016a, b). Alternatively,
atrophy of RPE and external limiting membrane in the peri-
papillary region may allow fluid from congested choroid to
enter the retina (Pautler and Browning 2015).
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Abbreviations

BCVA Best-corrected visual acuity

BM Bruch’s membrane

CNV Choroidal neovascularization

HM High myopia

META-PM  Meta-analyses of pathologic myopia
MTM Myopic traction maculopathy

OCT Optical coherence tomography
PDCA Peripapillary diffuse choroidal atrophy
PM Pathologic myopia

Introduction

Complications from pathologic myopia (PM) are a major
cause of the loss of the best-corrected visual acuity (BCVA),
especially in East Asia (Asakuma et al. 2012; Xu et al.
2006; Liang et al. 2008; Chang et al. 2013; Morgan et al.
2012; Wong and Saw 2016). The loss of BCVA in addition
to decrease in uncorrected visual acuity is a major feature
of PM due to its specific complications. Complications of
PM develop mainly in the macula and in the optic nerve
area. The deformity of the globe, including posterior
staphyloma, may facilitate the development of these
pathologies.

Definition of Pathologic Myopia

The definition of “PM” has not been standardized among
studies; other terms like “high myopia (HM)” have been
used similarly. However, “HM” means a high degree of myo-
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pia and does not always include the presence of complica-
tions causing the BCVA decrease.

Excessive elongation of the globe and posterior staphy-
loma are believed to be important factors in the development
of posterior fundus lesions in PM (Curtin 1977; Steidl and
Pruett 1997; Spaide 2014; Moriyama et al. 2011; Ohno-
Matsui et al. 2012). However, refractive error or axial length
alone often does not adequately reflect “pathologic myopia.”
Posterior staphyloma, which is a hallmark lesion of patho-
logic myopia, can occur also in non-highly myopic eyes
(Curtin and Karlin 1970; Wang et al. 2016). Recently, an
international panel of researchers in myopia reviewed previ-
ously published studies and classifications and proposed a
simplified, uniform classification system for PM for use in
future studies (Ohno-Matsui et al. 2015a, b). In this
META-PM (meta-analyses of pathologic myopia) study
classification, PM was defined as eyes having chorioretinal
atrophy equal to or more severe than diffuse atrophy or as
eyes having posterior staphyloma (Ohno-Matsui et al. 2016a,
b; Ohno-Matsui 2017).

Complications of PM
Myopic Maculopathy

Curtin and Karlin first proposed a definition of myopic mac-
ulopathy that included the features of chorioretinal atrophy,
central pigment spot, lacquer cracks, posterior staphyloma,
and optic disc changes in 1970 (Curtin and Karlin 1970).
Later, Tokoro updated the classification of myopic macular
lesions into four categories: (1) tessellated fundus, (2) dif-
fuse chorioretinal atrophy, (3) patchy chorioretinal atrophy,
and (4) macular hemorrhage (Tokoro 1998).

Recently, an international panel of researchers in myopia
reviewed previously published studies and classifications
and proposed a simplified, uniform classification system for
pathologic myopia for use in future studies (Ohno-Matsui
et al. 2015a, b). In this simplified system (META-PM clas-
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Table 5.1 Summary of the classification of myopic maculopathy according to META-PM study

‘Well-defined choroidal vessels can be observed clearly around the fovea and arcade vessels
The posterior pole appears yellowish white, extent of which is variable

Well-defined, grayish white lesions, size variable between 1 and several choroidal lobules
‘Well-defined, round chorioretinal atrophic lesion that is grayish white or whitish around a

regressed fibrovascular membrane that enlarges with time. Generally, macular atrophy is
centered on the central fovea and has a round shape

Active CNV should be accompanied by exudative activity or hemorrhage. Serous retinal

META-PM
classification Myopic retinal changes Fundus appearance
Category 0 No myopic retinal changes
Category 1 Tessellated fundus
Category 2 Diffuse chorioretinal atrophy
Category 3 Patchy chorioretinal atrophy
Category 4 Macular atrophy
+1Ic Lacquer cracks Yellowish thick linear pattern
+ CNV Choroidal neovascularization
detachments can be present
+Fs Fuchs spot

- Posterior staphyloma

Fig. 5.1 Maculopathy due to
pathologic myopia. (a)
Diffuse atrophy is observed as
a yellowish, ill-defined lesion
in the posterior fundus. (b)
Patchy atrophy. Areas of
patchy atrophy are observed
as whitish, well-defined
lesions lower to the macula.
(¢) Lacquer cracks are
observed as yellowish, linear
lesions. (d) Myopic choroidal
neovascularization (myopic
CNYV). Myopic CNV in this
case is observed as grayish
fibrovascular membrane.
Subretinal bleeding is
observed around the CNV

sification; Table 5.1), myopic maculopathy lesions are cate-
gorized into five categories from “no myopic retinal lesions”
(Category 0), “tessellated fundus only” (Category 1), “dif-
fuse chorioretinal atrophy” (Category 2; Fig. 5.1a), “patchy
chorioretinal atrophy” (Category 3; Fig. 5.1b), to “macular
atrophy” (Category 4). Three additional features were added
to these categories and were included as “plus signs™: (1)
lacquer cracks (Fig. 5.1¢), (2) myopic CNV (Fig. 5.1d), and
(3) Fuchs spot. The reason for separately defining these “plus
signs” is that these three lesions have been shown to be
strongly associated with central vision loss, but they do not

Pigmented spot representing the dry fibrovascular scar of myopic CNV
Local bulging of the sclera at the posterior pole that has a radius of less than the surrounding
curvature of the wall of the eye

fit into any particular category and may develop from, or
coexist, in eyes with any of the myopic maculopathy catego-
ries described above. Based on this new classification, patho-
logic myopia is defined as myopic maculopathy category 2
or above, or presence of “plus” sign, or the presence of pos-
terior staphyloma (Ohno-Matsui et al. 2016a, b; Verkicharla
et al. 2015).

Currently, an update of the META-PM classification is
proposed based on our recent longer follow-up study
(>10 years). Longer follow-up data showed that the pro-
gression from C3 to C4 is uncommon, and most macular



5 Myopic Maculopathy Due to Pathologic Myopia

51

atrophy (C4) is myopic CNV-related. In addition, a Fuchs
spot is a pigmented scar of myopic CNV. Not all scarring
from myopic CNV shows an increased pigmentation.
Thus, it might be better not to separately identify Fuchs
spot, but rather to designate active phase and scar phase
together under the category of myopic CNV. Finally, the
lesions from C2 through C4 are specific to PM, whereas
C1 is seen even in mild myopia and CO is just normal fun-
dus. Thus, new classification is expected to include only
the lesions specific to PM (thus, C2, C3, C4, lacquer
cracks, myopic CNV) and would be better named “PM
maculopathy.”

Features of Each Lesion of PM Maculopathy
Diffuse Atrophy

Diffuse chorioretinal atrophy is observed as ill-defined yel-
lowish lesions in the posterior fundus of highly myopic eyes
(Fig. 5.1a). The main feature of diffuse atrophy is a marked
thinning (almost absence) of choroid. Optical coherence
tomography (OCT) shows a marked thinning of the choroid
in the area of diffuse atrophy (Fig. 5.2). In most of the cases,
the choroid is almost absent except for sporadic large choroi-
dal vessels. The presence of outer retina and RPE even in
areas where most of the choroid is gone might explain
relatively preserved vision in eyes with diffuse atrophy.
Although the choroid becomes thinned in eyes with tessel-
lated fundus, the degree of choroidal thinning is much more
serious in eyes with diffuse atrophy, and such disproportion-
ate thinning of choroid compared to the surrounding tissue
(RPE, outer retina, and sclera) might be a key phenomenon
in diffuse atrophy.

Fig. 5.2 Extreme thinning of choroid in an eye with diffuse atrophy
shown by optical coherence tomography (OCT). OCT image of eyes
with diffuse atrophy shows almost absence of choroid between retina
and sclera

Recently, in a retrospective study of myopic children with
at least 20 years of follow-up, Yokoi et al. reported that 83%
of adults with PM had peripapillary diffuse choroidal atro-
phy (PDCA) in childhood (Yokoi et al. 2016). OCT showed
that PDCA was an abrupt and focal loss of peripapillary cho-
roid (Yokoi et al. 2017).

Patchy Atrophy

Patchy chorioretinal atrophy is observed as a grayish-white,
well-defined atrophy (Figs. 5.1b and 5.3) (Tokoro 1998).
Due to an absence of RPE and most of the choroid, the
sclera can be observed through transparent retinal tissue,
which is considered to show white color. By using a recent
imaging technology, swept-source OCT, Ohno-Matsui et al.
(20164, b) recently reported that patchy atrophy was not
simply a patch of chorioretinal atrophy but it was a hole in

Fig. 5.3 Bruch’s membrane defects in the area of patchy atrophy. Top.
Fundus of a left eye shows an area of patchy atrophy. Long narrow arrow
indicates a scanned line examined by OCT. Bottom. A horizontal OCT
section across the area of patchy atrophy shows the end of retinal pigment
epithelium (black arrows). Increased light penetrance is observed in the
area defective of RPE. The remnants of Bruch’s membrane are observed
near the edge of the Bruch’s membrane defect (arrowheads) are jagged. In
an area defective of Bruch’s membrane, almost the entire choroid is miss-
ing and the inner retina is in direct contact with the sclera. (Reproduced
with permission from Elsevier. License number is 4786210056925)
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Bruch’s membrane (BM) (Fig. 5.3, cited with permission).
In the area of patchy atrophy without BM, most of the thick-
ness of choroid, RPE, and outer retina are lost and the inner
retina directly sits on the sclera. This differs from the find-
ing that the RPE and outer retina are preserved in most of
the eyes with diffuse atrophy, although it is not certain if the
remaining photoreceptors and RPE function normally in
those eyes.

Lacquer Cracks

Lacquer cracks are fine, irregular, yellow lines, often branch-
ing and crisscrossing, seen in the posterior fundus of highly
myopic eyes (Fig. 5.1d). Curtin and Karlin reported that lac-
quer cracks were found in 4.3% of highly myopic eyes
(Curtin and Karlin 1970). Histologically, the lacquer cracks
represent healed mechanical fissures in the RPE-Bruch’s
membrane-choriocapillaris complex (Grossniklaus and
Green 1992).

Lacquer cracks can develop at a relatively early age in
highly myopic patients (e.g., in the 30s). Tokoro reported
that the frequency of lacquer cracks was low in patients
younger than age 20 and in the elderly, but increases around
ages 40 and 60 years (Tokoro 1998). The frequency distribu-
tion of lacquer cracks showed two peaks in the age between
35 and 39 years and the age between 55 and 59 years.

Lacquer cracks might be a unique lesion among the vari-
ous lesions of myopic maculopathy, because they seem to be
caused almost purely by mechanical expansion of the globe
and are not much influenced by aging. In OCT examinations,
lacquer cracks are observed as an increased light penetration
into deep tissues with RPE discontinuity. The most recent
technology, OCT angiography, can clearly demonstrate the
crack in the choriocapillaris.

Myopic CNV and CNV-Related Macular Atrophy

Myopic CNV (Fig. 5.1c) is a major sight-threatening compli-
cation of pathologic myopia. It is the most common cause of
CNV in individuals aged below 50 years, and the second most
common cause of CNV overall (Cohen et al. 1996; Neelam
et al. 2012). Myopic CNV tends to be small and thus about
20% of them are extra-foveal (Yoshida et al. 2003). Most of
them are type II CNV, above the RPE. In natural course as

Fig. 5.4 Myopic CNV-related macular atrophy. A well-demarcated
area of atrophy is observed centered on the fovea

well as after treatment, myopic CNV goes through three
phases: active phase, scar phase, and atrophic phase (also
known as myopic CNV-related macular atrophy) (Fig. 5.4).

Since the introduction of anti-VEGF agents in ophthal-
mology around 10 years ago, anti-angiogenesis treatment
with intravitreal anti-VEGF therapy has become the
standard-of-care first-line treatment for myopic CNV
(Ohno-Matsui et al. 2016a, b; Lai and Cheung 2016). In
addition, two large, multi-centered, double-masked, ran-
domized, controlled clinical trials have been performed to
evaluate the use of anti-VEGF therapy for myopic CNV
(Wolf et al. 2014; Ikuno et al. 2015): the RADIANCE study
(intravitreal injection of ranibizumab) and the MYRROR
study (intravitreal injection of aflibercept). The results of
these two large clinical trials were promising and demon-
strated significantly improved visual outcomes of patients
with myopic CNV.

However, it is not fully clarified whether anti-VEGF
treatments are effective for late complications occurring
around the scarred myopic CNV, CNV-related macular
atrophy. A recent study using swept-source OCT by
Ohno-Matsui et al. showed that CN'V-related macular atro-
phy was also an enlarged hole in BM around the CNV
(Ohno-Matsui et al. 2015a, b). To improve the long-term
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outcome of anti-VEGF therapies for myopic CNV, the pre-
vention of BM hole enlargement around the CNV is
necessary.

Myopic Traction Maculopathy
(MTM) (Fig. 5.5)

By using OCT, Takano and Kishi first demonstrated foveal
retinal detachment and retinoschisis in severely myopic eyes
with posterior staphyloma (Takano and Kishi 1999). Panozzo
and Mercanti proposed the term “myopic traction maculopa-
thy (MTM)” to encompass various findings with traction in
common by OCT in highly myopic eyes (Panozzo and
Mercanti 2004). OCT is an indispensable tool to diagnose
MTM, which allows in vivo examination of macular
morphology, such as schisis-like inner retinal fluid, schisis-

Fig. 5.5 Myopic traction maculopathy. OCT images show the inner
and outer retinoschisis

Fig.5.6 In a wide-field
fundus image, the edge of a
wide and deep staphyloma is
seen. In 3D MRI images from
the nasal side, an outpouching
of posterior segment of the
eye is clearly observed

like outer retina fluid, foveal detachment, lamellar or full-
thickness macular hole, and/or macular detachment.

Due to the possible mechanisms involved in the patho-
genesis of MTM, vitrectomy is the most common treat-
ment to release all retinal traction, which is caused by
cortical vitreous and epiretinal membranes. A foveolar
ILM (inner limiting membrane) sparing technique has
been used in an attempt to reduce the development of post-
vitrectomy macular hole, which was a severe complication
and resulted in poor visual recovery (Ho et al. 2012;
Shimada et al. 2012).

Posterior Staphyloma

A posterior staphyloma is an outpouching of a limited area of
the posterior segment of the eye (Spaide 2014), which is a rep-
resentative deformity of eyes with PM. Posterior staphyloma is
not a lesion of PM maculopathy but is a cause of complications
occurring in the macula and in the optic nerve. Earlier studies
showed that the presence of staphylomas was significantly cor-
related with worse vision, more frequent development of myo-
pic macular complications, and optic nerve damage. The sclera
protects the central nervous tissues, e.g., the neural retina and
the optic nerve, from mechanical insults. Thus, it is reasonable
that a deformity of the eye by a staphyloma may result in a
mechanical damage of the retina and optic nerve.

Based on ophthalmoscopic observation and fundus draw-
ings, Curtin first classified posterior staphylomas in eyes with
pathologic myopia into ten different types (Curtin 1977). Types
Ito V were considered primary staphylomas, and types VI to X
were combined staphylomas. Recently, new imaging modali-
ties that can obtain images of the entire globe, e.g., 3D MRI
(Moriyama et al. 2011, 2012; Ohno-Matsui 2014) or ultra-wide
fundus imaging (e.g., Optos) have become available. By using
a combination of 3D MRI and Optos, Ohno-Matsui (Fig. 5.6)
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examined the prevalence and types of posterior staphylomas
(Ohno-Matsui 2014). These advances in ocular imaging have
made the objective and quantitative evaluations of posterior
staphylomas possible.
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Angioid Streaks

Vikram S. Makhijani and Rachel M. Huckfeldt

Abbreviations

BM Bruch’s membrane

CNV Choroidal neovascularization
FA Fluorescein angiography

FAF Fundus autofluorescence
ICGA Indocyanine green angiography
NIR Near-infrared reflectance

OCT Optical coherence tomography
PDT Photodynamic therapy

PXE Pseudoxanthoma elasticum
RPE Retinal pigment epithelium

SD-OCT  Spectral-domain optical coherence tomography

Introduction

Angioid streaks, which appear as jagged lines extending
from the optic disc, were first described in 1889 by Doyne
and then given their current name by Knapp in 1892 due to
their vascular appearance (Clarkson and Altman 1982). They
were proposed to occur at the level of Bruch’s membrane in
1916 with histopathologic verification several decades later
(Clarkson and Altman 1982). Angioid streaks can occur in
isolation, but they are also associated with a range of disease
processes, most commonly including pseudoxanthoma elas-
ticum (PXE). Advances in retinal imaging have enabled a
more detailed view of these defects and facilitated the man-
agement of choroidal neovascularization, which is the most
commonly encountered complication.
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Pathogenesis

Histopathologic analysis of globe specimens with angioid
streaks demonstrated generalized calcification and thicken-
ing of the elastic layers of Bruch’s membrane with sharply
delineated defects in regions corresponding to the clinical
location of angioid streaks (Klien 1947; Verhoeff 1948;
Clarkson and Altman 1982; Gibson et al. 1983; Jampol et al.
1987). The breaks, which were attributed to calcification-
associated brittleness, were associated with attenuation and
hypopigmentation of the overlying retinal pigment epithe-
lium as well as with examples of fibrovascular ingrowth
through the defects (Klien 1947; Clarkson and Altman 1982).
Correlation was present between the color of angioid streaks
on earlier clinical exams and the degree of RPE pigmenta-
tion as well as the presence of fibrotic plaque-like growth
present in more advanced lesions (Klien 1947).

Disease Associations

Angioid streaks are associated with a variety of systemic
disorders, many of which affect mineralization or elastic fibers.
Estimates suggest that around 50% of angioid streaks have a
systemic association, and of these, PXE is most common
(Shields et al. 1975; Clarkson and Altman 1982). The most fre-
quently encountered associated conditions are described below,
but other associations include Ehlers-Danlos syndrome.

Pseudoxanthoma Elasticum (PXE)

PXE is a multisystem disease affecting approximately
between 1 in 25,000 and 100,000 individuals that is caused
by the autosomal recessive inheritance of mutations in the
ABCC6 gene (Ringpfeil et al. 2000; Bergen et al. 2000;
Boyd et al. 2000). Dysfunction of the resulting ATP-binding
transporter protein leads to ectopic mineralization of elastic
fibers, particularly in the skin, eyes, and vasculature, through
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mechanisms that are incompletely understood but likely
involve a lack of appropriate suppression (Germain 2017).
Systemic associations include characteristic skin papules on
the neck and flexural surfaces as well as small and medium
artery disease (Germain 2017). Ensuing cardiovascular
complications include peripheral artery disease with upper
and lower extremity claudication and less commonly aneu-
rysms, angina, ischemic stroke, and myocardial infarction
(Germain 2017).

Angioid streaks are the most common ophthalmic finding
in PXE, but other retinal manifestations of PXE are well-
described. Peau d’orange, which is not specific to PXE, is yel-
low and near-confluent mottling in the mid-periphery that is
thought to represent a transition zone in Bruch’s calcification
(Fig. 6.1) (Issa et al. 2010). Peau d’orange can be the earliest
ocular sign of PXE (Gliem et al. 2013b). Comet lesions are

Fig. 6.1 Early presentation
of angioid streaks. Fundus
photos (a, b) demonstrate
angioid streaks (arrows) in a
patient with PXE as well as
peau d’orange mottling.
These peripapillary streaks
are extramacular and visually
insignificant to the patient.
NIR (¢, d) emphasizes the
angioid streaks (arrows) and
peau d’orange to a greater
extent than FAF (e, f)

small nodular lesions with white tails of RPE atrophy present
within the mid-periphery that are proposed to be pathogno-
monic of PXE (Gass 2003). Pattern dystrophy-like macular
abnormalities as well as vitelliform lesions may also be pres-
ent, and both of these findings can be accompanied by CNV-
independent subretinal fluid that is non-responsive to
anti-VEGF therapies (Agarwal 2005; Zweifel et al. 2011;
Gliem et al. 2013b). Optic disc drusen may also be present.

Paget’s Disease

Paget’s disease is a disease of abnormal bone turnover that
results in progressive thickening and weakening of bones, in
particular the skull and axial skeleton (Ralston et al. 2008).
Axial involvement results in osteoarthritis, bone pain, and
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fractures, whereas skull involvement can result in hearing loss,
hydrocephalus, pain, and cranial nerve disorders. Angioid
streaks are a rare association in Paget’s disease but were sug-
gested to occur more frequently in patients with increased
skull involvement (Dabbs and Skjodt 1990; Clarkson 1991).

Sickle Cell Disease and Hemoglobinopathies

Angioid streaks are estimated to be present in at least 1-2% of
patients with sickle cell disease and possibly much higher num-
bers in cohorts of older individuals with homozygous sickle cell
anemia (Condon and Serjeant 1976; Nagpal et al. 1976). At a
mechanistic level, these breaks result from calcification of
Bruch’s membrane rather than from iron deposition (Jampol
et al. 1987). Angioid streaks can also be found in other hemo-
globinopathies such as p-thalassemia (Liaska et al. 2016).

Clinical Features
Clinical Exam

Streaks are visible as jagged, vessel-like radial extensions
from the peripapillary area that taper toward the periphery
and may be connected by circumferential streaks (Fig. 6.1)
(Deschweinitz 1896; Clarkson and Altman 1982). The
number of streaks in an eye is variable. Early in their nat-
ural history, angioid streaks are similar to the color of
underlying choroid but can later have obscured margins
due to fibrovascular growth through the Bruch’s membrane
defect, or acquire a whiter hue due to RPE depigmenta-
tion (Hagedoorn 1975; De Zaeytijd et al. 2010). The
appearance of streaks may be more subtle in areas of
associated chorioretinal atrophy (Fig. 6.2) (Gliem et al.
2013b).

Fig. 6.2 Progression of angioid streaks. Over a 4-year period, fundus photos (a: initial, b: follow-up) and FAF (c: initial, d: follow-up) show
progressive extension of an angioid streak and atrophic changes inferior to optic nerve
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Fig. 6.3 OCT findings
associated with angioid
streaks including Bruch’s
membrane undulations (a),
focal Bruch’s membrane
break with RPE thinning (b),
and a more extensive break in
Bruch’s (¢). Arrows indicate
the relevant finding in each
panel

Imaging

SD-OCT provides in vivo confirmation that angioid streaks
correspond to breaks in Bruch’s membrane (BM) (Charbel
Issa et al. 2009). Additional OCT findings include BM undu-
lations, larger dehiscences of BM, and hyperreflective BM
dots corresponding to clinically appreciated peau d’orange
mottling and proposed to represent calcification (Fig. 6.3)
(Charbel Issa et al. 2009; Spaide and Jonas 2015; Marchese
etal. 2017). Serial imaging OCT suggests that undulation can
lead to breaks and can also document the formation of CNV
(Marchese et al. 2017). In the setting of PXE, SD-OCT may
reveal subretinal fluid in the absence of CNV that is anti-
VEGEF resistant and may represent RPE dysfunction (Zweifel
et al. 2011; Gliem et al. 2013b). Finally, swept source OCT
has demonstrated decreased choroidal thickness in eyes with
angioid streak-associated CNV (Ellabban et al. 2012).

En face imaging modalities also offer valuable informa-
tion (Fig. 6.4). Near-infrared reflectance (NIR) is more effec-
tive than fundus autofluorescence (FAF) and fluorescein
angiography (FA) in demonstrating angioid streaks and is
also more sensitive than clinical exam (Charbel Issa et al.
2009; De Zaeytijd et al. 2010). Angioid streaks appear dark
relative to the surrounding fundus with NIR (Charbel Issa
et al. 2009). The capabilities of NIR suggest that the reflective
powers of the calcified BM are also consistent with the RPE
absorbance of the shorter wavelengths used for FAF and FA
(Charbel Issa et al. 2009). Angioid streaks appear hypoauto-
fluorescent with FAF with the width of signal abnormality
often corresponding to the degree of RPE hypopigmentation

e w—— -
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surrounding a streak (De Zaeytijd et al. 2010). Variable
degrees of hyperautofluorescence can outline the hypoauto-
fluorescent areas (Finger et al. 2009). FAF can also demon-
strate patterns of other fundus findings associated with the
underlying systemic disease such as comet tails or peau
d’orange in PXE (Finger et al. 2009).

Finally, angiography allows the visualization of angioid
streaks as well as associated CNV. Angioid streaks are most
commonly hyperfluorescent on FA although they cannot
always be visualized (Smith et al. 1964; Lafaut et al. 1998;
Charbel Issa et al. 2009). Indocyanine green angiography
(ICGA) outlines angioid streaks more effectively than FA,
and they are most frequently hyperfluorescent in the late
venous phases and beyond (Lafaut et al. 1998). FA in par-
ticular can enable the detection of angioid streak-associated
CNV (Smith et al. 1964; Patnaik and Malik 1971; Lafaut
et al. 1998). OCT angiography (OCT-A) will likely prove
helpful in these scenarios and has allowed the detection of
angioid streak-associated choroidal neovascularization that
was stable without exudation over many months (Andreanos
et al. 2017). ICGA may also be useful in identifying angioid
streak-associated polypoidal lesions.

Natural History

Consistent with the calcification-associated histopathologic
mechanism, angioid streaks are thought to be an acquired
abnormality with the earliest cases reported late in the first
decade of life (Mansour et al. 1993). Evolution of angioid
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Fig. 6.4 Multimodal imaging of angioid streaks. The fundus photo
(a) demonstrates angioid streaks (arrow) and associated atrophy. The
same angioid streak can be visualized with NIR (b), FA (c), and FAF
(d) imaging (arrow in each image). NIR (b) demonstrates hyperre-
flectivity in areas of atrophy with hyporeflective angioid streaks ema-

streaks is generally reported to be slow with any change sec-
ondary to ongoing mineral deposition in Bruch’s membrane
weakening its elasticity. Individuals with angioid streaks are
usually asymptomatic, unless the streaks have macular
involvement or develop choroidal neovascularization-related
complications. Choroidal neovascularization (CNV) is a
common complication of angioid streaks reported by one
study to occur in 73% of eyes from 44 patients who were
observed for an average of 3 years (Nakagawa et al. 2013).
All forms of CNV have been observed, including polypoidal

nating from the peripapillary area. FA (c¢) outlines the atrophic areas
but also shows faint hyperfluorescence of streaks. FAF (d) demon-
strates hypoautofluorescence in the areas of atrophy with subtle
hypoautofluorescence beyond these areas corresponding to the angi-
oid streaks

vasculopathy (PCV), but type 2 CNV is the most common
(Nakagawa et al. 2013). Findings of CNV can be obvious
(Figs. 6.5 and 6.6) or subtle (Fig. 6.7). Even with treatment,
vision loss can result from subretinal hemorrhage and fluid,
chorioretinal atrophy, and fibrovascular scarring (Fig. 6.8).
Given the relative fragility of Bruch’s membrane, mild
trauma has been reported to cause hemorrhage, widening of
the streaks, and choroidal rupture; non-traumatic hemorrhage
can also occur independent of CNV (Fig. 6.9) (Hagedoorn
1975; Mansour et al. 1993).
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Fig. 6.5 Angioid streaks with CNV. Fundus photos (a, b) show angi-
oid streaks extending far beyond the peripapillary atrophy as well as a
neovascular membrane and significant subretinal fluid and exudate.
The extensive neovascular membrane is clearly visualized with FA

(¢). OCT (d) shows CNV with intraretinal fluid and subretinal hyper-
reflective material. A treatment response is present in an OCT (e)
acquired after a series of 3 monthly intravitreal injections of an anti-
VEGF agent

Fig. 6.6 Angioid streaks with CNV and hemorrhage. The fundus photo (a) shows angioid streaks with macular hemorrhage due to CNV. FA (b,
¢) shows leakage consistent with CNV and blockage from associated hemorrhage. OCT (d) shows extensive subretinal fluid
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Fig. 6.7 Angioid streaks with subtle CNV. The fundus photo (a) dem-
onstrates faint angioid streaks (arrow) emanating from the peripapillary
area that are slightly obscured by areas of associated atrophy and pig-
mentary changes. FA (b) shows an area of leakage (arrow). OCT (c)
shows subretinal hyperreflective material (arrow) corresponding to the
leakage that resolved with subsequent anti-VEGF therapy

Fig. 6.8 Advanced angioid streaks complicated by CNV. This patient
has poor vision and decades of various treatments for CNV and recur-
rence, including laser photocoagulation. The fundus photo (a) shows
scarring, pigmentary migration, and atrophy that are also clearly delin-
eated on NIR (b). In both images, the angioid streaks are largely
obscured by atrophic changes. OCT (c¢) shows atrophy, subretinal
hyperreflective material, and a hyperreflective discontinuous Bruch’s
membrane (arrow)




62

V. S. Makhijani and R. M. Huckfeldt

Fig. 6.9 Angioid streaks with non-CNV-associated hemorrhage. The
fundus photo (a) shows angioid streaks with macular hemorrhage.
Neither a late phase FA image (b) nor OCT imaging (not shown) dem-
onstrated evidence of CNV

Management

Management of angioid streak-associated disease includes
any referrals as appropriate to assess or treat underlying sys-
temic diseases. In addition, patients should be advised to
take measures to avoid blunt trauma given the potential for
hemorrhage and choroidal rupture. Similarly, avoidance of
unnecessary scleral depression is advised by many.
Treatment of ocular complications of angioid streaks is
directed at CNV and associated complications.
Photodynamic therapy (PDT) and laser photocoagulation
may stabilize visual acuity but can be accompanied by an
increase in scotoma size with thermal laser, increased
lesion size in PDT, and ongoing recurrence (Lim et al.
1993; Pece et al. 1997; Arias et al. 2006; Gliem et al.
2013a). Intravitreal injection of anti-VEGF agents is cur-

rently the most widely used treatment for angioid streak-
associated CNV and prevention of vision-reducing
complications (Fig. 6.5), although laser and PDT may still
have a role for non-central CNV (Gliem et al. 2013a).
Multiple retrospective series of bevacizumab or ranibi-
zumab for juxtafoveal or subfoveal CNV have shown effi-
cacy in functional gain and reduction of retinal thickness
(Sawa et al. 2009; Myung et al. 2010; Finger et al. 2011;
Gliem et al. 2013a; Mimoun et al. 2017).

Acknowledgement: Selected images provided courtesy of Drs. Ivana
Kim, Joan Miller, and Lucy Young.
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Introduction

Presumed ocular histoplasmosis syndrome (POHS), also
known as ocular histoplasmosis syndrome, is a multifocal dis-
order of the choroid and retina that is thought to be caused by
Histoplasma capsulatum. H. capsulatum is a fungal pathogen
that is endemic to the Ohio and Mississippi River Valleys. The
classic clinical signs of POHS include atrophic chorioretinal
scars, peripapillary chorioretinal atrophy, and choroidal neo-
vascularization (CNV) in the absence of vitreous inflamma-
tion (Fig. 7.1). The characteristic findings of POHS may be
detected in completely asymptomatic individuals; however,
the development of CNV can result in a variety of symptoms,
including metamorphopsia, paracentral scotomas, and vision
loss. Numerous treatment modalities have been employed for
POHS, including laser photocoagulation, vitreoretinal sur-
gery, photodynamic therapy (PDT), corticosteroid therapy,
and anti-vascular endothelial growth factor (VEGF) therapy,
now the dominant treatment in current practice patterns.
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Etiopathogenesis

In 1906, the autopsy results of a fatal systemic infection were
described, and this infection was eventually determined
to have been caused by H. capsulatum (Darling 1906).
H. capsulatum is a dimorphic fungus that is typically found in
bird and bat droppings and contaminated soil. H. capsulatum
can be found throughout the world, but it is most commonly
found in and around the Ohio and Mississippi River Valleys
(Manos et al. 1956). It has been estimated that between 60 and
90% of the people living in and around the Ohio and Mississippi
River Valleys have been exposed to H. capsulatum. The clinical
signs of POHS are thought to become apparent from 10 to
30 years after the primary infection. Most of those diagnosed
with POHS in the United States have lived in an endemic area
(Smith and Ganley 1971). The prevalence of POHS has been
estimated to be as high as 5.3% in endemic areas (Oliver et al.
2005). The diagnosis of POHS is typically made around
36 years of age, with disciform macular scars typically occur-
ring between 30 and 39 years (Smith et al. 1972). The clinical
signs of POHS are equally common in men and women. The
prevalence of POHS seems to be similar between Caucasians
and African Americans; however, disciform scarring is more
common in Caucasians (Baskin et al. 1980).

Histoplasmosis typically begins as an asymptomatic pul-
monary infection acquired via the inhalation of airborne H.
capsulatum spores. H. capsulatum can subsequently dissemi-
nate through the bloodstream to extrapulmonary sites such as
the choroid. A self-limiting and largely asymptomatic multifo-
cal choroiditis can develop that is characterized by small yel-
low or gray choroidal lesions in the midperiphery. The
evolution of these choroidal lesions into the characteristic
atrophic chorioretinal scars of POHS has been described
(Watzke and Claussen 1981). Histopathology of these chorio-
retinal scars reveals a dense lymphocytic infiltrate at the level
of the choroid. These chorioretinal scars can reactivate follow-
ing repeat exposure to H. capsulatum antigens, such as in
Histoplasma skin testing (Woods and Wahlen 1959). The
DNA of H. capsulatum has been identified in the chorioretinal
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Fig.7.1 Atrophic chorioretinal scars, peripapillary chorioretinal atrophy, and choroidal neovascularization (arrows) in a patient with bilateral

POHS

Fig.7.2 Disciform macular scar as a result of untreated choroidal neovascularization secondary to POHS

scars of an enucleated eye with POHS (Spencer et al. 2003).
The chronic presence of latent H. capsulatum, H. capsulatum
antigens, or H. capsulatum-specific lymphocytes in these cho-
rioretinal scars may explain their potential to reactivate and
progress over time. Interestingly, certain human leukocyte
antigens, namely HLA-B7 and HLA-DRw?2, have been asso-
ciated with POHS, indicating a source of genetic susceptibility
(Meredith et al. 1980). The chorioretinal lesions in POHS dis-
rupt Bruch’s membrane and the retinal pigment epithelium,
thereby promoting the development of CNV. This CNV can
cause exudative and hemorrhagic retinal detachment with
resultant sight-limiting disciform maculopathy (Fig. 7.2).

Clinical and Imaging Findings

A series of landmark clinical studies introduced the classic
clinical findings of POHS. In 1942, Reid et al. evaluated a

fatal case of histoplasmosis and described “small, white,
irregular areas surrounded by hemorrhage—not unlike
tubercles” in the patient’s fundus (Reid et al. 1942). In
1959, Woods and Wahlen identified 19 patients who were
Histoplasma skin test positive and exhibited a spectrum of
ocular findings, including “discrete, focal spots of atrophic
chorioretinitis” and subretinal cysts that could involve sec-
ondary hemorrhage, chorioretinal degeneration, and pig-
mentary gliosis (Woods and Wahlen 1959). In 1966,
Schlaegel and Kenney described peripapillary atrophic and
pigmentary changes in patients who were Histoplasma skin
test positive and had the characteristic chorioretinal lesions
associated with POHS (Schlaegel and Kenney 1966). The
classic clinical findings of POHS are now considered to be:
(1) macular and midperipheral atrophic chorioretinal scars,
commonly referred to as “Histo spots,” (2) peripapillary
chorioretinal atrophy and pigmentary changes, and (3)
CNV in the absence of vitreous inflammation (Fig. 7.3).
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Histo spots are white or yellow atrophic chorioretinal
scars with sharp “punched out” borders and varying
degrees of pigmentation. Histo spots are typically found in
the macula and midperiphery, and they can range in num-
ber from 1 to over 100 (Smith and Utz 1972). Although
individual Histo spots typically remain stable over time,
their size and shape has been noted to change in some
cases. Furthermore, new Histo spots have been found to
develop in up to 26% of eyes over long-term follow-up
(Schlaegel 1975). In approximately 5% of patients, a linear

Fig. 7.3 Atrophic chorioretinal scars, peripapillary chorioretinal atro-
phy, and disciform macular scar in a patient with POHS

or curvilinear pattern of confluent atrophic chorioretinal
scars can be found in the periphery, known as “linear
streaks” (Fountain and Schlaegel 1981) (Fig. 7.4). Histo
spots typically demonstrate hyperfluorescent window
defects on fluorescein angiography. Peripapillary chorio-
retinal atrophy and pigmentary changes are found in a
majority of patients with POHS.

CNV has been found to develop in up to 4.5% of patients
with POHS (Schlaegel 1975). CNV in POHS elicits the same
symptoms as CNV in other conditions, including metamor-
phopsia, paracentral scotomas, and vision loss. Peripheral
CNV lesions can be large and mimic choroidal melanoma.
When CNV is suspected, fluorescein angiography can be
used to confirm its presence and evaluate its size and loca-
tion. Fluorescein angiography may demonstrate leakage
with increasing intensity and expanding borders or pooling
with increasing intensity and stable borders (Fig. 7.5).
Indocyanine green angiography can also be used to demon-
strate hyperfluorescence as a result of a disorganized chorio-
capillaris (Diaz et al. 2015). Newer imaging modalities such
as optical coherence tomography-angiography can also be
used to demonstrate subretinal CNV (Fig. 7.6). Another clin-
ical finding in POHS is the absence of intraocular inflamma-
tion. Presumably, there is no inflammation because patients
are seen after the initial choroiditis has resolved. This lack of
inflammation is important for differentiating POHS from
other conditions such as toxoplasmic chorioretinitis and
multifocal choroiditis.

Fig.7.4 Peripheral curvilinear confluent chorioretinal scars (arrows) known as “linear streaks” in a patient with POHS
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Fig.7.5 Fluorescein angiography demonstrating choroidal neovascularization with progressive leakage in a patient with POHS

Fig.7.6 A 32-year-old female with a chronic untreated choroidal neo-  hyperfluorescence of the lesion. (¢) OCT revealing subretinal fibrosis.
vascularization due to POHS. (a) Color fundus photograph showing a  (d) OCT-angiography demonstrating choroidal neovascularization at
macular disciform scar. (b) Fluorescein angiography demonstrates the level of the choriocapillaris
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Management
Observation

The chorioretinal scars and peripapillary pigmentary changes
in POHS are generally asymptomatic and may be diagnosed
on routine ocular examination. The treatment of active cho-
rioretinal lesions in POHS has been attempted using numer-
ous interventions, including amphotericin B and systemic
corticosteroids, with limited benefit (Giles and Falls 1961;
Schlaegel 1983). Most of the active chorioretinal lesions in
POHS will eventually give rise to chorioretinal scars. Visual
impairment in POHS typically occurs secondary to CNV,
and no treatment has been shown to prevent the development
of CNV (Feman et al. 1982). Patient education, Amsler grid
monitoring, and close observation are typically employed
until CNV develops.

Laser Photocoagulation

Laser photocoagulation can be used to selectively destroy
CNV. The Macular Photocoagulation Study Group per-
formed a series of clinical trials that investigated laser photo-
coagulation for the treatment of CNV in POHS. In cases of
extrafoveal CNV, untreated eyes were found to have a 3.6-
fold higher risk of losing six or more lines of visual acuity as
compared to laser-treated eyes at 5 years of follow-up
(Macular Photocoagulation Study Group 1991). Recurrences
were frequent, with 26% of the laser-treated eyes demon-
strating persistent or recurrent CNV at 5 years of follow-up.
In cases of juxtafoveal CNV, untreated eyes were found to
have a 2.6-fold higher risk of losing six or more lines of
visual acuity as compared to laser-treated eyes at 5 years of
follow-up (Macular Photocoagulation Study Group 1994). In
cases of peripapillary CNV, subgroup analysis revealed that
26% of untreated eyes and 14% of laser-treated eyes lost six
or more lines of visual acuity at 3 years of follow-up, indicat-
ing that a peripapillary location was not a contraindication to
laser photocoagulation (Macular Photocoagulation Study
Group 1995). Regarding subfoveal CNV, long-term follow-
up revealed that 47% of untreated eyes and 22% of laser-
treated eyes lost six or more lines of visual acuity after
4 years (Macular Photocoagulation Study Group 1993).
Today, laser photocoagulation has largely been supplanted
by other treatment modalities, but it can still be an effective
adjunctive treatment for extrafoveal CNV.

Vitreoretinal Surgery

In 1988, the surgical removal of submacular hemorrhage and
scarring for CNV in age-related macular degeneration was

first described (de Juan and Machemer 1988). The Submacular
Surgery Trial (SST) was a randomized multicenter prospective
clinical trial designed to determine if submacular CNV
excision was superior to observation for the treatment of idio-
pathic and POHS-associated CNV (Flynn and Scott 2004;
Sadda et al. 2004; Thuruthumaly et al. 2014). Success was
defined as either visual acuity improvement or no more than
one line of visual acuity loss at 24 months of follow-up (Flynn
and Scott 2004). At 24 months of follow-up, 46% of the obser-
vation cohort met this definition of success as compared to
55% of the surgery-treated cohort (Flynn and Scott 2004).
Unfortunately, 45% of the surgery-treated patients lost greater
than seven letters of visual acuity at 24 months of follow-up
(Nielsen et al. 2012). The SST determined that only those
patients with baseline visual acuity of 20/100 or worse stood
to gain a modest benefit from submacular CNV excision
(Almony et al. 2008; Schadlu et al. 2008; Walia et al. 2016).
Other studies have demonstrated that the recurrence rate of
subfoveal CNV approaches 50%, with over 80% of these
patients presenting with a re-bleed within 6 months of surgery
(Melberg et al. 1996). With the advent of superior treatments
such as anti-VEGF therapy, surgical excision of CNV is now
largely obsolete (Flynn and Scott 2004; Diaz et al. 2015).

Photodynamic Therapy

In PDT with verteporfin, verteporfin is delivered to the CNV
through the vasculature and activated by a specific wave-
length of light, resulting in the production of cytotoxic sin-
glet oxygen that causes blood vessel thrombosis. The utility
of PDT in the treatment of CNV in POHS has primarily been
demonstrated in retrospective case series. In 2000, a prelimi-
nary study involving a single patient with CNV secondary to
POHS demonstrated that PDT was well tolerated and yielded
a reduction in the area of CNV leakage (Sickenberg et al.
2000). Subsequently, multiple retrospective case series have
revealed that PDT stabilized or improved visual acuity in a
majority of patients with CNV in POHS (Busquets et al.
2003; Liu et al. 2004; Shah et al. 2005). A relatively small
prospective uncontrolled open-label clinical trial demon-
strated that PDT improved average visual acuity by six let-
ters and decreased CNV leakage at 2 years of follow-up
(Rosenfeld et al. 2004). A retrospective comparative case
series found that combination therapy using both PDT and
intravitreal bevacizumab was equivalent to intravitreal beva-
cizumab alone with regards to visual acuity at 3 years of
follow-up (Cionni et al. 2012). A large retrospective study
reported that combination therapy utilizing bevacizumab and
PDT not only decreased the total number of injections
required to stabilize or improve visual acuity, but also
increased the time to recurrence interval (Cionni et al. 2012;
Diaz et al. 2015).
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Corticosteroid Therapy

Corticosteroids inhibit CNV by suppressing inflammatory
cell recruitment, proinflammatory cytokine expression, and
vascular endothelial cell growth (Martidis et al. 1999; Ciulla
et al. 2001; Holekamp et al. 2005; Dorrell et al. 2007). Oral
administration, sub-Tenon’s injection, and intravitreal injec-
tion of corticosteroids have all been used to stabilize subfo-
veal CNV in POHS (Ciulla et al. 2001; Rechtman et al. 2003;
Ramaiya et al. 2013; Walia et al. 2016). Favorable visual
outcomes have also been observed in juxtafoveal CNV
treated with intravitreal triamcinolone at 17 months or more
of follow-up (Rechtman et al. 2003; Prasad and Van Gelder
2005). In one study, 70% of patients required only a single
intravitreal triamcinolone injection to obtain vision stabiliza-
tion as compared to 10% and 20% requiring two or more
injections, respectively (Prasad and Van Gelder 2005).
Fluocinolone acetonide implants used for CNV in POHS
have been found to induce visual acuity stabilization or mod-
est improvement for up to 33 months after implantation
(Diaz et al. 2015). The most common side effects of steroid
use for the treatment of CNV are elevated intraocular pres-
sure and cataract formation, both of which can require surgi-
cal intervention (Prasad and Van Gelder 2005; Ramaiya et al.
2013; Diaz et al. 2015).

Anti-vascular Endothelial Growth Factor

The promising outcomes obtained for patients with CNV in
exudative age-related macular degeneration paved the way
for patients with CN'V in POHS to be treated with anti-VEGF
agents, including bevacizumab, ranibizumab, and afliber-
cept. A retrospective case series investigating intravitreal
bevacizumab for the treatment of CNV in POHS found that
24 of 28 eyes experienced an improvement or stabilization in
visual acuity with an average of 1.8 treatments over an aver-
age of 22.4 weeks (Schadlu et al. 2008). Another retrospec-
tive case series compared intravitreal bevacizumab
monotherapy with combination intravitreal bevacizumab and
PDT for the treatment of subfoveal or juxtafoveal CNV in
POHS (Cionni et al. 2012). Of the 116 eyes that received
intravitreal bevacizumab monotherapy at an average of 4.24
treatments per year, visual acuity improved from an average
of 20/83 to 20/54 at 24 months of follow-up. There was no
significant difference in visual acuity outcomes between
intravitreal bevacizumab monotherapy and combination
intravitreal bevacizumab and PDT. A relatively small
retrospective case series utilized intravitreal bevacizumab
and ranibizumab for the treatment of CNV in POHS and
found that both treatments improved visual acuity with an
average of 2.6 injections over about 28 months of follow-up
(Hu et al. 2014). Interestingly, a comparison of intravitreal

ranibizumab and PDT revealed similar changes in visual
acuity with 19.6 letters gained in the ranibizumab group and
21 letters gained in the PDT group at 1 year of follow-up;
however, all of the PDT-treated patients required rescue
intravitreal ranibizumab treatment to obtain this result
(Ramaiya et al. 2013). A randomized open-label clinical trial
investigating intravitreal aflibercept for the treatment of
CNV in POHS with a total of 39 patients demonstrated that
treatment as needed was equivalent to a mandatory dosing
schedule (Toussaint et al. 2018). Treatment as needed
resulted in an average gain of 19 letters and a significant
decrease in central subfield thickness at 12 months of follow-
up. Early treatment initiation with anti-VEGF agents has
been found to confer the best long-term visual acuity out-
comes, underscoring the importance of early diagnosis and
treatment (Schadlu et al. 2008). Unlike the persistent CNV
seen in exudative age-related macular degeneration, the
CNV in POHS demonstrates long intervals of quiescence
with sudden recurrences and rapid response to intravitreal
anti-VEGF treatment (Cionni et al. 2012). For this reason,
there is no established treatment regimen for CNV in POHS
and close follow-up is advised (Nielsen et al. 2012).
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Abbreviations

CNTF Ciliary neurotrophic factor

MacTel 2 Macular telangiectasia Type 2

MCT Mono-carboxylate transporters

OCT Optical coherence tomography

OCTA Optical coherence tomography angiography
PEDF Pigment epithelium-derived factor

RPE Retinal pigment epithelial

sFIt-1 Soluble fms-like tyrosine kinase-1

TGF Transforming growth factor

TSP-1 Thrombospondin- 1

VRAS Volume rendered angiographic and structural
Introduction

Macular telangiectasia Type 2 (MacTel 2) is a simplified ter-
minology (Yannuzzi et al. 2006) referring to idiopathic juxta-
foveolar telangiectasia Type 2 as originally described by Gass
in the 1977 edition of his atlas and subsequently in a publica-
tion with Oyakawa (Gass 1977; Gass and Oyakawa 1982).
Patients with this condition can have graying and decreased
transparency of the parafoveolar retina, crystalline deposits in
the inner retina, a migration of hyperplastic retinal pigment
epithelium, a lack of macular pigment, and progressive abnor-
malities of the juxtafoveolar retinal vessels (Charbel Issa
et al. 2008, 2009, 2013; Helb et al. 2008; Wu et al. 2013; Gass
1997; Gass and Blodi 1993). Additional retinal vascular
abnormalities include right angle veins, proliferation of ves-
sels in the outer retina and subretinal space, and in some
patients, obliteration of the foveal avascular zone (Park et al.
1997; Koizumi et al. 2007a). Fluorescein angiography shows
ectatic vessels with hyperfluorescence in the involved regions.
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Gass proposed there was early fluorescein staining of thick-
ened capillary walls that accounted for the appearance of tel-
angiectatic vessels (Gass 1997). Judgments about the vascular
changes in MacTel 2 have been based on fluorescein angiog-
raphy, a modality shown to have poor ability to visualize two
of the three main vascular layers in the retina (Spaide et al.
2015Db). In particular, the deep capillary plexus is not imaged
well by fluorescein angiography.

Imaging Findings

The features of MacTel 2 were first described with a combi-
nation of color fundus photography and fluorescein angiog-
raphy. The eyes show a characteristic loss of transparency
and graying, usually starting in the temporal juxtafoveal
macula (Figs. 8.1, 8.2, and 8.3). There can be angular gnarly
capillaries, creating the appearance of telangiectasis, but the
hallmark of telangiectasia, the microaneurysm, is not com-
monly found. Although the graying and telangiectasia may
start in the temporal macula, there is a widespread loss of
macular pigment early in the disease. Curiously, the macular
graying becomes less prominent upon exposure to light
(Jindal et al. 2015). Characteristic findings of MacTel 2 seen
in optical coherence tomography (OCT), developed after
Gass’s original classification, showed some confirmatory
and many new findings. Macular thinning and cavitation in
the inner retina, outer retina, or both, are common findings.
A minority progress to developing full-thickness macular
holes with little or no observable vitreous traction, suggest-
ing a failure of the intrinsic macular tissue (Cohen et al.
2007; Olson and Mandava 2006; Koizumi et al. 2007a, b).
Gass proposed the telangiectatic vessels had altered structure
of the capillary walls that impeded metabolic exchange
(Gass 1997). The resultant low-grade chronic nutritional
damage was posited to cause degeneration and atrophy of
not only the Miiller cells, but also of the associated photore-
ceptor cells (Charbel Issa et al. 2013). Eyes with MacTel 2
were proposed to have decreased macular pigment (Spaide
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Fig. 8.1 Macular telangiectasis Type 2 with early involvement. (a)
There is minimal opacification of the temporal juxtafoveal macula.
Note how the vessels in the inferotemporal macula arch toward the
fovea. (b) Fluorescein angiogram showing angular microvessels with

o Pigment

Right-angle

o~ Vein

Fig.8.2 MacTel 2. (a) This patient has more advanced disease than the
eye in Fig. 8.1. There are multiple collections of pigment and a right-
angle vein visible. (b) There is widespread leakage and staining of the
central macula. At one time there was controversy about the nature of

Fig.8.3 Change in macular
opacity with light exposure.
(a) Note the perifoveal
opacification in the first
fundus photograph. (b)
Immediately after the first
photograph the patient had
this photograph. There is less
macular opacification. With
patching the opacification
would return

leakage in the temporal juxtafoveal macula. (¢) Even though there is
mild disease, the macula lacks macular pigment as shown by the two
wavelength autofluorescence image (top) and the radial profile shows a
nearly flat profile (bottom)

Ellipsoid Zone Defect

the leakage in this condition, but dye accumulation in the avascular
fovea demonstrates dye accumulation in the substance of the retina. (c)
The patient has cavitations with intact overlying internal limiting mem-
brane and a large defect in the ellipsoid zone
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1999), which was shown when imaged by blue reflectance
and two wavelength autofluorescence (Charbel Issa et al.
2008; Helb et al. 2008; Wong et al. 2009).

Optical coherence tomography angiography (OCTA) has
the potential to image all vascular layers of the retina, as
compared with the more limited ability of fluorescein angi-
ography. OCTA provides depth-resolved images of retinal
vascular flow. Initial OCTA descriptions by Thorell et al.
and Spaide and colleagues of MacTel 2 highlighted the inva-
sion of vessels into deeper layers of the retina (Thorell et al.
2014; Spaide et al. 2015a, b). Coexistent abnormalities of
both the deep and inner plexus of the retinal vasculature
were evident in more advanced cases. In both studies, the
OCT data was segmented into layers using an “en-face”
strategy in which anatomic layers of the retina were used to
create slabs of tissue data, and flow information from those
layers was derived from changes in reflectance amplitude.
The problem with OCTA en face imaging is that it relies on
segmentation. Since there is loss of the macular tissue and
disruption of laminations, segmentations performed by
OCTA instruments are frequently incorrect. This produces
images of vessels where potentially more than one layer is
merged; additionally, images may show lack of vessels in
regions where the segmentation deviates outside of regions
that do not ordinarily contain vessels. Finally, en face imag-
ing does not show structural changes occurring in tissue.

Volume rendering allows the use of all layers of the imag-
ing data and does not strictly depend on segmentation (Spaide
et al. 2015a, b). Often an element of segmentation is intro-
duced by adding color to highlight different vascular layers in
the retina. Volume rendered angiographic and structural
(VRAS) OCT is a newer approach that integrates the struc-
tural abnormalities from the reflectance OCT with flow infor-
mation derived from OCT angiography (Spaide 2015; Spaide
et al. 2017; Balaratnasingam et al. 2015). Since the angio-
graphic data is derived from the structural OCT, the scaling,
dimensions, and depth interrelationships are maintained. This
allows visualization of the associations among vascular abnor-
malities and structural changes and provides an opportunity to
study pathological changes occurring in MacTel 2. VRAS-
OCT can be combined with more conventional imaging meth-
ods as an extension of the multimodal imaging approach.

MacTel 2 is a difficult disease to understand when evalu-
ating data obtained only from fluorescein angiography and
OCT. The additional information supplied by OCTA, espe-
cially using volume rendering techniques, has made the dis-
ease easier to mentally visualize and understand, despite
newer findings being seen. The main findings are contraction
of parafoveolar tissue, formation of cavitations and micro-
cavitations, tissue loss, vascular invasion, and fluorescein
leakage, and potential for sub-retinal pigment epithelial
(RPE) vascular invasion (Figs. 8.4 and 8.5) (Balaratnasingam
et al. 2015). These will be discussed in turn.

Fig. 8.4 Structural optical coherence tomography scan, 10-microns
thick, of right eye of the same patient shown in Fig. 8.2. There is entry
of right angle veins at the superior and inferior margin of a hyperreflec-
tive zone (open arrow). This zone is ringed temporally and inferiorly by
a series of microcavitations (yellow arrowheads). In the fovea are larger
cystoid spaces (white arrowheads) and some smaller microcavitations

Tissue Contraction

Although tissue contraction may be a secondary phenome-
non in the disease, it produces many of the more salient fea-
tures of the disease (Spaide et al. 2017, 2018). In eyes with
MacTel 2, right angle veins are part of a larger complex that
includes a centripetal tissue contraction that appears to dis-
tort the surrounding vessels, particularly in the temporal
macula. In some eyes, the foveal avascular zone was dimin-
ished in size, and was nearly obliterated. The angular distor-
tions of the vessels contribute to the telangiectatic appearance
of the vessels. Careful examination of the vessels in the
region of a right angle vein shows capillaries bent to form
shapes resembling the caret symbol (*) or the apex of a tri-
angle. The apices of these angular figures pointed to a com-
mon epicenter, which was not occupied by a vessel. It is
possible that this angular character may enhance the appear-
ance of telangiectasis. The contraction occurred in the lateral
direction, which may explain the diminution of the foveal
avascular zone as has been noted earlier. When fundus pho-
tographs taken over many years are evaluated the vascular
dragging is readily evident (Figs. 8.6 and 8.7) (Spaide et al.
2018).

The structural OCTs show increased reflectivity of the reti-
nal parenchyma in regions surrounding the origin of right angle
veins. Since only part of the increased reflectivity is occupied
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Fig. 8.5 Same eye as shown in Fig. 8.2c. Top, en-face and bottom
B-scan with flow overlay in red shows subretinal proliferation of
vessels extending through the outer nuclear layer

by vessels, the implication is the increased reflectivity is caused
by alterations in the tissue in which the vessels are embedded
(Spaide et al. 2018). Increased reflectivity conceivably can be
caused by changes in the architecture of the tissue whereby the
ordinarily relatively transparent character of the retinal tissue
would have greater scattering properties because of tissue dis-
organization. It is also possible that normal retinal tissue com-
ponents could respond in ways that lead to both increased
backscatter and tissue contracture. According to the current
understanding of the disease process, Miiller cell dysfunction
or loss is one of the early steps leading to MacTel 2 (Gass 1997;
Powner et al. 2010, 2013). In response to a number of stimuli
and as an integral part of important ocular diseases, Miiller
cells can show hypertrophy, proliferation, migration, cytokine
production (Brooks et al. 1998; Jingjing et al. 1999), and
expression of intermediate filaments and alpha smooth muscle
actin (Lewis et al. 1989; Guidry 1997; Guidry et al. 2003).
They modulate the inner blood-retina barrier formed by the
junctions of retinal vascular endothelial cells (Reichenbach and
Bringmann 2010) and are implicated, along with vascular cells,
in important disease processes such as proliferative diabetic

Fig. 8.6 Vector fields illustrating the tissue distortion that occurred with
follow-up. (a) This is the vector field for the first 6 years of follow-up.
The directions of the arrows point to the temporal juxtafoveal macula. (b)
This is the vector field of the tissue warping from the sixth to the seventh
year of follow-up. Note the arrows generally point toward the area of reti-
nal pigmentation. (¢) The vector field for the entire 7 years of follow-up.
The white bar on the lower right of each picture represents 250 pm
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retinopathy and proliferative vitreoretinopathy, which can have
a vascular component (Bai et al. 2009).

Cavitations and Microcavitations

Cavitations are optically empty spaces within the tissue of the
macula related to MacTel 2 (Paunescu et al. 2006). Cavitations
are typically found in the temporal fovea adjacent to regions
of tissue contraction. The cavitations are likely formed by
loss of cellular elements such as Miiller cells and photorecep-
tors. Loss of both of these elements has been documented in
histologic evaluation of MacTel 2. The internal limiting mem-
brane initially appears to be intact and may be seen to drape
across defects within the fovea. The residual tissue in the
parenchyma of the retina is remaining Miiller cells and pho-
toreceptors, which may be in various stages of degeneration.
A curious finding was the alteration of cavitations from one
examination to the next (Spaide et al. 2017). The long-term
changes in MacTel 2 appear to be degeneration and atrophy
of the macula, but the pronounced changes in structure with
appearance and disappearance of cavities and voids imply a
more dynamic process. Although there may be degenerative
decline, it is possible there are simultaneous reorganization of
cell location and reparative processes at work. This may help
explain how outer retinal defects can form and heal. Given
there appear to be neighboring contractile forces associated
with a right angle vein complex, the macular tissue may be
under tensile stress. In a study of fracture in material science
(Rogers 1960), plastic deformation of ductile materials under
stress leads to void formation and under continuing stress the
voids can coalesce. Although the cavitations in the macula
can eventually contribute to structural failure, an extreme

example of which is macular hole formation, which occurs in
MacTel 2 (Koizumi et al. 2007a, b), the process seems more
complex than failure in ductile materials (Rogers 1960)
because the cavities can resolve from one examination to the
next. This would imply a healing process that may occur in
parallel with tissue deformation and cavitation in this disease.
This reorganization of retinal layers may help explain, in part,
the abnormal laminations seen in the macula in MacTel 2.

The reactive changes in response to tissue injury caused by
the disease may contribute to the altered architecture of the
macula; the laminations ordinarily visible in the macula
become more indistinct and regions of altered reflectivity
appear along with structural changes such as loss of the ellip-
soid layer. Of course loss of Miiller cells and photoreceptors
occur and contribute to the loss of laminations ordinarily seen
in the retina. The alteration in expected architecture may belie
the cellular composition. Some patients with MacTel 2 have
loss of the normal architecture, but retain relatively good
visual acuity. This implies there are still functional photore-
ceptors present.

Outside of the fovea, patients with MacTel may develop
many small optically empty spaces, which have been named
microcavitations (Figs. 8.4, 8.8, and 8.9). These were found
within the ovoid area commonly affected by MacTel, even in
regions without apparent vascular involvement, and are typi-
cally 50-100 pm in diameter. Green and coworkers found
thickening and edema was present in the temporal macular
region of their case, with a few “microcavities” present in the
retinal tissue (Green et al. 1980). It is possible the microcavi-
tations seen in the present series are similar to those seen by
Green et al., except the distribution is different. The micro-
cavitations seen in the present series occupied the “MacTel
zone,” even in areas with no apparent thickening or edema,

Fig. 8.7 Comparison of vascular morphology over a 7-year follow-up
in MacTel 2. This is the same patient illustrated in Fig. 8.1. (a) Image at
baseline; the inset shows the region from which this magnified was
obtained. (b) The matched image 7 years later. Note the vascular trac-
tion with straightening of vessels. Some of the vessels were pulled into

the foveal avascular zone (open arrowhead). In (a) branching points of
a retinal venule are highlighted with arrowheads. In (b) the same
branching points are highlighted with arrowheads; note the displace-
ment that has occurred over the intervening time
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Fig. 8.8 (a) MacTel 2 in a 58-year-old with right angle veins, the most
prominent of which are shown by the white arrowheads. The vessels on
the temporal side of the foveal avascular zone are red, which signifies
they are at the level of the deep plexus. In this temporal juxtafoveal
region there are no vessels at the level of the inner plexus. Since they are
vessels that would ordinarily be at the level of the inner plexus, the
implication is that they are being displaced posteriorly. There are
cavitations in the fovea. (b) The foveal avascular zone is smaller and

Fig. 8.9 Volume rendered
angiographic and structural
optical coherence tomography
in a 44-year-old with MacTel
2. (a) There is a large
cavitation in the foveal region.
(b) When viewed from the
choroidal side, the abnormal
vessels deep to the deep
vascular plexus are shown in
yellow. There are numerous
microcavitations (arrows). (c)
The macular cavitations were
shown without the
accompanying retinal vessels.
(d) Optical coherence
tomography B-scans showing
microcavitations in the
ganglion cell layer (white
arrowheads, top), in the inner
nuclear layer (yellow
arrowheads, middle) and in
Henle’s fiber layer (green
arrowhead, bottom)

displaced toward the central focus of the vascular lesion in the temporal
macula. Note the vessels of the perifoveal ring are drawn toward the
center of the vascular aggregate and form angular figures and their api-
ces (one of which is shown by the open arrow) point toward the center
of the vascular aggregate. (¢) Viewed from the choroidal side, the ves-
sels deeper than the deep plexus are shown in yellow. There are several
microcavitations, as shown by the green arrows
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whereas those seen in Green et al. were in the temporal mac-
ula. The microcavitations in the present series were typically
found in the ganglion cell, inner nuclear, and Henle’s fiber
layers. The specific reason for this observation is not known,
although Miiller cells span all three of these layers.

Fluorescein Leakage

There is loss and remodeling of foveal tissue in MacTel 2.
If the vessels in the deep plexus descend toward the RPE
deeper than the deep plexus, they appear to leak fluorescein
(Spaide et al. 2015a, b, 2017). A second mechanism by
which vessels show leakage is if the vessels proliferate
deeper than the deep vascular plexus into the outer nuclear
layer. Both of these appear to occur in later phases of the
disease where there has been loss of tissue and remodeling
of the remaining tissue. Miiller cells appear to be important
in the control of retinal vasculature in embryology through
adulthood by producing pro- and anti-angiogenic sub-
stances (Eichler et al. 2004). The anti-angiogenic sub-
stances Miiller cells produce include transforming growth
factor (TGF)-beta2, pigment epithelium-derived factor
(PEDF), and thrombospondin-1 (TSP-1) (Eichler et al.
2004; Yafai et al. 2014). Miiller cells produce endogenous
vascular endothelial growth factor, as does the retinal pig-
ment epithelium. Photoreceptors produce a soluble recep-
tor, soluble fms-like tyrosine kinase-1, more commonly
known as sFlt-1 (Luo et al. 2013). This binds to free VEGF
in the outer retina and helps maintain the outer retina as an
avascular zone. Loss of photoreceptors in MacTel 2
(Powner et al. 2013) could lead to decreased levels of
sFlt-1 in the outer retina, with subsequent vascular abnor-
malities induced by unbridled VEGF. The possible cyto-
kines and other substances in the retina that influence vessel
proliferation and maintenance are present in complicated
and changing gradients and relative proportions as cell
depletion and possible rearrangement occur, and the inter-
action of these factors are likely to contribute to the abnor-
mal vascularization seen in MacTel 2.

Potential for Choroidal Neovascularization

In some eyes, the vessels appear to penetrate deeper than
the RPE, and grow in the outer retina and sub-RPE space
(Figs. 8.10 and 8.11). These vessels have a different charac-
ter than the vessels in the subretinal space (Fig. 8.12)
(Balaratnasingam et al. 2015). Many times the patients
have signs of increasing exudation and some have had pig-
ment epithelial detachments. Thus, end-stage MacTel 2
appears to have signs resembling later phases of Type 3
neovascularization.

VRAS-OCT provided images that showed three-
dimensional relationships among vessels and cystoid spaces
within the substance of the retina. The possible forces caus-
ing contracture of tissue in the temporal macula and appre-
ciation of both cavitations and microcavitations were made
possible by this extension of conventional OCT angiographic
imaging. This allowed generation of a theoretical model that
could explain many manifestations of the disease.

Pathology

There are very few reported cases of MacTel 2 and so our
knowledge of the disease is incomplete. The early reports
by Green and Gass highlighted the vascular abnormalities
of the disease. In 1980, Green et al. reported an eye exen-
terated because of a squamous carcinoma. The retina was
reported to show no telangiectasis, but the capillaries were
reported to have thickened basement membrane. Perhaps
because of a shift in disease concepts, at least by some, the
focus of more ideas shifted to MacTel 2 being a neurode-
generative disease, with the vascular changes being sec-
ondary, recent papers have concentrated on Miiller cells
and photoreceptors. There is a depletion of Miiller cells in
MacTel 2 as well as photoreceptors. No mention was made
concerning corresponding vascular changes in the later
publications.

Pathogenesis

The pathogenesis of MacTel 2 is not known at present, but
clues from epidemiologic and genetic association studies
have led to interesting suggestions. Patients with MacTel 2
were found to have an increased prevalence of diabetes mel-
litus, obesity, hypertension, and history of cardiovascular
disease as compared with age and sex-matched controls from
the general population (Clemons et al. 2013). There is a
slight female preponderance.

A genome-wide analysis identified common variants
that were associated with MacTel 2 (Scerri et al. 2017).
One locus is known to associate with retinal vascular
diameter. The other two were associated with the glycine/
serine metabolic pathway. Testing of patients showed they
had decreased serum levels of glycine and serine than
controls.

Retina Metabolism as a Possible
Pathophysiologic Pathway

The metabolism of the retina and RPE is both complex and
interesting. The retina consumes glucose and uses nearly all
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Fig.8.10 This 64-year-old male with MacTel 2 had a visual acuity of
20/30 in each eye. There are prominent right-angle veins in each eye.
(a) The exit point of the right-angle vein from the substance of the ret-
ina in the right eye is at the nexus of a network of vessels, which appear
to be drawn into a central focus. Retinal arterioles, venules, and small
order vessels appear to be involved. The foveal avascular zone is dis-
torted and appears to be pulled toward the temporal macula. There is a
group of neighboring (and in the image, overlapping) foveal cavitations
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(cyan) that are on the temporal side of the foveal avascular zone. (b)
Viewed from the choroidal side, the deeper penetrating vessels appear
as yellow. This region corresponded to the area of late fluorescein stain-
ing. (¢) More prominent traction on the vessels are evident in the left
eye with pulling of the perifoveal vessels into an apex of a triangle
(open arrow). (d) Viewed from the choroidal side the vessels deep to the
deep vascular plexus are shown in yellow. The cystoid space in the left
eye (cyan) has a complex outer boundary



8 Macular Telangiectasis Type 2

Fig.8.11 The right eye of a 54-year-old with MacTel 2. Seven months
after being imaged and found to have no subretinal neovascularization
(a), the patient returned with complaints of altered vision. (b) Top

the oxygen delivered from the choriocapillaris in the ellip-
soid layer of the inner segments of the photoreceptors. This
produces metabolic water and carbon dioxide, transport of
both out of the outer retina is helped by the water pumping
ability and carbonic anhydrase of the RPE. Most of the glu-
cose used by the outer segments is metabolized in the glyco-
lytic pathway to produce energy and lactic acid. The
photoreceptors produce copious amounts of lactate and this
is transported by the RPE cells with mono-carboxylate trans-
porters (MCT). While the removal of lactic acid helps man-
age the pH of the outer retina, it appears to have another
important effect. When RPE cells are exposed to lactate, they
decrease their usage of glucose, thus seemingly preserving it
for photoreceptor usage (Kanow et al. 2017). The transport
of glucose by the RPE may be increased by lactate as well.
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shows the en-face view, which shows a vascular net. Bottom, the B-scan
with flow overlay in red shows proliferation of vessels deep with
prominent flow in the outer retina (open arrow)

Thus, the retina and RPE make up a metabolic ecosystem. It
is possible that with disease the proportion of glucose used
by RPE is increased, leaving less for the retina.

Another cell involved in processing photoreceptor-derived
lactate is the Miiller cell. Miiller cell survival is increased
by exposure to lactate and this effect was abolished by
MCT inhibition (Vohra et al. 2018). Glycolytic metabolism
produces oxidative damage (which may seem counterintui-
tive). One important mechanism used in cellular antioxidative
protection involves single carbon metabolism. This is a com-
plex metabolic network, dependent on folate, that uses serine
and glycine to, among other things, generate NADPH. The
NADPH in turn is used in reactions to regenerate cellular
antioxidant mechanisms. Miiller cells exposed to mild oxida-
tive stress shown much greater damage when serine metabo-
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Fig.8.12 Volume rendered structural and angiographic OCT of a case
of MacTel 2 with vascular proliferation. The vessels at the level of the
superficial plexus are blue, deep plexus, red, below the deep plexus,
yellow and below the RPE, green. Note the different character of the
sub-RPE vessels. (View from the choroidal side)

lism is inhibited (Zhang et al. 2018). The cellular damage
could be partially reversed by supplementation with exoge-
nous serine and glycine.

Viewed in the context of Miiller cell, photoreceptor, and
potentially RPE cell metabolism, the genetic association
with variants in the serine/glycine pathway and decreased
serum levels of both, becomes very interesting. One possi-
ble treatment for MacTel 2 may be to use high levels of
serine as a supplement. There is a very important reason to
be cautious about this approach. The other known tissues
that depend heavily on glycolysis are tumor cells. NADPH
production via the one carbon pathway is extremely impor-
tant for mitochondrial redox homeostasis in tumors (Ye
et al. 2014). Serine can be generated from the glycolytic
intermediate, 3-phosphoglycerate, by the serine synthesis
pathway. Cancer cells that do not have upregulation of ser-
ine synthesis pathway enzymes require extracellular
sources of serine for survival (Possemato et al. 2011).
Serine increases tumor growth and serine starvation reduces
tumor cell proliferation (Maddocks et al. 2013). Increased
activation of the serine synthesis pathway correlates with
tumorigenesis (Locasale 2013), and may do so via inter-
linked metabolic and epigenetic programming (Kottakis
2016). In this context, loading with large doses of serine to
try to treat MacTel 2 may carry risks of producing, or accel-
erating, tumor growth.

Treatment

The natural history of MacTel 2 (Clemons et al. 2010) is
characterized by a decrease of 1.07 letters per year as seen
during a S-year follow-up study (Vujosevic et al. 2018).
There are several main drivers for vision loss. Atrophy of the
retina, reorganization of the central macular tissue, and sub-
retinal and choroidal neovascularization are the main fea-
tures of the disease that are associated with more significant
visual acuity losses. Visual function is affected in two main
ways, decreased acuity and development of a scotoma in the
central 5 x 8-degree area (Vujosevic et al. 2018). The scoto-
mas that develop in MacTel 2 are related to ellipsoid zone
loss by OCT imaging (Peto et al. 2018; Heeren et al. 2018).
Implantation of device using encapsulated cell therapy that
released ciliary neurotrophic factor (CNTF) was first tested
in a Phase 1 trial in seven subjects (Chew et al. 2015). A
larger Phase 2 study of 99 eyes of 67 patients showed the
area of ellipsoid zone loss over a 24-month period was lower
in the CNTF treated eyes as compared with sham-treated
eyes (P = 0.04) (Chew et al. 2019). The difference was only
0.065 mm?, however. That is approximately one-half the area
of the period at the end of this sentence. There was a less of
a decline in reading speed in treated patients (-13.9 words
per minute) as compared to controls (-1.3 words per minute)
(P =0.02).

Patients may also show two different forms of neovascu-
larization. A common subtype is subretinal neovasculariza-
tion, which is a proliferation of blood vessels under the retina
and they are supplied and drained by the retinal circulation.
In some patients, there may be sub-RPE proliferation that
can anastomose with the choroidal circulation. In both situa-
tions, intravitreal injection of anti-VEGF agents can cause a
decrease in exudation.
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Abbreviations

AMD Age-related macular degeneration

CME Cystoid macular edema

CNV Choroidal neovascularization

DCP Deep capillary plexus

FA Fluorescein angiography

GCC Ganglion cell complex

ICGA Indocyanine green angiography

INL Inner nuclear layer

IPL Inner plexiform layer

OCT Optical coherence tomography

OCT-A  OCT angiography

OPL Outer plexiform layer

PEVAC Perifoveal exudative vascular  anomalous
complex

RPE Retinal pigment epithelium

SCP Superficial capillary plexus

VEGF  Vascular endothelial growth factor

Introduction

Perifoveal exudative vascular anomalous complex (PEVAC)
is a peculiar and rare clinical entity that does not fit into any
other previously described macular disease, defined by the
presence of a unilateral, isolated perifoveal aneurysm in oth-
erwise healthy patients. By definition, PEVAC occurs in sub-
jects without any signs of arterial hypertension, diabetes, or
any other systemic or local vasculopathy; however, eyes with
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PEVAC may manifest other macular diseases including age-
related macular degeneration (AMD) (40% of cases) or path-
ological myopia (13% of cases). No other coincident retinal
diseases have been detected. Age of diagnosis is variable;
both young people, and more frequently, aged subjects could
be affected (mean age at onset is 71 + 13 years) (Sacconi
et al. 2017).

In 2011, Querques and colleagues first reported two
cases of isolated PEVAC in an 82-year-old woman and in
a 52-year-old man, describing the angiographic and opti-
cal coherence tomography (OCT) features (Querques et al.
2011). More recently, in 2017, Sacconi and associates
have provided a detailed analysis of PEVAC, reporting the
baseline multimodal imaging findings in 15 patients,
including OCT angiography (OCT-A), and analyzing fol-
low-up in several cases (Sacconi et al. 2017). They identi-
fied peculiar features to distinguish this rare disorder from
other retinal diseases that are characterized by the pres-
ence of perifoveal retinal vascular abnormalities, includ-
ing diabetic retinopathy, hypertensive retinopathy, venous
occlusion, inflammatory diseases, and blood dyscrasias. In
addition, PEVAC should be distinguished also from type 3
neovascularization, although, infrequently, the two enti-
ties may be concomitant.

The main symptom in subjects with PEVAC is the visual
decline caused by the presence of cystoid macular edema
(CME), although, in rare cases, patients could be asymptom-
atic without signs of exudation.

The clinical course of the disease is stable and no signifi-
cant improvement is obtained after anti-vascular endothelial
growth factor (VEGF) therapy.

Etiopathogenesis

PEVAC is an idiopathic large perifoveal aneurysm without a
known origin. The pathogenesis remains unclear, although
multimodal imaging has provided a better understanding of
the pathophysiological mechanisms. On the basis of the
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clinical and imaging findings and the absence of capillary
ischemia or inflammation, the main hypothesis is that
PEVAC may be the result of a focal and progressive endothe-
lial cell injury in patients without other retinal vascular dis-
eases. This could explain the unresponsiveness to anti-VEGF
treatments (Sacconi et al. 2017).

Clinical Features

At the diagnosis, PEVAC is typically associated with visual
decline due to the presence of CME identified by OCT anal-
ysis. However, in few cases, PEVAC is diagnosed during a
routine clinical examination without any symptoms reported
by the patients. A multimodal imaging approach is manda-
tory to discern between PEVAC and other retinal diseases.

Multimodal Imaging Features

Fundus color pictures/multicolor imaging. PEVAC typically
appears as a large, unilateral, perifoveal, aneurysmal abnor-
mality affecting healthy people, usually unifocal, although
rarely two lesions have been described in the same eye, in
association with small retinal hemorrhages, intraretinal exu-
dation, and, in some cases, hard exudates (Fig. 9.1). The
lesion is usually located less than 500 pm from the center of
the fovea but, in some cases, it could be located between 500
and 1500 pm from the center.

Fluorescein angiography (FA) and indocyanine green
angiography (ICGA). FA displays a well-defined hyperfluo-
rescent lesion, characterized by isolated aneurysmal dilata-
tion, with variable leakage during the late phase (Fig. 9.2).
ICGA usually reveals the same hyperfluorescence identified
by FA but without leakage in the late frame of the exam
(Fig. 9.2).

Structural OCT. PEVAC appears as a round hyperreflec-
tive lesion characterized in detail by a reflective wall sur-
rounding a dark lumen with variably reflective material
(Figs. 9.3, 9.4 and 9.5). In most cases, PEVAC is located
between the outer plexiform layer (OPL) and the inner
nuclear layer (INL), but sometimes it is also in the inner
plexiform layer (IPL) with extension to the ganglion cell
complex (GCC). Intraretinal cystic spaces usually surround
PEVAC. On the contrary, subretinal fluid under the lesion
has been rarely reported. Signs of choroidal neovasculariza-
tion (CNV) are notably absent from structural OCT.

OCT-angiography. OCT-A is a new noninvasive tool able
to provide depth-resolved analysis of retinal vascular flow
and differentiation of the various retinal capillary plexuses. It
shows PEVAC as an isolated large dilated aneurysmal abnor-
mality with detectable flow in the superficial capillary plexus
(SCP) in 17% of cases, in the deep capillary plexus (DCP) in
33% of cases, in both SCP and DCP in 33% of cases, and in
the DCP and the avascular slab in the remaining 17% of
cases (Figs. 9.6 and 9.7). In addition, PEVAC is character-
ized by rarefaction of retinal capillaries in the perilesional
area. Anomalous flow is absent and no signs of anastomosis
between the retinal capillary plexuses and the choriocapil-
laris are detected by OCT-A. A shadow effect is constantly
present in the choriocapillaris segmentation (Fig. 9.7). No
other macular abnormalities are present on OCT-A outside
the area of the lesion.

Differential Diagnosis

PEVAC is defined as an isolated large perifoveal aneurysm,
in the absence of retinal vascular or inflammatory diseases.
Indeed, it is well known that macroaneurysm may be associ-
ated with other retinal vascular disorders such as retinal vein
occlusion, diabetic retinopathy, and inflammatory diseases

Fig. 9.1 Multicolor imaging showing a perifoveal isolated aneurysmal lesion in two different patients. (a) Healthy patient affected by PEVAC
with large hard exudates and without any other retinal disease. (b) Patient affected by concomitant age-related macular degeneration and PEVAC
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Fig. 9.2 Fluorescein
angiography (FA) (a, b) and
indocyanine green
angiography (ICGA) (c, d)
showing a well-defined
hyperfluorescent lesion with
leakage in the late frame of
FA examination (b) and no
leakage at ICGA (d)

(Verougstraete et al. 2001; Yamanaka et al. 2004; Bourhis
et al. 2010). Therefore, aneurysms that occur in these kinds
of patients should not be included in the PEVAC definition.
PEVAC may be classified in the spectrum of idiopathic
retinal vascular abnormalities of the macula. However,
PEVAC should not be misdiagnosed as type 1 macular tel-
angiectasia (or a subtype). Group 1B macular telangiecta-
sia, also defined as “Visible, Exudative and Focal Idiopathic
Juxtafoveolar Retinal Telangiectasis” by Gass and Blodi
(Gass and Blodi 1993), is characterized by focal exudative
telangiectasia limited to 2 clock hours or less in the juxta-
foveal area with intraretinal microangiopathy affecting
both the superficial and deep capillary plexus. By contrast,
PEVAC is characterized by an isolated and well-defined
aneurysmal abnormality with rarefaction of the retinal cap-
illaries in the perilesional area but without adjacent capil-
lary aneurysms and/or telangiectasia. Furthermore, type 1
macular telangiectasia usually affects young patients and
responds to anti-VEGF treatment (Gamulescu et al. 2008).

On the other hand, PEVAC affects older patients and it is
typically unresponsive to anti-VEGF therapy, such as
ranibizumab or aflibercept intravitreal injections (Sacconi
et al. 2017).

PEVAC could be confused also with nascent type 3 lesion,
typically associated with no exudation (Sacconi et al. 2018),
or with stage 1 of type 3 neovascularization, typically associ-
ated with slight intraretinal fluid (Su et al. 2016). However,
these early stages of type 3 neovascularization are almost
always associated with downward growth toward the retinal
pigment epithelium (RPE) with progressive exudation (Su
et al. 2016). In fact, RPE invasion may serve as the substrate
for a greater exudative process. On the contrary, PEVAC
tends to remain confined to the retinal layers and it is unre-
sponsive to anti-VEGF injections (Sacconi et al. 2017),
whereas type 3 neovascularization responds briskly to
anti-VEGF (Kuehlewein et al. 2015; Phasukkijwatana et al.
2017). Furthermore, structural OCT displays a very different
morphology of PEVAC versus type 3 neovascularization.
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Fig. 9.3 Vertical structural OCT passing through the fovea showing
the development of a PEVAC in a patient affected by concomitant age-
related macular degeneration and PEVAC. (a) At baseline, no lesion

A PEVAC lesion appears as an aneurysmal abnormality,
i.e., an isolated round lesion with a reflective wall sur-
rounding a lumen containing variably reflective material
(Figs. 9.3, 9.4 and 9.5), whereas type 3 neovascularization
appears as a hyperreflective lesion that displays downward
growth from the deep capillary plexus to the RPE (Sacconi
et al. 2018).

Interestingly, sometimes PEVAC develops in AMD patients
and is rarely associated with a concomitant nascent type 3 neo-
vascularization remote from the lesion. However, the authors
believe that the development of type 3 neovascularization in
the reported cases was related only to AMD and not strictly
related to PEVAC, because of the considerable distance
between the two lesions (Sacconi et al. 2017).

was disclosed. (b, ¢) At 6-month follow-up, structural OCT showed a
round lesion with a hyperreflective wall (b) that developed intraretinal
cystic spaces and hard exudates after 6 months (c)

Management

Because of the rarity of the disease, little is known about the
correct management and treatment of PEVAC.

Observation

The disease displays a stable clinical course, with no signifi-
cant improvement or worsening in functional and anatomical
outcomes at the end of 1-year follow-up without any medical
or surgical treatment (Sacconi et al. 2017). However, some
cases could display a partial spontaneous resolution of CME
during the follow-up (Fig. 9.4).
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Fig. 9.4 Horizontal structural OCT scans passing through the PEVAC
at baseline and at all follow-up examinations. Structural OCT revealed
a round lesion with a hyperreflective wall matching PEVAC without

Medical Therapy

There is no evidence that anti-VEGF injections are effective
in the treatment of PEVAC (Fig. 9.5). In the series reported
by Sacconi and associates (Sacconi et al. 2017), three patients
were treated with anti-VEGF injections (two patients under-

intraretinal cystic spaces at baseline (a) which appeared at 8-month
follow-up (b). A partial spontaneous resolution of intraretinal cystic
spaces was recorded at 11-month follow-up (¢)

went three Ranibizumab injections and one patient three
Aflibercept injections) and all patients illustrated the persis-
tence of PEVAC at the follow-up. Furthermore, CME per-
sisted in all three patients, and no evidence of functional or
anatomic improvement was disclosed.
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Fig. 9.5 Horizontal structural OCT scans passing through the PEVAC intraretinal cystic spaces and hard exudates at baseline (a) and after the
at baseline and at 4-month follow-up after three ranibizumab injections. ~ treatment (b), without significant improvement
Structural OCT showed a round lesion with a hyperreflective wall,

Fig. 9.6 Optical coherence tomography angiography images (PLEX®  ing PEVAC with detectable flow in superficial capillary plexus (a), deep
Elite 9000, Carl Zeiss Meditec Inc., Dublin, CA, USA) and correspond-  capillary plexus (b) and no flow in the avascular slab (c)
ing B-scans with flow nicely disclose an isolated large dilation match-
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Fig. 9.7 Optical coherence tomography angiography images (PLEX®
Elite 9000, Carl Zeiss Meditec Inc., Dublin, CA, USA) and correspond-
ing B-scans with flow disclose an isolated large dilation matching
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ELM  External limiting membrane
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IR Infrared

OCT  Optical coherence tomography
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Introduction

Light interaction with the retina can result in mechanical dam-
age to the retina, known as photic retinopathy. Photic retinopa-
thy encompasses an array of disorders in which light produces
damage to the retina, and the source of the inciting light can
come from varied sources, including solar rays, laser pointers,
welding arcs, and even ophthalmic equipment. The severity of
damage is often related to the duration and wavelength of
exposure and the intensity of the light source, and visual
recovery can be variable. There can also be differences in
severity of photic retinopathy based on iris pigmentation,
pupillary constriction, and absorption of the target tissue. We
herein aim to discuss various mechanisms of photic retinopa-
thy, their clinical features, and methods of prevention.

Characteristics of Light and Mechanisms
of Light-Induced Damage

Visible light ranges from 400 to 760 nm, but damage often
occurs in the ultraviolet (UV, 200-400 nm) and infrared
(IR, >760 nm) wavelengths. Intrinsic ocular defenses against
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light-induced damage include corneal absorption of ultravio-
let and infrared radiation, lens absorption of ultraviolet and
visible blue radiation, and xanthophyll absorption of ultra-
violet and blue light (Mainster 1987; Boettner and Wolter
1962). Choroidal thermoregulation and pupillary miosis are
additional defense mechanisms against photic damage
(Mainster 1987). Younger patients are at higher risk of photic
retinopathy due to presence of a clear lens leading to an
unobstructed visual pathway for the incoming light source.
There are three major ways in which light causes damage
to the retina—photodisruption, photocoagulation, and photo-
chemical. Overall, the tissue effects of light are determined
by the wavelength of light, duration of exposure, irradiance
(W/cm?), and absorption of target tissue (Mainster et al.
1983). Photodisruption is a type of mechanical injury that
results from short-duration, high-irradiance exposure in the
nanosecond (107?) to picosecond (10~!?) range, which disinte-
grates the tissue into plasma. Photodisruption is the primary
mechanism of action of the neodymium:yttrium-aluminum-
garnet (Nd:YAG) laser which is used to create posterior cap-
sular openings after cataract surgery and for peripheral iris
puncture (also known as iridectomy) in angle-closure glau-
coma. Photothermal tissue damage occurs with moderate
irradiance and moderate exposure to a light source, which
results in a temperature rise in the target tissue. This tempera-
ture rise produces protein denaturation and cellular necrosis
(White et al. 1971; Priebe et al. 1975). An example of photo-
thermal tissue effects is produced with retinal photocoagula-
tion, which is the primary mechanism of action to induce
retinal tissue destruction for proliferative retinovascular dis-
eases. The final mechanism of light damage is photochemi-
cal. This occurs with low-to-moderate irradiances and with
shorter wavelengths, in particular ultraviolet light. Short-
wavelength light causes a photochemical reaction in the tar-
get tissue by producing an excited molecular state from
photon absorption. This is the mechanism of action for photo-
dynamic therapy which couples a systemic photosensitizing
agent such as verteporfin with low energy light to induce reti-
nal tissue effects. These methods of light-induced damage are
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used intentionally by some forms of ophthalmic lasers as
described above. However, unregulated light sources can also
produce permanent retinal damage using these same photic
mechanisms described. More than one mechanism of light
damage may also be produced after photic exposure. For
example, solar damage may produce retinal damage by pho-
tothermal as well as photochemical mechanisms.

Clinical Features

The features of photic retinopathy are variable and depend
on host factors (pigmentation, body temperature, photosensi-
tizing agents, integrity of preexisting intrinsic ocular defenses
against photic damage) and the characteristics of the photic
exposure (wavelength, duration, irradiance, area). Mild pho-
tic retinopathy may be asymptomatic. An individual typi-
cally presents for evaluation for a decline in vision, scotoma,
or erythropsia following exposure to an inciting light source.
Patients with minor or subclinical photic exposure may not
present at all due to lack of symptoms. Clinical examination
may reveal retinal pigment epithelium (RPE) changes and/or
a foveal defect, although this finding may not be visible for
hours to days after the inciting event and occasionally is so
subtle that it is not visible on clinical examination. Optical
coherence tomography (OCT) is the most sensitive modality
to demonstrate photic damage. Multiple high-resolution
OCT scans should be directed at the area of interest to show
subtle changes. OCT typically shows disruption of the outer
retina that may involve the external limiting membrane
(ELM), interdigitation zone, and/or ellipsoid layer. Visual
recovery is possible, although it varies based on severity of
initial injury. Patients on photosensitizing agents such as tet-
racycline derivatives and psoralen may be more susceptible
to damage.

Solar Retinopathy

Solar retinopathy describes photic damage from indirect or
direct visualization of solar rays. This has been associated
with religious sungazing, psychiatric and psychotropic disor-
ders, and prolonged sunlight exposure without eye protection,
such as in skiing or sailing. There is a threshold for which
solar viewing can cause retinal damage, due to the tempera-
ture rise in retinal tissue from the direct image of the sun that
is focused on the fovea. Solar viewing through a 3 mm pupil
produces a 4 °C increase in temperature, which is below the
threshold for retinal damage. Conversely, solar observation
through a dilated pupil produces a 22 °C increase in tempera-
ture, which is above the threshold for retinal damage (White
et al. 1971). Solar retinopathy is often more pronounced with
large pupillary diameters, as larger pupils allow for unim-
peded entry of light into the eye (White et al. 1971).

Symptoms usually develop shortly after the inciting event
and are often bilateral. Acute symptoms often manifest up to
several hours after exposure and cause distortion in vision,
scotomata in the center of vision, and/or blurred vision.
Clinical exam can be unremarkable or, in more severe cases,
canreveal subfoveal RPE changes (Fig. 10.1a, b). Fluorescein
angiography (FA) can show a small foveal window defect
without leakage. OCT often shows subfoveal ellipsoid dis-
ruption without intraretinal edema (Figs. 10.1c, d and 10.2a,
b). Vision often slowly improves over the following months,
although subtle permanent distortion and visual sequelae can
persist. Chronic RPE mottling can be seen in patients with
multiple prior episodes of sungazing.

A well-known subset of solar retinopathy includes eclipse
retinopathy. A solar eclipse occurs when the moon passes
between the Earth and sun, blocking the sunlight and casting
a shadow on a part of the Earth. This spectacular phenome-
non is often enticing to view, but viewing the eclipse directly
with the unprotected eye can cause solar retinopathy, due to
the duration of exposure and the intensity of the light. The
most recent total solar eclipse occurred in the United States
on August 21, 2017, which was preceded by an extensive
public awareness campaign to avoid solar viewing without
proper approved ocular protection. Eclipse retinopathy pres-
ents similarly to solar retinopathy, usually with mild perifo-
veal changes on examination and outer retinal disruption
visible on OCT (Fig. 10.3).

Lasers and Handheld Laser Pointer Injury

Lasers can produce sudden visual loss when inadvertently
directed into the eye, producing retinal injury. There are dif-
ferent variations of laser injuries, and the severity and long-
term outcome depend on the mechanism of injury. The first
type is related to industrial lasers, which are often high-
powered and produce photocoagulation injury to the retina.
This usually results from exposure without safety glasses or
secondary to misalignment of the laser. The second kind of
laser injury involves handheld lasers that may not comply
with the strict regulations set forth by the American National
Standards Institute (ANSI) and can be of higher energy than
these regulations allow. These types of lasers are often
obtained from abroad or on the Internet. The last kind of
laser injury is related to laser pointers that fully comply with
ANSI regulations, but are incorrectly used.

Laser energy has been shown to have a predilection for
retinal injury due to absorption by the RPE and the combina-
tion of photochemical and photothermal damage (Alsulaiman
et al. 2014). Symptoms of laser pointer maculopathy include
unilateral or bilateral blurred vision with or without central
scotomata (Weng et al. 2015). There have been cases of audi-
ble popping sounds and temporary pain at the time of laser
pointer exposure, possibly due to sudden rapid expansion of
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Fig. 10.1 Fundus photograph of the right (a) and left (b) eyes in a  RPE changes. OCT of the right (¢) and left (d) eyes showed focal foveal
13-year-old girl who presented with blurred vision 10 days after direct ~ ellipsoid disruption extending between the RPE and the ELM without
prolonged solar (sun) viewing. Examination revealed subtle subfoveal — overlying retinal edema

Fig. 10.2 OCT of the right (a) and left (b) eyes of a 47-year-old ruptions in the ellipsoid layer without overlying retinal edema, consis-
female with history of narcotic and benzodiazepine use, who admitted  tent with solar retinopathy
to prolonged episodes of sungazing. OCT shows hyporeflective dis-
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Fig. 10.3 OCT of the left eye acutely after eclipse exposure revealed
outer retinal disruption and ellipsoid loss in the left eye

the chorioretinal tissues due to thermal expansion in higher-
energy lasers (Weng et al. 2015). Fundus examination acutely
reveals RPE changes in the fovea. Tissue disruption or hem-
orrhage may also be visible. OCT after acute exposure typi-
cally reveals focal disruption in the outer retina extending
from Bruch’s membrane to the external limiting membrane,
involving RPE destruction and ellipsoid disruption
(Fig. 10.4a, b). Opacification of Henle’s layer may be visible
in the region of tissue disruption. The OCT changes typically
improve over time, although some of OCT findings may per-
sist, including ellipsoid attenuation and RPE irregularity.
Fluorescein angiography may demonstrate foveal window
defects at the area of RPE damage (Fig. 10.4c—e), and fundus
autofluorescence can show hypoautofluorescence in these
same areas (Weng et al. 2015). There have also been reports
of laser pointer injury causing full-thickness macular hole or
subretinal hemorrhage, thought to be related to high-energy
laser sources held within 2 m of the eye (Alsulaiman et al.
2015; Dhoot and Xu 2014).

The severity of injury from laser pointers depends on
power of the laser, wavelength of the laser, duration of expo-
sure, and degree of retinal pigmentation (Barkana and Belkin
2000). Therefore, primary prevention of laser pointer-
induced retinopathy is cautious use of laser pointers with
care to point the laser beam away from the eyes. However,
given the prevalence of laser pointers and the possibility of
inadvertent exposure, it is important to ensure that all laser
pointers are of low-energy that is below the threshold of reti-
nal toxicity.

Lasers are regulated by the Food and Drug Administration
(FDA), in order to ensure safety. The FDA classifies lasers
according to the hazard posed by the amount and type of
light they emit, according to the standard set forward in the
Code of Federal Regulations. Hazard classes range from
Classes I to IV, with Class IV lasers being the most hazard-
ous. Laser pointers are classified into Class Illa and are lim-
ited to a maximal 5 mW output power in the visible
wavelength range from 400 to 710 nm, which at this level

poses negligible risk of ocular damage with correct pointer
use (FDA 2017). However, given the ease of global purchas-
ing and the lack of regulations overseas, laser can be errone-
ously advertised as pointers that exceed these requirements
and can pose considerable risk of injury to the people
exposed (Weng et al. 2015). Furthermore, there is no regula-
tory board monitoring labeling of lasers obtained from out-
side of the United States (Lee et al. 2014). Additionally,
improper use of Class IIla laser pointers such as with pro-
longed direct viewing may produce retinal damage (Lee
et al. 2014).

Ophthalmology Equipment Related

With technological advances, operating microscopes have
morphed over the years to provide clear intraoperative views
with high levels of illumination. However, photic retinopathy
has been reported from prolonged high-intensity intraopera-
tive light exposure after both anterior segment surgery and
vitreoretinal surgery (Michels and Sternberg Jr 1990).
Unobstructed high-intensity light can cause photochemical
and photothermal damage to the retina, particularly when
unobstructed due to pupillary dilation, aphakia, or direct
endoillumination during vitrectomy. Symptoms often pres-
ent similarly to that of solar retinopathy, although oftentimes
there is little to no clinical evidence of macular pathology
immediately after the exposure. Within 48 h, a yellow lesion
measuring around 0.5-2.0 disc diameters may develop at the
level of the RPE, with overlying retinal edema. Fluorescein
angiography will show dye leakage at the level of the
RPE. The acute retinal edema will resolve, but chronic find-
ings of RPE clumping and atrophy, ellipsoid loss, and win-
dow defects on fluorescein angiography can persist.
Typically, symptoms present in the postoperative period and
are more common in patients with prolonged operative times
and patients on photosensitizing medications or with the use
of high-intensity light sources. Severity of vision loss can
also vary, as the area of damage depends on the shape and
exposure of the illuminating source, and so damage can
occur outside of the fovea. Diagnosis is often delayed, as
vision is often limited in the early postoperative period from
normal postoperative corneal edema, refractive changes,
and/or intraocular gas. Symptoms and clinical findings often
improve with observation, although there can be subtle resid-
ual deficits.

Arc Welding

Welding-induced retinopathy occurs due to exposure to
ultraviolet, near ultraviolet, and blue light, without appropri-
ate eye protection. More commonly, arc welding will cause a
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Fig. 10.4 OCT of the right (a) and left (b) eyes in an 11-year-old boy
who briefly viewed a laser pointer directed into a mirror. OCT right eye
shows RPE and outer retinal disruption, hyperreflectivity in the region
of damage, and subtle opacification of Henle’s layer. In the left eye,
there is small hyperreflective foci in the fovea. Fluorescein angiography

temporary photokeratitis known as “welder’s flash,” which
often resolves spontaneously with the addition of lubricating
eye drops. However, in more severe cases, arc welding can
also cause photic retinopathy. Clinical examination often

of the right eye at 46 s (c) and at 2 min (d) showed parafoveal hyper-
fluorescence corresponding to region of outer retinal damage.
Fluorescein angiogram of the right eye at 7 min (e) shows stable win-
dow defect hyperfluorescence without evidence of leakage

reveals subfoveal RPE changes, OCT ellipsoid disruption,
and oftentimes a subfoveal RPE window defect on fluores-
cein angiography (Choi et al. 2006), similar to other forms of
photic retinopathy such as solar retinopathy.
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Prevention of Photic Injury to the Retina

Prevention is the major factor to avoid most instances of pho-
tic retinal damage. The general principles include education,
avoidance of hazardous exposure, use of proper eye protec-
tion, following most recent regulations to ensure that equip-
ment is safely used, and minimizing duration of surgical
light exposure.

Primary prevention of solar retinopathy includes avoid-
ance of any sungazing. Furthermore, avoidance of photosen-
sitizing agents such as tetracycline and psoralen is important,
particularly when involved in activities with sun exposure.
Direct viewing of a solar eclipse without eye protection
should be avoided. Special regulated filters are required for
eclipse viewing. These filters transmit less than 0.003% of
visible light (380-780 nm) and a maximum of 0.5% of the
near-infrared radiation (780-1400 nm). These filters are typi-
cally labeled as International Organization for Standardization
(ISO) 12312-2 certified (Emerson and Wong 2017).

Prevention of welding ocular damage requires wearing
appropriate ocular protection. However, there have been case
reports of photic retinopathy during arc welding despite pro-
tective eyewear due to insufficient range of protection from
all wavelengths of light emitted during arc welding (Choi
et al. 2006), highlighting the need to ensure that eye protec-
tion is updated and accurate.

Laser pointers are ubiquitous and widely available, but
are not always from reputable sources, and are differently
regulated among different countries. Be aware lasers from
the Internet may not comply with ANSI standards, may be
marketed as a pointer but have much higher outputs capable
of photocoagulation if misused, and may also be mislabeled
as demonstrated in the case by Lee and associates (Lee et al.
2014). Whether handheld laser or laser pointer, laser light
should never be directly viewed or pointed into a mirror.
Laser pointers also should not be used by minors or given to
a minor for recreational use.

In the medical field, Class IIIb lasers are often used for
procedures. Improper use of these lasers could similarly
cause permanent ocular damage. Therefore, it is imperative
that any medical professional required to operate or assist in
any laser-based therapy get mandatory laser safety training.
It is also important to wear protective eyewear around lasers,
and it is critical to ensure that the frequency of the laser and
the filtration of the protective eyewear match, to ensure opti-
mal protection.

Avoidance of iatrogenic photic retinopathy related to oph-
thalmologic equipment is critical, as this could otherwise
permanently affect a patient’s vision, even in the setting of
perfect surgical technique. Recommended measures to avoid

this complication include using the lowest light output nec-
essary for the procedure and minimizing the total duration of
surgery. Furthermore, filters incorporated into operative
microscopes are used to reduce the amounts of ultraviolet,
blue, and infrared light output. Placement of a corneal cover
during extraocular procedures can be helpful to act as a bar-
ricade against inadvertent intraocular light exposure, and
placement of an air bubble in the anterior chamber can be
helpful to defocus incoming light. In vitrectomy surgery,
careful use of the light pipe is crucial, and therefore maxi-
mizing light pipe distance from the retina and using eccentric
endoillumination techniques can help to avoid photic
retinopathy.

Treatment of Photic Retinal Injury

No specific therapy exists for photic retinopathy. In the
majority of cases, observation with cessation of further
unprotected solar, laser pointer, or arc welding exposure is
recommended. However there are instances where medical
or surgical therapy may be indicated.

Medical therapy with corticosteroids has been reported in
some cases of solar retinopathy (Choi et al. 2006; Moran and
O’Donoghue 2013). The rationale for this is that systemic
corticosteroids have been shown to reduce laser-induced reti-
nal damage in the primate model (Ishibashi et al. 1985).
Some practitioners use a short course of oral steroids in
hopes that it will help resolve acute changes more rapidly
and have a beneficial effect in visual acuity (Turaka et al.
2012). However, due to the infrequency of these cases, there
has been no large randomized trial comparing systemic cor-
ticosteroid for photic retinal injury to an untreated control
group. Additionally, spontaneous resolution often occurs
without treatment. A short course of oral corticosteroids may
be considered in cases where there is retinal edema, severe
visual loss related to the photic damage, or bilateral visual
loss. A rare complication of handheld laser injury is choroi-
dal neovascularization (CNV) typically related to
laser-induced damage to Bruch’s membrane, and anti-VEGF
agents may be utilized.

Surgical closure of accidental blue laser-induced full-
thickness macular hole may be indicated. In a review of 17
patients with laser pointer-induced full-thickness macular
holes, 14 eyes underwent 23 gauge pars plana vitrectomy,
with a success rate of 78.6% (11/14 eyes). Although closure
of these macular holes resulted in anatomic success, persis-
tent outer retinal abnormalities persisted in 73% (8/11 eyes).
Outer retinal abnormalities can be persistent after full-
thickness macular hole closure (Alsulaiman et al. 2015).
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Summary

In summary, photic retinopathy can occur after exposure to
varied sources, including solar rays, eclipse rays, laser point-
ers, welding arcs, and even ophthalmic equipment. Prevention
of photic retinopathy is critical and includes avoidance of sun-
gazing, appropriate eye protection, regulations on equipment
that can cause permanent visual changes, and judicious use of
lighting during ophthalmic surgery. Once photic retinopathy
occurs, management involves observation and prevention of
further exposure to the inciting source. Severity of photic reti-
nopathy depends on duration and intensity of exposure, and
most cases can have some resolution, although the amount of
resolution and the remaining visual sequelae can vary.
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Abbreviations

AMD Age-related macular degeneration
BAB Blood-aqueous barrier

BRB Blood-retinal barrier

CNVM  Choroidal neovascularization membrane
DME Diabetic macular edema

ERM Epiretinal membrane

FA Fluorescein angiography

IOL Intraocular lens

(0] Intraocular pressure

IVFA Intravenous fluorescein angiography
IVTA Intravitreal triamcinolone acetonide
NSAIDs Nonsteroidal anti-inflammatory drugs
OCT Optical coherence tomography
PCME Postsurgical cystoid macular edema
PPV Pars plana vitrectomy

RVO Retinal vein occlusion

VMT Vitreomacular traction
Introduction

Postsurgical cystoid macular edema (PCME) was first
described by Hruby in 1950 in a patient presenting after cata-
ract surgery, followed shortly by a similar report by Irvine in
1953 (Hruby 1950; Irvine 1953). Gass and Norton later con-
cluded that this condition was caused by marked macular
edema with a classic appearance of perifoveal petalloid
staining with late leakage from the optic nerve on intrave-
nous fluorescein angiography (IVFA) (Gass and Norton
1966). Due to these early descriptions by Irvine and Gass,
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this entity became known as Irvine-Gass syndrome, which is
recognized as a common cause of impaired vision following
cataract surgery.

Postsurgical cystoid macular edema can occur after any
intraocular surgery but is most commonly described after
cataract surgery. The reported incidence for PCME is vari-
able, depending on the specific surgical technique for cata-
ract extraction (intracapsular or extracapsular cataract
extraction, phacoemulsification). The incidence also varies
depending on the method of clinical evaluation (visual acu-
ity, fluorescein angiography, optical coherence tomography).
With regard to surgical approach, studies suggest an inci-
dence of angiographic PCME of about 60% following intra-
capsular cataract extraction, 20% after extracapsular cataract
surgery, and 20-30% with small-incision phacoemulsifica-
tion (Stark et al. 1984; Flach 1998; Ursell et al. 1999;
Gulkilik et al. 2006). Following modern phacoemulsifica-
tion, the rate of PCME as seen on OCT may be as low as
4-11% and as high as 41% depending on the study (Belair
et al. 2009; Perente et al. 2007; Lobo et al. 2004). Given the
contemporary trends away from intracapsular cataract
extraction to almost exclusively extracapsular and phaco-
emulsification techniques, the incidence of CME resulting
from cataract extraction has decreased. The incidence rates
of clinically significant PCME are much lower and are esti-
mated to range from 2% to 12% and 0.1% to 2.35% follow-
ing uncomplicated extracapsular cataract extraction and
phacoemulsification, respectively (Bradford et al. 1988;
Henderson et al. 2007).

Risk Factors

Various ocular and systemic risk factors have been associ-
ated with PCME. Proposed risk factors include diabetes mel-
litus, hypertension, history of central retinal vein occlusion,
recent history of uveitis, pre-existing epiretinal membrane,
or complicated cataract surgery (Flach 1998; Henderson
et al. 2007). In particular, patients with diabetes mellitus are

101

I. K. Kim (ed.), Macular Disorders, Retina Atlas, https://doi.org/10.1007/978-981-15-3001-2_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-3001-2_11&domain=pdf
mailto:John_Miller@meei.harvard.edu

102

A. Marmalidou and J. B. Miller

at increased risk of PCME, likely due to the predisposition to
macular edema in diabetic eye disease (Jiramongkolchai
et al. 2011). Schmier et al. reported a statistically significant
increase in PCME incidence from 1.73 to 3.05% in patients
with diabetes mellitus (Schmier et al. 2007).

Like diabetic retinopathy, epiretinal membrane (ERM)
and retinal vein occlusion (RVO) can lead to macular edema
even in the absence of cataract surgery (Fig. 11.1). A history
of ERM or RVO was associated with an increased risk for
PCME in a large series by Henderson et al. who reviewed
1659 cataract surgeries (Henderson et al. 2007).

The inflammation associated with uveitis can also predis-
pose to macular edema and confer an increased risk of
PCME. In a prospective study comparing 41 eyes with uve-
itis with 52 controls, the incidence of PCME on OCT was
8% versus 0% at 3 months postoperatively. That study also
found that the incidence decreased from 27 to 4% after treat-
ing patients with perioperative oral corticosteroids (Belair
et al. 2009). Furthermore, Ram and colleagues observed high
incidence rates (~21%) of clinical CME following phaco-
emulsification with intraocular lens implantation in patients
with prior uveitis (Ram et al. 2010).

Intraoperative complications considered a risk factor for
PCME include vitreous loss, vitreous traction at incision
sites, vitreous incarceration, pars plana vitrectomy (PPV) for
retained lens fragment, iris trauma, posterior capsule rupture,
dislocation of intraocular lens (IOL), early postoperative
capsulotomy, and use of iris-fixated or anterior chamber
IOLs (Flach 1998; Cohen et al. 2006).

The role of perioperative glaucoma has been unclear in
PCME. Although perioperative glaucoma has been impli-
cated as arisk factor for PCME, a retrospective study by Law
et al. evaluating glaucoma as a risk factor in the development
of PCME reported no increased prevalence of clinical PCME
in glaucoma patients undergoing uncomplicated cataract sur-
gery (Law et al. 2010).

Beyond the disease of glaucoma itself, topical anti-
glaucoma medications may be a risk factor for PCME. A
study by Arcieri et al. demonstrated that glaucoma patients
treated with prostaglandin analogs were more likely to
develop angiographic PCME compared with controls.
Fortunately in this study, the PCME resolved after discon-
tinuation of the prostaglandin analogs and treatment with
topical diclofenac in all cases (Arcieri et al. 2005).

Fig. 11.1 (a) Fundus photo of a patient with a branch retinal vein
occlusion with sectoral inferior retinal hemorrhages. (b) Fluorescein
angiography of the same patient with relative blocking of the fluores-
cence due to overlying retinal hemorrhages. Note the absence of petal-

loid staining and optic disc leakage as would typically be seen in
PCME. (c¢) OCT of the same patient shows diffuse intraretinal edema
with posterior shadowing from overlying hemorrhages and intraretinal
fluid
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Pathogenesis

Postsurgical cystoid macular edema occurs as a sequela of
many different surgical procedures, including cataract sur-
gery, vitrectomy, scleral buckling, laser capsulotomy, pene-
trating keratoplasty, and panretinal photocoagulation
(Shimura et al. 2009; Irvine 1976).

The pathogenesis of postsurgical cystoid macular edema
is most likely inflammatory, although other contributing fac-
tors such as light toxicity or mechanical irritation have been
suggested (Schubert 1989; Henry et al. 1977; Miyake and
Ibaraki 2002). The release of inflammatory mediators such
as prostaglandins and the subsequent disruption of the blood-
aqueous barrier (BAB) and blood-retinal barrier (BRB) pro-
mote vascular permeability and leakage from perifoveal
capillaries and pooling of fluid in the outer retinal layers
(Ursell et al. 1999; Yonekawa and Kim 2012; Kent et al.
2000). This increased permeability may be further exacer-
bated by the previously discussed ocular conditions that can
be a risk factor for PCME (Henderson et al. 2007; Miyake
et al. 2001; Ray and D’ Amico 2002).

Histopathology

Pathological sections of eyes with postsurgical cystoid mac-
ular edema demonstrate eosinophilic transudate in the inner
nuclear and outer plexiform layers of the retina. The intra-
retinal fluid results in formation of cystoid spaces that may
coalesce into perifoveal cysts. The photoreceptor layer below
the cysts usually appears thinner. More severe cases will
typically progress to fluid within most retinal layers includ-
ing the subretinal space (Flach 1998; Ray and D’Amico
2002; Zur and Loewenstein 2017).

Clinical Diagnosis

CME may develop in association with several pathological
conditions ranging from ocular to generalized systemic eti-
ologies. Therefore, the correct diagnosis requires a thorough
medical and ocular history, ocular examination, and ancillary
testing. A proper evaluation may help to reveal and treat the
underlying associated disease.

The most common clinical presentation of PCME is
decreased visual acuity in the initial postoperative period,
most frequently 4-6 weeks after cataract surgery (Yonekawa
and Kim 2012). Less common clinical features include
decreased contrast sensitivity, central scotomas, metamor-
phopsias, and mild photophobia (Zur and Loewenstein 2017;
Ibanez et al. 1993).

A complete ophthalmic examination is necessary to
screen for the many risk factors and associated diseases. In
particular, it is important to look for signs of uveitis, IOL
dislocation or displacement, and incarceration of vitreous to
the cataract wound on the anterior segment exam (Ray and
D’Amico 2002). Posteriorly, biomicroscopic fundoscopy
will classically show macular thickening and/or loss of
foveal depression (Yonekawa and Kim 2012). In addition to
the CME findings, one may see associated findings of risk
factors or other diseases including ERM, retinal hemorrhage,
and optic disc swelling. Use of red-free light can be useful to
detect intraretinal cystoid spaces, which may fuse to form
larger foveal cysts in chronic cases (Zur and Loewenstein
2017).

Ancillary ophthalmic imaging tests such as fluorescein
angiography (FA) and optical coherence tomography (OCT)
are valuable in confirming the diagnosis. FA remains the
gold standard in differentiating PCME from other condi-
tions. FA demonstrates early staining from the small perifo-
veal capillaries followed by pooling in the outer plexiform
layer resulting in the classic appearance of perifoveal petal-
oid leakage. Late leakage and staining of the optic nerve due
to capillary leakage is also a common finding (Fig. 11.2).
Notably, clinical improvement has been reported to correlate
with decreased optic nerve staining (Zur and Loewenstein
2017).

The advent of OCT has allowed for noninvasive
detection of macular edema beyond what can be typically
seen on fundoscopy. OCT demonstrates macular thicken-
ing, loss of foveal depression, and hyporeflective cystic
spaces more prominently in the inner nuclear and outer
plexiform layers, occasionally with subfoveal fluid
(Yonekawa and Kim 2012; Kim et al. 2008; Sigler et al.
2016) (Fig. 11.3).

Differential Diagnosis

The differential diagnosis of PCME is quite broad.
Other common causes of cystoid macular edema:

¢ Diabetic macular edema (DME)

¢ RVO-related macular edema

¢ Vitreomacular traction (VMT)

e Epiretinal membrane (ERM)

*  Wet age-related macular degeneration (AMD)

e Choroidal neovascularization membrane (CNVM)
e Choroidal hemangioma

e Uveitis

e Hypertensive retinopathy

e Radiation retinopathy
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Fig. 11.2 Fluorescein angiography and OCT images of a patient with
pseudophakic CME. (a) Note macular hyperfluorescence in a petalloid
shape and late staining of the optic nerve. (b) OCT of the same patient
shows intraretinal fluid accumulation of cystoid spaces in the inner reti-

Fig. 11.3 An OCT of a patient with cystoid macular edema secondary
to a mild ERM after cataract surgery and retinal detachment repair

More rare causes of macular edema:

e Coats’ disease

e Retinopathy of prematurity

* Retinitis pigmentosa

e X-linked hereditary retinoschisis
* Goldmann-Favre disease

* Nicotinic acid maculopathy

Medical history, retinal examination, FA, and OCT can be
helpful in distinguishing these etiologies from PCME in the
acute phase.

nal layers at the initial presentation. (¢) Three months after treatment
with topical agents, OCT demonstrates resolution of the CME and res-
toration of the foveal contour

Management

The efficacy of different treatment options in PCME can be
difficult to determine given the high proportion of cases that
resolve spontaneously (Jacobson and Dellaporta 1974).
Often a stepwise approach to management is chosen. Least
invasive options are used first with topical therapies, fol-
lowed by injectable agents, and occasionally surgery in
chronic or refractory cases (Zur and Loewenstein 2017).

Topical Medications

Medical therapy aims to suppress inflammation caused by
prostaglandin and leukotriene synthesis, thus reducing mac-
ular edema. Therapeutic options for topical treatment of
PCME include topical nonsteroidal anti-inflammatory drugs
(NSAIDs) and corticosteroids.

NSAIDs work by inhibiting the cyclooxygenase enzyme,
which is responsible for converting arachidonic acid into
prostaglandins during the inflammatory process. Topical
NSAIDs are the mainstay for perioperative PCME prophy-
laxis and treatment and thus are routinely prescribed for all
cataract surgeries (Yavas et al. 2007; Almeida et al. 2008).
Several ophthalmic preparations can be used including ketor-
olac, indomethacin, diclofenac, bromfenac, and nepafenac.
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Nepafenac is a prodrug which is converted to the more active
metabolite amfenac by intraocular hydrolases in vascular
ocular tissue and acts as a potent inhibitor of COX-1 and
COX-2 activity (Yonekawa and Kim 2012; Hariprasad et al.
2009).

Topical NSAIDs have been successfully used in treatment
and prophylaxis of PCME in uncomplicated cases (Miyake
et al. 2007; Warren and Fox 2008). The use of topical
NSAIDs has also been supported for prevention of PCME in
patients with complicated ocular surgery or high-risk patients
such as those with a history of diabetes and topical prosta-
glandin analog use (Henderson et al. 2007; Miyake et al.
1999). Topical nepafenac or bromfenac added benefit to
intravitreal anti-VEGF and steroid treatment in chronic cases
of PCME (Warren et al. 2010).

In addition to NSAIDs, corticosteroids are commonly
used to both manage and prevent macular edema associated
with inflammation through their anti-inflammatory actions.
Corticosteroids inhibit phospholipase A2 during the arachi-
donic acid cascade resulting in decreased prostaglandin syn-
thesis, block macrophage and neutrophil migration, and
decrease capillary permeability and vasodilation (Simone
and Whitacre 2001).

There is little evidence regarding the use of topical
NSAIDs alone. Combination therapy with topical corticoste-
roids has been shown to be superior in treatment or prophy-
laxis of PCME than either agent alone (Wolf et al. 2007;
Heier et al. 2000; Wittpenn et al. 2008) (Fig. 11.4). Few com-
parative studies support the notion that topical NSAIDs are
more effective in preventing PCME compared with topical
corticosteroids (Miyake et al. 2007; Asano et al. 2008; Kessel
et al. 2014). However, others report similar prophylactic effi-
cacy (Demco et al. 1997; el-Harazi et al. 1998).

Periocular and Intravitreal Therapies
If topical therapy fails, injectable medications may be used.

Sub-Tenon’s or Periocular Corticosteroids
Sub-Tenon’s and periocular corticosteroids are commonly
employed in cases refractory to topical treatments (Zur and
Loewenstein 2017). Both retrobulbar and sub-Tenon’s corti-
costeroid injections are effective in treating PCME with
improvement in visual acuity but are complicated by low
rates of increased intraocular pressure (IOP) (Thach et al.
1997) (Fig. 11.5).

Intravitreal Corticosteroids

Intravitreal triamcinolone acetonide (IVTA) has been shown
to be effective for the management of refractory PCME with
significant improvement in visual acuity and macular thick-
ness (Conway et al. 2003; Benhamou et al. 2003; Boscia
et al. 2005; Koutsandrea et al. 2007; Jonas et al. 2003). In
three studies, IVTA caused an increase in IOP in one third of
cases, yet all cases gained IOP control with topical anti-
glaucoma medications (Conway et al. 2003; Koutsandrea
et al. 2007; Jonas et al. 2003). Intravitreal dexamethasone
corticosteroid implants, which slowly release 0.7 mg of
dexamethasone for up to 6 months, have also been used suc-
cessfully (Khurana et al. 2015; Brynskov et al. 2013; Meyer
and Schonfeld 2011). A comparative study between IVTA
and dexamethasone implants showed similar efficacy in
improving visual acuity and macular thickness. The use of
IVTA was found to be associated with the need for repeat
injections within 6 months and more frequent and prolonged
intraocular hypertension compared with dexamethasone
(Dang et al. 2014).

Fig. 11.4 (a) OCT demonstrating CME in a patient with history of retinal detachment and anterior chamber IOL. (b) OCT demonstrating resolu-
tion of CME after treatment with topical steroid and NSAID
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Fig.11.5 (a) OCT showing CME in a patient with ERM and history of retinal detachment. (b) OCT after sub-Tenon’s injection of triamcinolone
showing significant improvement in CME with restoration of foveal contour

Surgical Management

PPV may be considered for PCME complicated by vitreo-
retinal traction or retained lens fragments (Harbour et al.
1995; Margherio et al. 1997; Rossetti and Doro 2002). A few
studies support the use of PPV in some cases of chronic
PCME in the absence of vitreoretinal traction (Pendergast
et al. 1999). PPV may be considered for PCME refractory to
medical treatment for more than 1 year. Internal limiting
membrane peeling does not seem to add benefit to PPV
(Yonekawa and Kim 2012), but there is only limited data in
the literature.

Conclusion

PCME is a rare but significant secondary complication of
intraocular surgeries, most commonly cataract extraction.
It is an important cause of decreased postoperative vision.
Various risk factors have been described for PCME includ-
ing diabetes mellitus, hypertension, history of central reti-
nal vein occlusion and uveitis, pre-existing epiretinal
membrane, and complicated cataract surgery. The clinical
diagnosis can be made by the classic petalloid staining pat-
tern and optic disc leakage on FA, intraretinal cystic
changes on OCT, and macular thickening on dilated fundus
examination. The majority of cases resolve spontaneously.
A medical approach is the primary therapeutic option for
cases that fail to resolve. Topical NSAIDs are the mainstay
in prevention and management of PCME. Topical, periocu-
lar, and intravitreal corticosteroids can be useful as mono-
therapy or as adjunct to NSAIDs. For cases that do not
respond to medical therapy or are complicated by vitreo-
macular traction or retained lens material, surgical inter-
vention may be considered.
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