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Chapter 1
Anatomy and Pathophysiology of Retinal
Pigment Epithelial Detachment

Olaf Strau3

1.1 Introduction

The retinal pigment epithelium (RPE) is a monolayer of pigmented cells localized
between the photoreceptors and the blood vessels of the choroid. Being the most
important interaction partner with the photoreceptors in visual function, any change in
RPE function leads to photoreceptor degeneration. The structural integrity and function
of the tissue complex “photoreceptor-RPE-choroid” is dependent on close spatial
interaction of those cells. This is achieved on one hand by the interphotoreceptor matrix
which forms a matrix between RPE and photoreceptors. On the other hand, Bruch’s
membrane forms another interface between RPE and choroid. These interfaces enable
free exchange of nutrients, oxygen, and bioactive molecules such as growth factors or
cytokines between the cells and layers of the photoreceptor-RPE-choroid complex. The
adhesion between the layers is ensured by the elimination of extracellular fluid by the
RPE towards the choroid as well as by the maintenance of the protein composition of the
extracellular matrix. Pathogenesis of retinal pigment epithelial detachment (PED), how-
ever, is not yet fully clarified; different concepts try to explain the development of PED
under different circumstances. The most widely accepted concept is that RPE detach-
ment can be caused by a reduced fluid flow through an ageing Bruch’s membrane or by
apassive inflow of water caused by changes in osmolarity of the extracellular matrix, e.g.,
in age-related macular degeneration or degenerative PED. Idiopathic PED (e.g., in central
serous chorioretinopathy) is thought to result from choroidal dysfunction and increased
permeability of choroidal vessels, possibly due to overactivation of mineralocorticoid
receptors in the choroidal endothelial cells. Local inflammation or ischemia can also lead
to hyperpermeability of choroidal vessels and thereby to inflammatory/ischemic PED.
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1.2 The Retinal Pigment Epithelium: Interface
Between Blood and Photoreceptors

The retinal pigment epithelium (RPE) is a pigmented monolayer localized between
the light-sensitive outer segments of the photoreceptors and the blood supply by the
fenestrated endothelium of the choriocapillaris [1, 2] (Fig. 1.1). According to its
location, the RPE serves as an interface between the photoreceptors and the body
system, interacting with both the photoreceptors and the choriocapillaris. This inter-
action requires a tight morphological connection between the neighboring tissues,

COST/ROST
RPE/Bruch

COST/ROST
RPE/Bruch

Fig. 1.1 The retinal pigment epithelium and the retina in optical coherence tomography
(OCT). (a) OCT section of a healthy retina. The reflective bands correlate with the different
layers of the retina from the nerve fiber layer to the choroid. (b) OCT section of a retina with
retinal pigment epithelial detachment (PED). (NFL nerve fiber layer, GCL ganglion cell layer,
IPL inner plexiform layer, /NL inner nuclear layer, OPL outer plexiform layer, ONL outer
nuclear layer, OLM outer limiting membrane, /S/0S transition between photoreceptor inner
and outer segments, COST/ROST area in which photoreceptor (cones/rods) outer segments
and RPE apical microvilli overlap, RPE/Bruch array of RPE’s basolateral membrane and
Bruch’s membrane)
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which is enabled by highly organized extracellular matrices. On the photoreceptor
side, the subretinal space is filled by the interphotoreceptor matrix which changes
its structure between light and dark [3—7]. These structural changes mainly include
the spatial distribution of the interphotoreceptor matrix retinoid-binding protein
(IRBP) between light and dark. On the choroidal side, Bruch’s membrane repre-
sents a multilayered complex matrix, which enables the regulated exchange of
nutrients and signaling molecules such as growth factors or immune cytokines
between the RPE and the choroid [8, 9].

1.3 Function of the RPE

The main function of the RPE is to be a close interaction partner for the light-
sensitive photoreceptors [1, 2] (Fig. 1.2). Early in evolution already, development
of light-sensitive organs started with a combination between pigmented and light-
sensitive cells. This way, the RPE becomes part of the visual process: absorption of
light energy, re-isomerization of all-trans retinal in the visual cycle, renewal of the
light-sensitive photoreceptor outer segments, and spatial K* buffering [1, 2]. All
these functions need to be carefully coordinated between the neighboring tissues.
Since the RPE is interacting with its adjacent tissues via specialized extracellular
matrices, this coordination has to occur by using diffusible factors. For that
purpose, the RPE can be considered as a secretory epithelium, which secretes a
large variety of cytokines and growth factors [1, 2]. For example, the RPE secretes
onto the photoreceptor side the pigment epithelium-derived factor (PEDF) known
to function as both neuroprotective and antiangiogenic factor [10-12]. In cell
culture, ATP is secreted to the same side and may coordinate the phagocytosis of
the photoreceptor outer segments [13]. In interaction with the choroidal side, the

Light absorption |Epitheltransport] [ Glia I | Visual cycle ” Phagocytosis || Secretion l

kt+

11 - cis retinal

Fenestrated capillary bed

Glucose

Vitamine A cr-

H,O

Fig. 1.2 Summary of RPE functions to interact with photoreceptors (From: Strauss 2005, Physiol.
Rev. [2])
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RPE actively establishes the immune privilege of the eye and ensures the supply of
nutrients and oxygen to the photoreceptors [1, 2, 14, 15]. Therefore, the RPE
secretes the vascular endothelial growth factor (VEGF-A) to the blood side to
stabilize the fenestrated architecture of the choriocapillaris [16, 17]. In the healthy
eye, the RPE also secretes immune regulatory factors such as complement
inhibitory factors or interleukins [18-20].

1.4 Mechanisms of Adherence Between RPE
and Photoreceptors in Health and Disease

1.4.1 Basic Mechanisms in Health

The tight spatial interaction between the photoreceptors and the RPE is maintained
by an active transepithelial transport of water from the photoreceptor to the choroi-
dal side [21-23] (Fig. 1.3). Driven by intraocular pressure, water from the vitreous
body accumulates in the retina. Furthermore, large amounts of water are produced
by the metabolic activity of retinal neurons [23]. Miiller cells in the inner and the
RPE in the outer retina achieve the reduction and control of extracellular volume.
With a transportation rate of approximately 11 pL/cm*h, RPE water transport is
quite high [22]. Since the RPE is a functional tight epithelium, this transport occurs
almost completely by the transcellular transportation route. It is driven by a tran-
sepithelial transport of Cl~ from the photoreceptor (apical) to the choroidal (basolat-
eral) side of the RPE [24]. By ATP-hydrolysis, the apically localized Na*/K*-ATPase
energizes this transport by removing Na* from the intracellular space in exchange
with K* which is pumped into the subretinal space against the concentration gradi-
ent [25, 26] (Fig. 1.3a). K* recycles back into the RPE through apical potassium
channels [21]. The net transport results in a gradient for Na* across the apical mem-
brane of the RPE, which is directed into the RPE cells. Indeed, the active transport
activity of Na*/K*-ATPase produces a mechanic adhesion force between the RPE
and the neuronal retina, which is lost after specific inhibition of the Na*/K*-ATPase
[27]. The gradient for Na* is then used for a secondary active transport of Cl~ across
the apical membrane by the Na*/2Cl-/K*-cotransporter [24, 28, 29] (Fig. 1.3b). RPE
cells are known to display comparatively high intracellular C1~ concentration. The
basolateral membrane displays a high Cl~ conductance which is provided by differ-
ent types of CI channels in the basolateral membrane [30]. Through these Cl chan-
nels, intracellular CI- leaves the RPE cells across the basolateral membrane towards
the choroid. This creates a net transport of Cl~ from the photoreceptor to the choroi-
dal side, which results in a basolaterally negative transepithelial potential. The tran-
sepithelial flux of CI~ osmotically drives water across the RPE through the water
channels aquaporin 1 and 4 that are expressed on both the apical and the basolateral
membrane of the RPE [31, 32] (Fig. 1.3¢).

The metabolic activity of the retinal neurons also leads to the production of lac-
tate, which accumulates in the subretinal space in large concentrations [2, 33], and
is also removed from there by the RPE [33]. This requires a tight regulation of
intracellular pH [21] coupled to the transepithelial transport of ions and water. pH
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Photoreceptors Choriocapillaris
(apical) (basolateral)

Kir; 4 K+ @ 5-15 mV

a K+
Nat
ADP
HCO3- .
-

Na+* Cl-
b 2Cr cr

K+ (40 — 60 mM)

c Aquaporin H,0 H,0 %» H,0 Aquaporin

Fig. 1.3 Simplified model of transepithelial water transport by the RPE. Water transport is driven
by a transepithelial transport of C1~ which osmotically drives passive transport of water resulting
in a basolateral negative potential. (a) Primary active transport of Na* energizes the transepithelial
transport: Na*/K*-ATPase hydrolyzes ATP to transport Na* against concentration gradients out of
the cell in exchange with a transport of K* into the cell. K* recycles back into subretinal space
through Kir7.1 K* channels. (b) Na* gradient established by Na*/K*-ATPase drives secondary
active transport by the Na*/2C1/K*-cotransporter which takes up Na*, K*, and CI~ from subretinal
space into the RPE across the apical membrane. Since Na* and K* are transported back into the
subretinal space by activity of Kir7.1 and Na*/K*-ATPase, C1~ accumulates in the RPE leading to
high intracellular CI~ concentrations. At the basolateral side, CI~ leaves the cell through various Cl
channels to the blood stream. This net flux of CI~ across basolateral membrane is partly counter-
balanced by the activity of the CI7/HCO;™-cotransporter which transports HCO;™ for pH regulation
into the RPE cell. (¢) Route of water across the RPE through the aquaporin water channels

regulation occurs by bicarbonate transport across the apical and the basolateral
membrane. Across the basolateral membrane, bicarbonate is removed from intracel-
lular space of the RPE cells in exchange with CI~ by the activity of the CI-/HCO;"-
exchanger [34] (Fig. 1.3b). Since this transport results in an uptake of C1~ back into
the RPE intracellular space, it reduces the net outward flux of Cl~ and thus the
transepithelial transport of water [2, 21-23].

1.4.2 Transepithelial Transport in Disease

In general, the RPE can quickly adapt to the requirements of transepithelial water
transport. For example, it has been shown that increasing light intensity results in a
transient increase of extracellular volume in the retinal layers, that is quickly reduced
by increased transport activity of the RPE [21, 22]. Furthermore, transepithelial
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transport can be pharmacologically stimulated to reduce pathologically increased
extracellular volume, i.e., macular edema [35]. The pharmacologic intervention is
based on the fact that normal pH regulation reduces the transepithelial net transport
for CI~ and water via bicarbonate extrusion from subretinal space. The application of
carbonic anhydrase inhibitors leads to a reduction in bicarbonate production and,
therefore, in less bicarbonate transport [36]. Subsequently, the reduced bicarbonate
transport out of the RPE cell results in a reduced CI~ uptake and this in turn increases
the efficiency of CI~ efflux and the net transport of water across the RPE.

1.5 Causes Leading to RPE Detachment

1.5.1 Changes in Bruch’s Membrane and
in Sub-pigment-Epithelial Space

Changes in Bruch’s membrane are the major cause for RPE detachment in the
elderly. Age-related changes of Bruch’s membrane are known for a long time and
have also been discussed to represent a major cause for age-related macular degen-
eration [1, 9, 37], see also chapter 3 (PED in AMD).

As indicated above, Bruch’s membrane has to fulfill a large variety of functions
such as being an interface between the RPE and the blood stream in the choroid.
First of all, Bruch’s membrane has to be permeable enough to permit the exchange
of water or hydrophilic factors, such as growth factors, between the RPE and the
choroid. Its composition based on extracellular matrix proteins moreover ensures an
environment that maintains structure and function of both the RPE and the endothe-
lium of the choriocapillaris [9]. The main effect of age-dependent changes in
Bruch’s membrane is the reduction of the hydraulic conductivity or the ability to
conduct water [38].

There are two patho-mechanisms which are discussed to cause the before-
mentioned structural changes in Bruch’s membrane resulting in reduced hydraulic
conductivity. One is the altered/modified control of the homeostasis of extracel-
lular matrix proteins [39—-41] and thereby osmolarity in the sub-pigment-epithe-
lial space (44). The extracellular matrix in general and also Bruch’s membrane
undergo a constant rearrangement in structure and protein composition. The lead-
ing enzymes for this process are the matrix metalloproteases (MMPs) [39]. These
enzymes disintegrate the structure of Bruch’s membrane to enable a functional
restructuration. On the other side, the stability of Bruch’s membrane is main-
tained by inhibitors of the MMPs. One of the most important inhibitors of MMPs
is the tissue inhibitor of metalloproteases-3 (TIMP3) which is secreted by the
RPE [42]. Reduced secretion or inhibitory capacity of TIMP3 causes, e.g.,
Sorsby’s fundus dystrophy [42]. John Marshall’s group found that the activity of
MMPs is reduced in Bruch’s membrane of eyes from elderly people [38, 39, 43,
44]. As a consequence, Bruch’s membrane suffers structural changes: an increase
in thickness and collagen-crosslinking [9].
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The second cause for the decrease in the hydraulic conductivity of Bruch’s mem-
brane is an accumulation of lipids. Curcio and Johnson found that in the aged
Bruch’s membrane there is an increasing number of highly structured lipid bodies
or droplets [45]. The origin of these lipids is not clear though. The authors think that
the highly organized structure points to an organized transportation process rather
than a simple uptake by diffusion. Two theories are discussed. One is that these lipid
bodies are produced by the RPE under a situation of metabolic stress [45]. The other
theory is that the lipid bodies stem from the plasma and that they are accumulated
by a comparable process as it happens in arterial sclerosis. So far, no data exists that
would proof one of these hypotheses.

The reduction in hydraulic conductivity has three major consequences:

e Water which has been transported at rather high transportation rates by the RPE
from the vitreous space to the sub-RPE space cannot pass Bruch’s membrane and
further into the blood stream. The water, then, will inevitably accumulate between
RPE and Bruch’s membrane. This effect alone should be sufficient to cause RPE
detachment [8, 37], namely degenerative PED. At the same time, changes in
extracellular matrix components in the sub-RPE space are thought to lead to a
higher osmolarity with subsequent inflow of water from the choriocapillaris
along a concentration gradient (44), further increasing the amount of “trapped”
water.

* Oxygen can no longer diffuse freely across Bruch’s membrane, creating a
hypoxic environment in the RPE and outer retinal layers. It is believed that this
could be one of the initial steps leading to increased secretion of VEGF and ulti-
mately to choroidal neovascularization [8, 37], which in turn can cause PED by
exsudation into the sub-RPE space.

* Factors required for communication between the RPE and the endothelium of
the choriocapillaris or the immune system cannot be freely exchanged. Thus
the interaction between the RPE and the endothelium or the immune system is
altered [8, 18]. It is not clear in which way this leads to RPE detachment;
however, it is discussed that local inflammatory processes due to reduced
inhibitory control of the immune system might possibly cause fluid
accumulation by increased permeability of the choriocapillaris and thereby
RPE detachment. Indeed, in the etiology of age-related macular degeneration,
the loss of immune inhibitory activity by the RPE in association with a reduced
exchange of immune regulatory factors through Bruch’s membrane was found
to play a major role [8, 18, 46].

1.5.2 Changes in Choroid and Choriocapillaris

While the age-related changes in Bruch’s membrane and its increased hydrophobic-
ity in the elderly are widely accepted as pathophysiologic cause of degenerative
PED, the causes leading to non-degenerative PED are much less elucidated.
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In idiopathic, inflammatory and ischemic PED, clinical observation seems to imply
that water is mainly derived from the choroid and the choriocapillaris, as the fluoresce-
ine dye fills the PEDs exuding from the choroid. In this pathophysiologic concept,
increased permeability of the choroidal vessels is implied, caused by breakdown of the
blood ocular barrier by, e.g., inflammation (inflammatory PED) [47] or endovascular
damage by malignant hypertension or eclampsia (ischemic PED) [48]. However,
patients presenting with these type of PED are rare and this concept still has to be sub-
stantiated. See also chapter 9 (PED in systemic disease).

In contrast to this, pathophysiology of idiopathic PED like in central serous cho-
rioretinopathy (CSCR) is better understood. Here, overactivation of mineralocorti-
coid receptors by corticoids in the choroidal vessels is thought to lead to
hyperpermeability. This concept would fit the widespread belief that this illness is
triggered by increased exogenous and endogenous glucocorticoid levels [49]. Also,
it would explain the potential beneficial effect of mineralocorticoid antagonists
[50]. See also chapter 8 (PED in CSCR).

In these non-degenerative PED, water would have to be pressed by high hydro-
static pressure from the choroid to the sub-RPE room where it could accumulate.
However, hydrostatic pressure in the choroid seems to be somewhat lower than in
the vitreous body, rendering this rather unlikely. Another explanation might be an
increased osmolarity in the sub-RPE space as previously described for age-related
PED. Again, the underlying pathophysiologic process is unknown.

1.6 The Effect of RPE Detachment: Mesenchymal
Transdifferentiation of the RPE

Both the structural changes in Bruch’s membrane and the detachment of the RPE have
severe consequences for the structural integrity of the photoreceptor-RPE-choroid
complex. The main effect is the establishment of a diffusion barrier for an exchange of
molecules between these tissues. First of all, the supply of nutrients and oxygen is
disturbed, resulting in metabolic stress for both the photoreceptors and the RPE [9, 51].
Since the RPE’s function is required for photoreceptor function and structural integrity,
the reduced RPE function would impair photoreceptor function and ultimately lead to
loss of vision [2]. As already discussed above for the changes in Bruch’s membrane,
the inability to exchange signaling molecules has severe effects on the stability of the
choriocapillaris and the photoreceptors [52-54]. Driven by hypoxia, but also by the
changes in the extracellular matrix, the VEGF-A production can increase leading to
choroidal neovascularization. The reduced inhibition of the immune system further
supports these changes triggering local inflammation [55-57].

On the other hand, RPE detachment can set off severe changes in RPE differentia-
tion. The changed environment forces the RPE to increase its secretory activity [58,
59]. As an example, RPE cells isolated from choroidal neovascular membranes main-
tain a higher VEGF-A secretion in cell culture even over several passages [58, 59]. The
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mechanic stress resulting from fluid accumulation between RPE and Bruch’s mem-
brane leads to a loss of the RPE’s epithelial barrier function. Hence, a further transdif-
ferentiation of the RPE occurs towards a mesenchymal phenotype [60—62]. These
transdifferentiated cells do not form an epithelium any longer. They now show secre-
tion of growth factors known in scar formation as well as the ability to migrate. A key
factor in this mesenchymal transdifferentiation is the transforming growth factor-f3
(TGF-B). TGF-p promotes the transdifferentiation of RPE cells and can also be secreted
in an autocrine way by the RPE itself and promote formation of fibrovascular lesions
[60, 61, 63—65]. These effects seem to be linked to Bruch’s membrane disruption, as
laser coagulation leads to an increase in TGF-f production [66].

1.7 Summary

The cause and at the same time the consequence of RPE detachment are the gen-
eration of a diffusion barrier between the RPE and the choriocapillaris. Bruch’s
membrane seems to play a prominent role—at least in degenerative PED, where
structural changes lead to a reduction in hydraulic conductivity with increasing age
of individuals. In the first instance, the supply of oxygen and nutrients is reduced,
which decreases the metabolic function of the RPE and secondarily the photore-
ceptor function. This changes establish a pro-angiogenic and pro-inflammatory
environment. Finally, the reduced exchange of signaling molecules between the
neighboring tissues leads to inflammation, drusen formation and to choroidal neo-
vascularization. As a second severe effect, the RPE can undergo an increased TGF-f3
production and a transdifferentiation into a mesenchymal phenotype under mechan-
ical stress, leading to scarring and further thickening of the diffusion barrier. The
postulated hyperpermeability of the choroid and choriocapillaris—in idiopathic,
inflammatory and ischemic PED—and especially the trigger leading to this, still
has to be proven.
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Chapter 2
Imaging in Retinal Pigment Epithelial
Detachment

Seleman Bedar and Ulrich Kellner

2.1 Introduction

Retinal imaging is critical in the evaluation of patients with PED. For many years,
retinal specialist could only use ophthalmoscopy, fundus photography, and fluores-
cein angiography (FA) as imaging tools in retinal diseases. In recent years, there
have been major advances in digital imaging systems that enhance the evaluation of
patients with retinal diseases, such as indocyanine green angiography (ICGA),
infrared imaging (IR), fundus autofluorescence (FAF), multi-color spectral-imaging
(MC), optical coherence tomography (OCT), and OCT-angiography (OCTA). These
advancements have improved our understanding of various retinal diseases includ-
ing PED. The following chapter reviews retinal imaging techniques used in patients
with PED and highlights benefits and limitations of each imaging technique. It is
important to emphasize that all of the following imaging tools do not replace a care-
ful ophthalmoscopy but work as an addition.
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2.2 Angiography
2.2.1 Fluorescein Angiography

FA is an imaging modality to depict retinal and choroidal circulation after intrave-
nous injection of fluorescein dye. It is used to visualize dynamic processes in the
retinal and choroidal blood system. It is the leading imaging tool for the diagnosis
of many vascular and exudative retinal or choroidal disorders. Fluorescein dye is
well tolerated in most patients, but FA is an invasive procedure with possible side
effects, including transient nausea, vomiting, and rarely anaphylaxis. The incidence
of mild side effects is about 8%, moderate side effects occur in 1-2%, and severe
side effects like anaphylaxis are rare. Fluorescein dye is eliminated through the
kidney, so it has to be used with caution in patients with impaired renal function.
Examination takes about 5—10 min and in special cases eventually longer. Through
the introduction of the noninvasive OCT, especially the high-definition spectral
domain OCT (SD-OCT), FA has lost its importance as follow-up technique in
patients with exudative macular diseases. Here, it is only used when new findings
are present or in cases where visual acuity and clinical and OCT findings don’t
match.

The typical early presentation of serous / predominantly serous PED in FA is a
disc-shaped hypofluorescence in the region of the RPE detachment with delayed
ring-like hyperfluorescence and progressive pooling beginning from the rim of the
PED, which is sharply demarcated, and increasing until the late phase (Figs. 2.1e—f
(left images), and 2.4e—g (left images)). This classic pattern of FA in PED can have
additional special features depending on the cause of PED. Serous PEDs in patients
with AMD are often related to CNV, most frequently occult CNVs, resulting in
“vascularized” or “fibrovascular” PEDs) (Figs. 2.2, 2.3, 2.4, 2.5 and 2.6). In these
cases early, irregular progressive leakage, suggestive of occult CNV is seen either
in one specific location at the rim of the PED or allover it, filling it out completely.
A “notch” in the PED is a very high indicator for an occult CNV beneath the RPE
(Fig. 2.2e-g (right images) and 2.6d-e). Rarely, a serous PED is associated with
classic CNV. CNVs are often seen at the border of the PED (Fig. 2.2, 2.6) and
seldom within the RPE detachment (Figs. 2.3 and 2.5).

2.2.2 Indocyanine Green Angiography

ICG is a fluorescein dye which enables specific analysis of the choroidal circu-
lation. Like FA, it is also administered intravenously but in contrast to FA it is
eliminated through the liver. ICG contains sodium iodide and therefore should
be avoided in patients with iodide intolerance. For many retinal diseases, it is
considered to be a secondary imaging test, but it can be very helpful in some
cases of PED. It takes 10-20 min to perform an examination because the late
phase of ICGA occurs later compared to FA. It is one of the most important
imaging techniques in patients with idiopathic polypoidal choroidal
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Fig. 2.1 Serous PED (61 year old female patient) (a) MultiColor image delineates the PED with
a mild greenish area in the lower part of the PED (b) FAF image with a slightly increased FAF
signal within the PED and a darker area delineating the rim of the PED due to relative blockage
caused by subretinal fluid. (¢) NIA image with increased intensity at the border of the PED but
blockage of the usually high NIA intensity in the foveal area (d) NIR (left) & SD-OCT image
showing a central elevation with fluid beneath the RPE and subretinal fluid next to the PED. There
is denser material beneath the RPE, the choroidal layers are blocked due to the high elevation.
(e) FA (left) & ICGA (right) at 33 sec: Both show early hypofluorescence. (f) FA (left) & ICGA
(right) at 5.41 min: FA shows late staining at the border of the PED area while ICGA shows per-
sistent hypofluorescence of the PED. As seen in the other images, the lesion extends irregularly at
the lower end of the PED. The parapapillary lesions are not connected with the PED
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Fig. 2.1 (continued)
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Fig.2.2 Vascularized PED with prominent serous portion (75 year old male patient) (a) MultiColor
image presenting a central greenish elevation with multiple red spots (b) FAF image with decreased
FAF intensity at the lower PED border and increased and decreased FAF within the PED (c¢) NIA
image with multiple areas of increased NIA within the PED (d) NIR (left) & SD-OCT image pre-
senting a huge PED with dark intraretinal spots corresponding to the red spots in MultiColor and
the spots of increased FAF and NIA material. The content of the PED is predominantly serous
(hyporeflective). Subretinal fluid as well as a thickening of the sub-RPE-complex suggestive of
CNV is present on the nasal side. The choroidal layers cannot be visualized due to the high eleva-
tion of the PED. (e) FA (left) & ICGA (right) at 59 sec: Early hypofluorescence within the PED (f)
FA (left) & ICGA (right) at 3.24 min: FA shows variable fluorescence within the PED and tempo-
ral staining. ICGA shows hypofluorescence. (g) FA (left) & ICGA (right) at 9.33 min: There is
limited change to the previous image. However, in all angiography images, some irregularities are
evident between PED and optic nerve head, in the region where the CNV was suspected in
SD-OCT.
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Fig. 2.2 (continued)
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Fig. 2.2 (continued)
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Fig. 2.3 Fibrovascular PED. (a) Fundus picture showing disc-shaped PED with slight pigment
clumping (b) FA early frame showing fine vascular network, the stippled hyperfluorescence
increasing to the late frame (¢) with slight leakage in the temporal part of the PED. (d) ICGA early
frame depicting the feeder vessel of the fibrovascular network, (e) ICGA late frame showing plaque
formation. (f) Another patient: NIR (left) and SD-OCT image showing an irregular PED with shal-
low slopes and middle-reflective material beneath the RPE (fibrovascular material).
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Fig. 2.4 PED with temporal retinal pigment epithelium rip. (a) FAF prior to RPE rip: classic
signs of PED with an increased FAF within the PED, a darker area delineating the PED and a
ring of increased FAF at the border of the subretinal fluid. Small subretinal hemorrhage at the
lower temporal border of the PED (b), (¢) FA at 33 sec and 7.28 min prior to RPE rip with cen-
tral hypofluorescence within the PED and increasing mild stippled hyperfluorescence in the
superior part of the PED in the late frame. (d) NIR (left) & SD-OCT image prior to RPE rip.
NIR delineates the area of PED and subretinal fluid. The SD-OCT shows double elevated PED
with subretinal fluid between the elevations as well as peripheral. (e) MultiColor image with a
macular elevation indicated by the green color and an irregular red area corresponding to the
increased near-infrared reflectance in the area with retracted RPE. (f) FAF after tearing of RPE
showing an increased FAF in the area with retracted RPE and a markedly decreased FAF tempo-
ral in the area of absent RPE. (g), (h) FA at 1.06 and 7.05 min min after RPE rip with blockage
in the area of the retracted RPE and hyperfluorecence in the area of the rip. Hyperfluorescent
spots are visible at the nasal border of the PED. (i) NIR (left) & SD-OCT image. NIR shows
increased reflectance from the retracted RPE and the folds of the RPE. SD-OCT shows a central
fibrovascular PED with an absence of RPE at the temporal border of the PED in the area with
subretinal fluid.
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Fig. 2.4 (continued)
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Fig. 2.4 (continued)

vasculopathy (PCV) or retinal angiomatous proliferation (RAP), which are both
causes for developing PED. It also helps to identify the “feeder vessel” in cho-
roidal neovascularization.

As a general rule in ICGA, a serous PED appears hypofluorescent in the early
and late phase due to the blockade-effect of the subretinal fluid accumulation and
the higher affinity of the dye to plasma proteins, preventing extravasation of the dye
(Figs. 2.1e—g, 2.3e—f, and 2.4d—e). Depending on the cause of the PED, some addi-
tional signs can be seen:

PCV: ICGA can demonstrate vascular ectasies, which are most likely located
temporal to the optic disc (Fig. 2.4d—e). Since FA masks ectasies due to extravasa-
tion of the dye, ICGA is superior to FA in PCV imaging.

RAP: ICGA can help in distinguishing retinal from choroidal vascular
pathologies and is used as an additional imaging technique to demonstrate reti-
nochoroidal anastomoses.

Occult CNV: ICGA can show variable results in occult CNV. It can lead to
hyperfluorescence in the middle and late phase. As mentioned above, it may help to
identify “feeder vessels.”
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In all three diseases (PCV/RAP/occult CNV), the so-called “hot spots” may be
seen. Hot spots are small localized hyperfluorescences in the middle and late phase
of ICGA (Fig. 2.1f). They are usually smaller than one optic disc diameter.

2.2.3 Angiography Summary

Angiography Pros:

— Best technique for visualization of leakage (FA)

— Distinction of CNV and different types of CNV

— Long-standing experience as imaging techniques

— Valuable in making the correct initial diagnosis in retinal diseases

— Best techniques for the evaluation of central AND peripheral retinal (FA) and
choroidal (ICGA) circulation

Angiography Cons:

— Invasive procedure with possible side effects
— Time-consuming (ICG more than FA)

2.3 Spectral Domain Optical Coherence Tomography

SD-OCT is a noninvasive imaging technique which uses reflected light to produce
detailed images of ophthalmic structures resulting in three-dimensional anatomic
information about retinal layers, RPE and choroid. Nowadays, it is the most com-
monly used imaging technique in retinology. “Spectral domain” OCT (SD-OCT) is
the latest generation of OCTs and works much faster and gives more detailed
images compared to the first generation of OCT, which was called “time domain”
OCT. Modern devices combine SD-OCT with confocal scanning laser ophthalmo-
scope (cSLO) (Spectralis HRA/OCT, Heidelberg Engineering). They use simulta-
neous recording of both techniques, which allows comparison of cross-sectional
OCT findings to fundus images. In recent years, SD-OCT has mostly replaced FA

<
<

Fig. 2.5 Mixed hemorrhagic and serous PED in exudative AMD (74 year old female patient)
(a) MultiColor image with a PED visualized in green with two red hemorrhagic spots inside the
PED (b) FAF image with blockage in the areas of the hemorrhages, increased FAF intensity cen-
trally surrounded by decreased autofluorescence in the region of subretinal fluid (¢) NIR (left) &
SD-OCT image demonstrating serous PED with accompanying marked intra- and subretinal fluid
(d) FA at 54 sec with early staining indicating a paracentral CNV. (e) FA at 5.58 min demonstrat-
ing a CNV with leakage, late pooling in the PED and cystoid macular edema. Notice the notch at
border of the PED. This could also be well a RAP lesion (see chapter 5). For final diagnosis, a
ICGA should be performed.
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Fig. 2.6 (continued)

as standard technique for follow-up examination and monitoring therapeutic suc-
cess of patients with exudative macular disorders (e.g., anti-VEGF therapy in
AMD or diabetic/vascular edema). Limitations of SD-OCT include the impossibil-
ity to visualize active leakage in CNV.

SD-OCT oftentimes makes it possible to distinguish between different types of
PED (serous/fibrovascular/drusenoid/hemorrhagic/mixed types). All of them have
the detachment of RPE basement membrane and RPE from the remaining Bruch
membrane in common. However, differences exist concerning the inner reflectivity
and the morphology at the PED border:

Serous PED shows a sharp and steep border on OCT tomographic images (Figs. 2.1d,
2.3d,2.4c, and 2.5¢). They tend to have a “bubble like” appearance in OCT with smooth
curved surface and lower reflectivity inside the “bubble.” Depending on the content of
the serous fluid, reflectivity can vary from very low to low. Completely serous PEDs in
which no CNV can be demonstrated in either technique are very unusual, especially in
AMD. One possible pathomechanism for serous PEDs are CNVs, which often can be

<<
<

Fig. 2.6 Serous PED in PCV (74 year old female patient) (a) MultiColor image shows a dark red
area with well-defined borders corresponding to a hemorrhagic PED. In addition peripapillary
lesions are present. (b) FAF image with a decreased FAF signal due to blockage in the PED.
Peripapillar region with increased FAF intensity indicate an area with previous subretinal fluid .
(¢) NIR (left) & SD-OCT image presenting a prominent central serous PED and a smaller serous
PED in the peripapillar region. Subretinal fluid is visible above the central PED. (d) FA (left) &
ICGA (right) at 1.22 min: Both show early hypofluorescence within the large PED, which is more
clearly seen in the ICGA. Early hyperfluorescence is present in the peripapillary area, where ICGA
identifies several hyperfluorescent spots. (e) FA (left) & ICGA (right) at 10.19 min: FA shows late
staining of the PED area and increased peripapillary hyperfluorescence. ICGA shows hypofluores-
cence within the large PED and staining in the peripapillary region. A notch is visible at the supe-
rior temporal border of the PED
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visualized only by ICGA. This leads to a mixed type of PED with serous and fibrovas-
cular parts, called vascularized PED (Fig. 2.5¢). Sometimes, the vascularized part of
the PED is visualized in OCT as a “second” smaller and irregular PED with medium
internal reflectivity, adjacent to the main serous PED.

Fibrovascular PED show a flat border, which oftentimes precludes exact local-
ization of PED rim, and a bumpy or wavy surface. Internal reflectivity is medium
high and irregular (Fig. 2.2c).

Drusenoid PEDs are formed by confluent soft drusen in the macular region. They
are moderately reflective structures underneath the RPE band (Fig. 2.7¢c).

Hemorrhagic PEDs show an average to high internal reflectivity and mostly a
smooth surface, with sub- or intraretinal hemorrhage in addition to the RPE detach-
ment (Fig. 2.6¢). Hemorrhages can lead to low reflectivity of the underlying chorio-
capillaris. A pathognomonic sign in cases of PCV are hemorrhagic PEDs presenting
with a blood level in their lower part (Fig. 2.8).

PED types can change over the time of the disease and should not be classified
just based on the SD-OCT. Fundoscopic and angiographic examination is always
mandatory.

2.3.1 SD-OCT Summary

SD-OCT-Pros:

— Best technique for detailed anatomic information of the posterior pole

— Fast and noninvasive

— Gold standard for follow-up examinations of patients with exudative disorders
(e.g., PED)

— Very useful in differentiation of PED subtypes

SD-OCT-Cons:

— No visualizing of active leakage

— Inferior in specific diagnosing retinal and choroidal vascular disease

— Difficulties in myopic patients

— Reduced resolution in imaging of peripheral retinal structures (only possible in
wide-angle mode)

»
'

Fig. 2.7 Drusenoid PED (78 year old male patient) (a) MultiColor image with multiple soft con-
fluent drusen (b) FAF with variably increased FAF intensity corresponding to the drusen (¢) NIR
(left) & SD-OCT image with multiple moderate dense deposits beneath the RPE forming a PED
(d) FA at 48 sec shows mild staining of the drusen (e) FA at 3.53 min: shows mild staining without
any change during the course of the FA



2 Imaging in Retinal Pigment Epithelial Detachment 29




30 S. Bedar and U. Kellner

Fig. 2.8 Chronic stage of PCV in the right eye of a patient with extensive submacular scarring and
prominent hemorrhagic PED temporal to the macula with pathognomonic blood level in its lower
part (image courtesy of M.A. Gamulescu)

2.4 OCT-Angiography

OCTA is one of the newest techniques in retinal imaging modalities. It uses motion
contrast to compare the decorrelation signal between sequential OCT B-scans taken at
the same cross-section in order to visualize retinal and choroidal vasculature. This
concludes that areas of motion appear white and vice versa (e.g., vascular blood flow
appears white and tissue or static hemorrhages or serous leakage are dark). Advantages
compared to standard FA and ICGA are that it is faster, noninvasive, and that it does
not require the use of intravenous dye. It helps to visualize retinal and choroidal capil-
lary vasculature in real time, which could be used to detect early disease activity in
diabetic retinopathy, vascular diseases, or AMD. Disadvantages include the inability
to view leakage, increased potential for artifacts, problems with correct segmentation
of layers, and limited field of view. Further studies are needed to determine if OCTA
can be established as an important imaging modality in PED.

24.1 OCTA Summary

OCTA-Pros:

— Noninvasive and fast tool to visualize retinal and choroidal vasculature even in
miosis
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— Three-dimensional imaging technique
— Segmentation in several layers of retinal and choroidal vasculature

OCTA-Cons:

— Limited field of view

— Lack of experience

— Segmentation accuracy limited

— Inability of detecting leakage

— Increased potential for artifacts, especially in PED and in highly myopic patients

2.5 Autofluorescence

2.5.1 Fundus Autofluorescence

FAF uses the distribution of lipofuscin in the RPE cells as a parameter for assessing
RPE structure. It is a noninvasive procedure which reflects the metabolic state of the
RPE. FAF has its highest efficiency obtained with short-wavelength fundus auto-
fluorescence (SW-FAF) from 480 to 540 nm. In normal eyes, FAF is known to be of
low intensity with a reduced signal in the foveal area, due to the absorption of luteal
pigment. In numerous retinal diseases, morphological abnormalities can be detected
by FAF before they become visible on ophthalmoscopy (e.g., retinitis pigmentosa,
chloroquin retinal toxicity, geographic atrophy). It has therefore been widely used
in the diagnosis of non-exudative retinal diseases. For example, pathological FAF at
the borders of atrophic lesions in dry AMD is of key importance to predict the devel-
opment of the disease. Modern FAF systems use confocal scanning laser ophthal-
moscope (cSLO) and combine it with spectral domain optical coherence tomography
(SD-OCT) (e.g., Spectralis HRA/OCT, Heidelberg Engineering, Heidelberg,
Germany).

FAF imaging in eyes with PED shows variable FAF phenomena: Depending on
the composition of subpigment epithelial fluid, the FAF signal over the lesion can
be increased, decreased, or unchanged. The majority of PEDs show an increased
FAF signal over the lesion, surrounded by a well-defined less autofluorescent halo
delineating the entire border of the lesion (Figs. 2.1c and 2.3b). PEDs with decreased
FAF signal over the lesion can correspond to areas of RPE atrophy or fibrovascular
scarring (Figs. 2.2b and 2.4b). Rarely, PEDs show cartwheel pattern with hyperpig-
mented radial lines and a diminished FAF signal between those lines. This FAF
pattern is highly indicative of drusenoid PEDs (Fig. 2.7b). Some PEDs show chang-
ing FAF phenomena over time: Starting with decreased FAF signal early after
development of PED and developing an increased FAF signal after months of per-
sistent PED, due to changes in the composition of the subretinal fluid.
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2.5.2 Near-Infrared Autofluorescence

Near-infrared autofluorescence (NIA) uses the distribution of melanin in the RPE
cells to assess RPE structure. Melanin granula are mainly located in the foveal area
with decreasing intensity paracentral. The quantity of melanin granula towards the
periphery is constant. Melanin is an effective absorber of light and has therefore a
protective effect on RPE cells. NIA uses a different excitation wavelength compared
to FAF (787 nm). In contrast to FAF, NIA in normal eyes shows the highest intensity
under the fovea with a decrease towards the border of the macular and is then
unchanged towards the periphery. Its usage is similar to FAF, which includes heredi-
tary and non-exudative macular disorders. NIA in PED shows a reduced signal due
to blockage of the normally centrally high intensity of NIA (Fig. 2.3c). The border of
PED can often be visualized in NIA with an increased intensity (Figs. 2.1c and 2.3c).

2.5.3 Autofluorescence Summary

Autofluorescence Pros:

— Noninvasive fast way to demonstrate certain retinal and/or choroidal pathologies
— Very useful in hereditary disorders
— Complementing techniques for different issues

Autofluorescence Cons:

— Heterogeneous signs in PED
— No leakage visualization
— No differentiation of PED types

2.6 Spectral Reflectance Imaging

Spectral reflectance imaging (SRI) are noninvasive techniques using different wave-
lengths to evaluate the retina and choroid by measuring the unfiltered reflected light.
Different wavelengths are reflected from different structures and therefore reveal
information about different retinal and choroidal structures.

2.6.1 Blue Reflectance

Blue reflectance (BR) uses a wavelength of 486 nm. This technique is useful for
visualizing pathologies of the retinal surface, e.g., epiretinal membranes or nerve
fiber layer defects (Fig. 2.2al).
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2.6.2 Green Reflectance

Green reflectance (GR) uses a wavelength of 518 nm. This technique is also useful
for visualizing pathologies of the retinal surface, but in contrast to BR it penetrates
deeper in the retina and in addition gives more information about intraretinal struc-
tures (Fig. 2.2a2).

2.6.3 Near-Infrared Reflectance

Near-infrared reflectance (NIR) uses a wavelength of 810 nm. This technique is
very comfortable for the patient due to lowest glare and allows examination in unco-
operative patients and media opacities. NIR penetrates mostly through the retina
and provides detailed information about the border between retina and RPE as well
as the choroid. NIR shows the circumference of PED most clearly (Fig. 2.2a3).

2.6.4 Multi-Color Scanning Laser Imaging

Multi-color scanning laser imaging uses a combination of the before mentioned
wavelengths to create a multi-color image. Compared to fundus photography it
shows retinal pathologies with more detail.

Marked PEDs appear green in MC due to the relative blockage of the near-
infrared wavelength which is very useful in PED imaging (Figs. 2.1a, 2.2a, 2.3a,
2.5a, 2.6a, and 2.9a). It is therefore a superior imaging tool in PED imaging
compared to fundus photography. In addition, the combination of wavelengths in
the MC image allows a better definition of lesion borders.

2.6.5 Spectral Reflectance Imaging Summary

SRI-Pros

— More detailed imaging of retinal diseases compared to fundus photography
Imaging through pupil in miosis

Possible simultaneous SD-OCT

— Characteristic green color in PED

SRI-Cons:
— More operator dependent than fundus photography

— No leakage visualization
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Fig. 2.9 Hemorrhagic PED in exudative AMD (78 year old female patient) (a) MultiColor image
with a central intraretinal hemorrhagic lesion surrounded by a circular detachment indicated by the
greenish color. In addition exudates temporal of the macula are visible. (b) FAF image with a
decreased FAF intensity due to blockage in the area of PED and exudates (¢) NIR (left) & SD-OCT
image with PED detachment and massive subretinal material centrally and intra- and subretinal
fluid temporally (d) FA at 25 sec shows blockage by the PED and the exudates (e) FA at 1.01 min
develops a hyperfluorescence in the temporal lower part of the PED. (f) FA at 6:41 min shows
progressive hyperfluorescence indicating a CNV and staining in the PED except for the blockage
by the hemorrhage and the exudates
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/

Fig. 2.9 (continued)

2.7 Summary

Different imaging techniques are available to evaluate different features of
PED. Usually, the combination of some but not all of these methods is required to
distinguish different forms of PED and for the follow-up during treatment. SD-OCT
is the most important and widespread imaging technique, which is a fast and nonin-
vasive tool to differentiate PED subtypes and for follow-up examinations of exuda-
tive disorders. FA and ICGA are used to detect and localize CNVs and are important
techniques in diagnosing PEDs related to PCV and RAP. FAF, NIA, and SRI are
complementing techniques in PED diagnostic. OCTA is a new imaging modality,
which is not established yet in the diagnostic of PED patients.



Chapter 3
Retinal Pigment Epithelial Detachment
in Age-Related Macular Degeneration

Albrecht Lommatzsch

3.1 Introduction

Age-related macular degeneration (AMD) is the most common cause of blindness
defined by law, in the western world, its late stages having a reported frequency of
12% [1]. It is a complex disease of the central retina with a prevalence of 30% in the
population aged over 80 years.

Demographic developments and extended life expectancy in modern industrial-
ized nations potentiate the problem for the future. AMD is a metabolic disorder of
the photoreceptors and the retinal pigment epithelium (RPE) with accumulation of
lipofuscin granules in the retinal pigment epithelial cells and increased deposits in
Bruch’s membrane (drusen). In addition to age, it is also assumed to be caused by a
genetic disposition and by environmental factors [2].

On the basis of existing pathogenetic concepts, AMD is subdivided into an early
form and late forms. In late AMD, a distinction is made between the atrophic and
the exudative type.

In patients with exudative AMD, choroidal neovascularization (CNV) extends
under and through the RPE. The characteristic clinical signs of this type of AMD are
lipid deposits, subretinal hemorrhage, and accumulation of intraretinal and subretinal
fluid [3, 4]. Pigment epithelial detachment (PED) can occur and is differentiated into
serous, vascularized, and fibrovascular PED. In PED, the pigment epithelium
detaches from the remaining layers of Bruch’s membrane along with its basal mem-
brane [5]. The characteristic clinical sign is a prominent lesion, usually round. It has
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proved useful in the past to regard PED as a special type of occult neovascularization,
as this morphological subgroup of occult CNV differs from the other late forms of
AMD with associated CNV in terms of the natural course of the disease and the
response to various treatment methods [5, 6].

Possible prognostic factors for treatment success can be identified using modern
diagnostic methods such as spectral domain (SD) OCT imaging and
OCT-angiography. A tear in the RPE is a feared complication in patients with PED
(see Chapter 7), as extensive subretinal hemorrhage can occur along with severe
deterioration of vision.

In early forms of AMD, large confluent drusen can result in the so-called
drusenoid PED (see Chapter 4). A CNV cannot be demonstrated in these patients by
angiography or on OCT scan.

In connection with exudative AMD, the occurrence of PED may also be associated
with retinal angiomatous proliferation (see Chapter 5), or polypoidal choroidal vascu-
lopathy (see Chapter 6).

3.2 Epidemiology

Around 30-50 million people throughout the world suffer from AMD, of which approx-
imately 10-15% have neovascular AMD [7, 8]. In Germany, the numbers amount to
270,000—485,000, with an additional 35,000-50,000 new cases occurring each year
[8, 9]. The risk of developing exudative AMD increases with age. While 0.5-1.0% of
60-year-olds are affected, the prevalence of exudative AMD increases to 10-15%
among 85- to 90-year-olds [8]. The second eye may also be affected by neovascular
AMD, with a risk of 12% within a year and 27% within 4 years [10]. PED occurs as a
specific morphological manifestation in around 10% of all patients with exudative
AMD [5, 6]. With the currently increasing use of high-resolution, three-dimensional
imaging, an even higher proportion of PED in AMD patients can be assumed.

3.3 Pathogenesis

Histologically, in PED, the RPE detaches from the inner collagen fiber layer of
Bruch’s membrane along with its basal membrane.

As this process is often associated with choroidal neovascularization (CNV), a
disc-shaped scar may subsequently arise in the long term. In serous or drusenoid
PED, RPE and photoreceptor cells may die by apoptosis with consecutive formation
of an atrophic area [11-13].

As shown in studies using electron microscopy and light microscopy, Bruch’s
membrane becomes thicker in connection with AMD [13]. Increasing thickness can
be observed even during the normal aging process of the RPE and Bruch’s membrane
[14]. However, the authors of this study found high individual fluctuation in the
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parameters studied and suggested that around half of the increase in thickness was
due to natural aging, and the other half to factors such as genetic disposition and
environmental factors [15, 16]. The increase in thickness of Bruch’s membrane is
associated with a reorganization of the layered structures of Bruch’s membrane (see
also Chapter 1). While there are five clearly separate layers in young people, these
clear layers become less distinct with increasing age, and increased deposits of
membrane particles and particles of a higher density are observed, as are increased
links between structures [15]. These structural changes are associated with a change
in the biochemical composition and the physical and physiological characteristics
of Bruch’s membrane [14]. In the course of these changes, diffuse (basal laminar
and linear drusen) or localized deposits (soft drusen) may occur as signs of early
AMD [17].

Central ideas about pathogenesis are derived from the theory of the reduced
hydraulic conductivity of Bruch’s membrane, increasingly acting as a hydrophobic
barrier. This is caused by a multitude of factors: progressive lipid deposits and col-
lagen cross-linking as well as a change in the composition of tissue-degrading
enzymes and their inhibitors. On the basis of this, the association between neovas-
cularization and unaltered RPE pump activity can lead to the formation of PED as
part of exudative AMD.

In addition to collagen cross-linking, calcification of Bruch’s membrane may
occur, beginning in the elastic layer [18]. This study extrapolated that the hydraulic
conductivity of Bruch’s membrane is reduced by the sum of the age-related changes
to the extent that passage would theoretically no longer be possible by the age of
130 years.

Furthermore, the so-called integrins on the surface of RPE cells and laminin
play a decisive role in the formation of PED as adhesion proteins between the
basal membrane of the RPE cell layer and the inner collagen layer of Bruch’s
membrane. In addition to age-related changes in the expression of various integrin
subunits in RPE cells, the correct alignment of the integrin subunits is also crucial
for the strength of adhesion [19]. An altered integrin expression pattern of the
RPE may also be an early risk factor for PED formation. Decreased expression
and abnormal alignment of integrin subunits may also explain problems with
reattachment of the RPE after the PED has flattened. In addition, the amount of
laminin in the retina changes with age [20], with laminin 5 being particularly
important for RPE adhesion.

It was originally assumed that the serous secretion that forms a PED originates
from a permeable choriocapillaris or from abnormal ingrowth of blood vessels [21].
If the PED is associated with a CNV or a retinal angiomatous proliferation and
growth through the RPE, these unstable irregular vessels may be the cause of the
accumulation of fluid under the RPE. However, a PED is not necessarily associated
with a CNV [22]. The flow of fluid from the vitreous cavity through the retina
towards the choroid is physiologically determined by the net transport of ions by the
RPE and the barrier function of the RPE [23]. Experiments with isolated RPE layers
in dogs showed that even a high hydrostatic pressure gradient cannot change the
flow of fluid through an intact RPE against this gradient. The pump action of the
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RPE may thus conceivably be strong enough to detach the RPE by fluid accumula-
tion from Bruch’s membrane underneath it, which becomes increasingly hydropho-
bic with age [24] (see also Chapter 1). The fluid under the PED in exudative AMD
must therefore originate both from permeable blood vessels and from RPE cells
although the exact share of each cannot be determined.

3.4 C(linical Examination

The characteristic clinical signs of PED include a typical prominent lesion, usu-
ally round, at the posterior pole. Indirect stereoscopic ophthalmoscopy is an
effective method to evaluate the lesion. Subretinal fluid can often also be seen.
Small marginal subretinal hemorrhages can also be observed in red-free light,
indicating an associated CNV. In connection with exudative AMD, the clinical
signs of PED also include drusen, pigment epithelial displacement, and atrophic
spots.

Extensive subretinal hemorrhaging in patients known to have AMD is often
caused by a tear in the RPE [25]. Isolated sub-pigment epithelial hemorrhages from
a CNV may also show the clinical signs of PED, but these PED are more darkly
colored.

The characteristic clinical signs of retinal angiomatous proliferation (RAP)
with PED are small intraretinal hemorrhages associated with the PED. There are
typically vessels converging on the center of the PED that do not alter their caliber
and grow into deeper layers of the retina in the center as far as the RPE. Due to
the high degree of bilaterality of RAP, it is important to carry out a thorough
examination of the second eye to detect early stages of RAP (Fig. 3.1) [26]. See
also Chapter 5.

Typical clinical signs of PCV are multiple lesions such as subretinal hemor-
rhages in several places, drusen, PE proliferation, and not infrequently several small
and larger PEDs. In most cases, the PED is found in the papillomacular region
(Fig. 3.2) [27]. See also Chapter 6.

3.5 Imaging

Fluorescein and indocyanine green angiography as well as SD-OCT imaging can be
used to detect pathological changes in AMD and its differential diagnoses reliably in
three dimensions. A vascularized PED is typically seen in the early phase of angiography
as a hypofluorescent, usually round lesion. If there is an associated occult CNV, this
stains early on, usually as a marginal “notch,” most clearly visible in indocyanine green
angiography. In contrast, the serous part of the PED shows considerably delayed
hyperfluorescence in fluorescein angiography and only begins to stain in the late
frames, while it remains hypofluorescent throughout the whole course of indocyanine
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Fig. 3.1 RAP. (a) PED associated to a RAP-lesion with central intraretinal hemorrhage (b) FA and
ICG angiography of the middle phase with typical hypofluorescence of the PED and hyperfluores-
cent staining of the retinal proliferative complexes (c) increasing fluorescein flow in the FA and
even better imaging of RAP in the ICG uptake (d) SD-OCT image with illustration of PED and the
retinal angiomatous complex centrally above the PED
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Fig. 3.1 (continued)

Fig. 3.2 PCV. FA und ICG imaging in early and late phase (a, b) with typical cluster-like changes
in the choroid and an associated PED. SD-OCT imaging (c) with the typical domeshaped and
middle-reflective PED representing the polypoidal lesion (/eft) adjacent to a serous PED (right)
and subretinal fluid
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Fig. 3.2 (continued)

green angiography (see also Sect. 3.7). A fibrovascular PED would show stippled
hyperfluorescence increasing in the late frames with only minimal leakage.

Classification of PED in AMD is not always clear-cut in the literature. It is based
on angiographic findings and is thus subdivided into the following [28, 29]:
drusenoid PED, serous PED, vascularized PED and fibrovascular PED.

3.6 Drusenoid PED

Soft drusen are dynamic, i.e., they may regress in size or may become larger and
coalesce. On funduscopy, yellowish-grayish disc-shaped changes are observed,
some of which are marked by isolated secondary pigmentary alterations (Fig. 3.3).
If several drusen become confluent over a larger area (>1000 pm), this may lead to
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Fig. 3.3 Drusenoid PED. (a) Fundus image of a drusenoid PED with confluent drusen perifoveo-
lar (b) Fundus autofluorescence (FAF) with increased FAF in the PED as a sign of lipofuscin
accumulation (¢) SD-OCT—image in the central section without intraretinal or subretinal fluid (d)
FA, middle phase, PED shows only slight and hardly dicscernible fluorescein accumulation
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clinically visible drusenoid PED. The increased barrier function of these confluent
deposits and at the same time a disturbance in the pump action of the RPE may also
result in hybrid forms with serous PED components [5, 29, 30]. Drusenoid PED
shows only slightly increasing hyperfluorescence on fluorescein angiography and
remains hypofluorescent on indocyanine green angiography. OCT shows typical
dome-shaped appearance with medium internal reflectivity. See Chapter 4.

3.7 Serous PED

Purely serous PED formally consists of a detachment of the RPE without detect-
able CNV. Clinically, it is clearly visible on funduscopy as a detachment of the
RPE and thickening of the macula. The presence of soft drusen is associated
with a heightened risk of progression of AMD. In terms of the diagnosis, an
attempt should be made to rule out CNV using fluorescein and indocyanine
green angiography. On fluorescein angiography, due to the fluorescein slowly
accumulating in the PED from the edge, a typical ring-shaped hyperfluores-
cence is observed, which increases in intensity in the course of time and may
eventually fill out the entire PED in the form of a disc, but does not show any
leaking. On OCT, a clearly defined, steep and usually smoothly delimited echo-
free PED and, depending on the height of the fluid cushion, shading of the cho-
riocapillaris are seen. Purely serous PED is fairly uncommon in patients with
AMD. Usually, no intraretinal fluid can be seen; occasionally there is a thin
subretinal film of fluid at the edge and at the apex of the PED (Fig. 3.4). As long
as an active CNV cannot be detected, no treatment option is available.
Particularly if there is an intraretinal edema, however, a thorough examination
should always be performed again to detect an accompanying CNV and to rule
our RAP lesions (see also Chapter 5), as this would have consequences for the
choice of treatment [28]. In purely serous PED associated CN'V can also develop
in 25-30% of cases, therefore, close monitoring control should always be per-
formed [31, 32].

3.8 Vascularized and Fibrovascular PED

If the PED is partially or completely filled with fibrovascular material, it is referred to as
a vascularized or fibrovascular PED, respectively. Vascularized or fibrovascular PEDs
are considerably more common than the aforementioned purely serous PEDs. Due to
the presence of a CNV, they are classified as occult CNV. The CNV grows underneath
the RPE (occult = hidden) and thus results in the detachment of the RPE from Bruch’s
membrane. On fluorescein angiography, fibrovascular PED demonstrates a slow and
partly dotted hyperfluorescence and leakage in the late phase (Fig. 3.5, and Chap. 2
Fig. 2.3). ICG angiography may enhance visualization of CNV associated with PED in
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Fig. 3.4 Serous PED. (a) Dome-shaped PED in macular region, surrounded by some small drusen.
(b) FAF showing increased autofluorescence throughout the PED with hypo-autofluorescence in the
foveal region and at the margin. (c¢), (d) FA early and late frame depicting the initial hypofluores-
cence of the PED with slow and ringlike filling from the margin. (e), (f) ICGA early and late frame:
hypofluorescence troughout the whole examination. No sign of CNV can be detected. (g) SD-OCT
showing purely serous PED with steep borders and only a slight film of subretinal fluid at the apex
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Fig. 3.4 (continued)

Fig. 3.5 Vascularized PED. (a) Fundus image with a central circular PED and peripheral single
drusen (b) FAF recording with typical increased FAF (c¢) FA with hypofluorescent PED in the
middle phase and a marginal hyperfluorescence as an indication for an occult CNV, right ICGA
with typical hypofluorescence (d) SD-OCT image subretinal fluid because of CNV is shown
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Fig. 3.5 (continued)

AMD, sometimes showing the feeder vessel of the CNV in the early frames and a
plaque-like hyperfluorescence in the late frames.

Especially the differentiation of occult CNV associated with PED from RAP and
PCV is easiest using indocyanine green angiography (ICGA). In RAP, the intrareti-
nal proliferation can usually be seen as a hyperfluorescent dot (“hot spot”) in the
area of the CNV. PCV is typically characterized by distended cluster-shaped choroi-
dal hyperfluorescent vessels [26, 33] (see also Chapters 5 and 6).

Cross-sectional imaging using SD-OCT allows the height of a PED to be visual-
ized and quantified. In addition, as in exudative AMD, intraretinal and subretinal
fluid and hemorrhages can generally be visualized. Visualization of the sub-pigment
epithelial space results in very different findings. Hyperreflective layers under the
pigment epithelium are interpreted as fibrosis and are associated with the risk of an
RPE tear [34] (See also Chapter 7).

SD-OCT imaging is the diagnostic basis for assessing the course of disease
during treatment regardless of the particular subtype of PED and repeat treat-
ment protocol. It is based on the general activity criteria of CNV in patients with
AMD.

The surface of the PED may also take very different forms on OCT. A smooth,
stretched, dome-shaped surface should be distinguished from a wavy, multi-lobed
surface with one or more peaks, for example, as this too affects the risk of a tear in
the RPE. It was found that the risk for an RPE tear is highest in high, dome-shaped
PED with a smooth surface [35] (see Chapter 7).

Modern OCT-angiography (OCTA) is hoped to provide further insight into the
pathogenetic concept and better visualization of the sub-pigment epithelial space.
At present, exact and defined segmentation of the PED is still the methodologically
limiting factor, and it has not yet been definitively clarified which segmentation line
allows the best interpretation (Fig. 3.6, Fig. 3.7).
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Fig. 3.6 Vascularized PED associated with age-related macular degeneration in a 72-year-old
patient: (a) Multicolor image; (b) OCT; (¢) and (d) early phase FA and ICGA; (e) and (f) late phase
FA and ICGA; (g) en face OCTA image using sub-pigment epithelial segmentation shown in B-Scan
(h) Asterisk: notch seen in late phase FA and ICGA as well as in en face OCTA. Multiplication sym-
bol: flow artifacts in sub-pigment epithelial space as seen in en face OCTA
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Fig. 3.6 (continued)
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Fig. 3.7 Pigment epithelial detachment associated with age-related macular degeneration in a
74-year-old patient: (a) Multicolor image; (b) OCT; (¢) and (d) early phase FA and ICGA; (e) and
(f) late phase FA and ICGA; (g) Optovue Avanti en face OCTA image using sub-pigment epithelial
segmentation shown in B-Scan (h); (i) Zeiss Angioplex en face OCTA image using sub-pigment
epithelial segmentation shown in B-Scan (j); (k) Optovue Avanti en face OCTA image using
choroid capillaris segmentation shown in B-Scan (I); (m) Zeiss Angioplex en face OCTA image
using choroid capillaris segmentation shown in B-Scan (n); Asterisk: CNV seen in late phase FA
and ICGA as well as in en face OCTA
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Fig. 3.7 (continued)
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Fig. 3.7 (continued)
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3.9 Natural Course

Decline in visual acuity is a common outcome, with or without progression to
advanced forms of AMD [36]. In the natural course of the disease, after detachment
of RPE, the supply to the photoreceptors deteriorates. This is followed by apoptosis
of the sensory and RPE cells with the formation of an atrophic area or a disc-formed
scar. The detachment of the pigment epithelium can also lead to a rupture of the
pigment epithelium, with an often dramatic and acute deterioration of visual acuity.
The risk of an RPE tear in the natural course of the disease is given as 10-12%,
depending on publication cited [4, 6], see also chapter 7. An RPE tear with massive
subretinal hemorrhage is a feared complication. In a few cases, with spontaneous
cicatrization of the causal CNV, the PED may disappear completely and visual
acuity may improve at a functional level (Fig. 3.8).

Fig. 3.8 RPE tear. (a) Large vascularized PED with subretinal fluid in SD-OCT image and
decrease of visual acuity. Therefore, decision for anti-VEGF therapy was made. (b) FA and
SD-OCT 4 weeks after the third injection show a large RPE tear with a long tear edge of rolled
RPE (arrow) (c) the result has further worsened 3 months later by cicatricial contractions. The
RPE-free area still increased (star)
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Fig. 3.8 (continued)
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Fig. 3.8 (continued)

3.10 Therapy

The causes of AMD cannot as yet be treated. In early stages of the disease, it was
shown by the Age-Related Eye Disease Study (AREDS) that daily oral administra-
tion of antioxidative vitamins and zinc reduces progression to a late stage of AMD
[37]. Moreover, observations suggest that omega-3 fatty acids and carotenoids such
as lutein and zeaxanthin may also play a role in the prevention of AMD. This
assumption was not confirmed in the AREDS 2 Study.

Standard treatment for exudative AMD is currently intravitreal administration of
anti-vascular endothelial growth factor (VEGF) drugs. The approved drugs are
aflibercept (Eylea) and ranibizumab (Lucentis). Bevacizumab (Avastin) is an off-
label drug with comparable efficacy and safety.

Patients with vascularized or fibrovascular PED in connection with AMD are
treated in the same way. Nevertheless, regular check-up examinations must be carried
out on an ongoing basis. In view of the risk of a RPE tear during treatment (Fig. 3.8),
not every PED should be regarded as a sign of activity. Without intraretinal or
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subretinal fluid, a PED—especially the purely serous subtype—can initially merely
be monitored [38, 39]. Small subretinal accumulations of fluid at the edge of the PED
may remain stable for years, and central visual acuity may not necessarily
deteriorate.

In contrast, central intraretinal cystoid spaces should always be regarded as an
indication for treatment. Due to these particular features, a repeat treatment protocol
based on PRN criteria is certainly superior to the “treat and extend” protocol.

The choice of treatment is more complex after an RPE tear. There are indications
in the literature that continued treatment after an RPE tear, even one including the
fovea, shows better results over the long term than a discontinuation of treatment.
Studies using fundus autofluorescence (FAF) have shown that an RPE-free area
with lost FAF recovered FAF years later with continued treatment and the
microperimetric responses may also recover. This suggests a possible form of
regeneration of the RPE [40] (see also chapter 7).

In patients with extensive subretinal or sub-pigment epithelial hemorrhage with or
without RPE tear, anti-VEGF therapy is not successful. In these patients, a short-term
surgical intervention is the only treatment option. The choice of surgical procedure
depends on the extent of hemorrhage, the visual acuity in the patient’s second eye, and
the general condition of the patient. In patients with extensive subretinal hemorrhages
within the major vascular arcades, vitrectomy in combination with subretinal application
of recombinant tissue plasminogen activator (rtPA) with or without bevacizumab
administration combined with a gas tamponade has proved to be successful [41].

In treatment-resistant patients with a PED, ICGA should be carried out to rule
out PCV. In patients with PCV and PED, a combination of anti-VEGF therapy and
photodynamic treatment with verteporfin has proved to be more effective than
monotherapy with anti-VEGF inhibitors. In addition, thermal laser + anti-VEGF
might be an option in extrafoveal located polyps (see chapter 6).

3.11 Differential Diagnosis

PEDs may occur in connection with a variety of ocular—and less frequently in pri-
marily non-ocular—diseases. PED most commonly occurs in connection with
AMD. Knowledge of possible differential diagnoses is important for the prognosis
and helps in choosing the form of treatment and the individual counseling and care
for the patient.

The main differential diagnosis is central serous chorioretinopathy (CSCR).
Much more often than clinically visible, an associated PED is observed on the
SD-OCT image, which may be very small beneath the typical neurosensory detach-
ment. This PED, which varies considerably in size, is the “leaking point” often vis-
ible on FA. In terms of differential diagnosis, a classic CSCR with PED lacks the
drusen that are typical for AMD. However, especially in older patients, some
SD-OCT findings may not allow clear differentiation. The main differential diagno-

ses of PED are summarized in Table 3.1.
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Table 3.1 Main differential Differential diagnosis

diagnoses of PED

Central serous chorioretinopathy (CSCR)
Choroidal hemangioma

Sub-pigment epithelial hemorrhage

Choroidal osteoma

Choroidal melanoma

Choroidal nevus

Inflammatory diseases

Metastases

3.12 Summary

AMD is the most common cause of PED in the elderly. Apart from drusenoid PED,
there are three main exudative PED forms that can be differentiated: serous, vascular-
ized and fibrovascular PED. Overlapping features and other causes of PED (RAP, PCV,
chronic CSCR) may complicate the difinite diagnosis. However, a clear differentiation
between the PED forms can help in counseling of the patient and in choice of therapy.
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Chapter 4
Drusenoid Retinal Pigment Epithelial
Detachment

Monika Fleckenstein, Arno Philipp Gobel, Steffen Schmitz-Valckenberg,
and Frank Gerhard Holz

4.1 Introduction

Drusenoid pigment epithelial detachments (PED) are most commonly associated
with age-related macular degeneration (AMD) and primarily represent a feature of
the non-neovascular stage. However, discrimination between drusenoid, serous, or
vascularized PED is challenging albeit of high relevance since the clinical manage-
ment and the course of disease differs.

4.2 Classification and Definition

Drusen are deposits of extracellular debris located between the basal lamina of the reti-
nal pigment epithelium and the inner collagenous layer of Bruch’s membrane [1, 2].
They have a complex composition including lipids, carbohydrates, zinc, and a plethora
of different proteins, including apolipoproteins [3-9].

Drusen may present as clusters and become confluent over time (“‘confluent dru-
sen”). Large confluent drusen may form clinically evident “drusenoid PED” without
underlying choroidal neovascularization (CNV) [10, 11].

Funduscopically, drusen appear as yellowish nodular lesions located at the pos-
terior pole of the eye. Previous classifications of AMD have included the following
qualities of drusen: drusen size (e.g., large vs. small), character (e.g., soft vs. hard),
location, number, and area [12—14].
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A recently published AMD classification by Ferris et al. stresses the relevance of
drusen size in the context of AMD, particularly with regard to the prognostic rele-
vance for progression to late-stage disease. Hereby, small drusen (<63 pm) are con-
sidered as normal aging changes and should be differentiated from early AMD [15].
Medium size drusen (>63 and <125 pm) without associated pigment abnormalities
represent early AMD, while large drusen (>125 pm) and/or any AMD-related pig-
mentary abnormality (i.e., any definite hyper- or hypopigmentary abnormalities
associated with medium or large drusen) represent intermediate AMD [15].

In the Age-Related Eye Disease Study (AREDS), a drusenoid PED was defined
as a fairly well-circumscribed, shallow elevation of the retinal pigment epithelium
formed by a confluence of soft drusen, often located in the central macula [16].
There is no established size criterion to distinguish large drusen from drusenoid
PEDs. However, the AREDS defined a large druse as measuring at least 125 pm and
a drusenoid PED as measuring at least 350 pm in the narrowest diameter [16, 17].
Historically, drusenoid PED has been distinguished from other PEDs, such as fibro-
vascular PEDs and hemorrhagic PEDs, by clinical appearance, fluorescein angiog-
raphy (FA), histopathology, and a better short-term visual prognosis [16].

Although drusenoid PEDs are most commonly associated with AMD, various
other retinal diseases may be associated with drusenoid PEDs, including Malattia
Leventinese, cuticular drusen, and maculopathy associated with membranopro-
liferative glomerulonephritis (MPGN) type II. Also, they can overlay choroidal
nevi [17].

4.3 Epidemiology

Not many data exists concerning epidemiology of drusenoid PED. In the AREDS
study, of the 4757 participants, 387 had a drusenoid PED in at least one eye at some
point in the study with 68 of them having drusenoid PED in both eyes at some point
during the study [16].

4.4 Pathogenesis

Enlargement with subsequent confluence of soft drusen may result in drusenoid
PED (Fig. 4.1). These soft drusen probably enlarge by the imbibition of fluid and
material which the RPE may have been unable to traffic out of the retina if the lipid
nature of membranous debris creates a hydrophobic barrier in Bruch’s membrane
[10, 18].

Sarks and co-workers stated that it may also be possible that fluid enters dru-
sen at an earlier stage because histologically, the shape of the separated globules
or fragments inside the drusen often suggests they would “fit together like a puz-
zle” and because the basement membrane is sometimes found to be folded into
the drusen [10]. Furthermore, they found that the larger soft drusen were and the
more fluid was present within them, the more rapidly the drusen developed and
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Baseline

Fig. 4.1 Enlargement of soft drusen over time producing a drusenoid pigment epithelium detach-
ment. Images (from left to right: color fundus photography, fundus autofluorescence [FAF], infra-
red reflectance with corresponding spectral domain optical coherence tomography [SD-OCT])
were taken at baseline (upper row) and at 3-year follow-up (lower row). On color fundus photog-
raphy, there is an increase in the number and extent of drusen over time. The FAF images show
irregular signals (normal, increased, decreased) in the area of drusen. On SD-OCT, the parafove-
ally located drusen increase in size over time
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faded, more often leading to corresponding geographic atrophy than CNV [10].
These clinicopathological observations suggest that larger size and higher fluid
content of drusenoid PEDs may both be predictors of their evolution towards
RPE atrophy [17].

4.5 Clinical Examination

4.5.1 Stereoscopic Funduscopy

The well-circumscribed yellow or yellow-white elevations of the drusenoid PED
typically present with a speckled or stellate pattern of brown or gray pigmentation
on their surface (Figs. 4.2, 4.3, and 4.4). This central lesion is frequently surrounded
by large soft drusen (Figs. 4.2, 4.3, 4.4, and 4.5).

Fig. 4.2 Color fundus photography and spectral-domain imaging show a central drusenoid pig-
ment epithelium detachment surrounded by soft drusen (upper image panel) fluorescein angiogra-
phy in drusenoid pigment epithelium detachment (lower row from left to right: fluorescein
angiography 0.39, 2.07, 5.02 min, respectively). The drusen show faint but progredient hyperfluo-
rescence. However, there is no clear leakage. The centrally decreased fluorescence signal is due to
blocking effects of overlaying star-shaped pigment alterations (upper image panel)
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Baseline

Fig. 4.3 Progression of a drusenoid pigment epithelium detachment to geographic atrophy with
disappearance of drusen material. At baseline (upper row), there is a large drusenoid pigment epi-
thelium detachment with hyperpigmentary changes on top of the central lesion (“pigment clump-
ing”). FAF imaging shows an irregular signal with areas of increased (corresponding to
hyperpigmentary changes) and decreased FAF. On SD-OCT, there is a large elevation of the retinal
pigment epithelium band and the retinal layers. After 3 years (lower row), an area of atrophy at the
former location of the drusenoid pigment epithelium detachment has developed, corresponding to
a well-demarcated area of decreased FAF signal. On SD-OCT imaging, drusen material has disap-
peared and increased reflectance of the choriocapillaris can be seen in this area
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Baseline

Fig. 4.4 Progression of a drusenoid pigment epithelium detachment to geographic atrophy on top
of the drusen material. At baseline (upper row), there is a large drusenoid pigment epithelium
detachment with overlying hyperpigmentation that correlates with increased signals in FAF imag-
ing. On SD-OCT imaging, there are focal spots on top of the drusenoid PED correlating with pig-
ment clumping. After 3 years (lower row), a large area of geographic atrophy has developed,
corresponding to a well-demarcated decreased FAF signal. On SD-OCT, the drusen material is still
present. Loss of outer retinal layers and the sharply demarcated signal enhancement within the
drusen indicates that there is RPE atrophy on top of the drusen material
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Baseline

Fig. 4.5 Development of choroidal neovascularization (CNV) in an eye with drusenoid pigment
epithelium detachment. At baseline (left column), there is a relatively small drusenoid PED. After
3 years (right column), fluorescein angiography (from top to bottom: 0.32, 1.05, and 13.50 min,
respectively) reveals a leakage adjacent to the optic disc indicative for peripapillary CNV. On
SD-OCT, drusenoid pigment epithelium detachment has increased (upper image, vertical scan)
and there is subretinal fluid in the center as well as adjacent to the optic disc (lower image, hori-
zontal scan) that was both interpreted to be associated with peripapillary CNV. The patient there-
fore received anti-VEGF treatment
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4.6 Imaging
4.6.1 Optical Coherence Tomography

On optical coherence tomography (OCT) imaging, drusenoid PEDs usually
show a smooth contour of the detached hyperreflective RPE band (Figs. 4.1, 4.2,
4.3, 4.4, and 4.5) that may have an undulating appearance [17] (Figs. 4.2 and
4.4). Hyperreflective signals atop the drusenoid PED with posterior signal shad-
owing are frequently found and correspond to pigment clumping (Figs. 4.1, 4.3,
and 4.4).

The material beneath the retinal pigment epithelium band typically has a
rather homogeneous appearance with increased reflectivity to variable extent.
Drusenoid PEDs are not typically associated with overlying subretinal or intra-
retinal fluid. Roquet and co-workers found that the presence of sub- or intrareti-
nal fluid and the increase in material hyporeflectivity under the retinal pigment
epithelium band were associated with CNV [19]. However, the presence of a
hyporeflective area between the neurosensory retina and the retinal pigment epi-
thelium band does not necessarily indicate an associated CNV [17]: especially
in-between drusenoid PEDs the appearance of subretinal fluid may merely indi-
cate that the cluster of coalescent drusen produces mechanical strain to the outer
retinal layers that locally pulls the sensory retina away from its normal position
[20].

In recent studies, spectral-domain (SD) OCT imaging has allowed for detection
of subtle changes in the area and volume of drusenoid PEDs [21-24]. Quantitative
SD-OCT imaging of drusenoid PEDs therefore appears to be useful for identifying
the natural history of disease progression and as a clinical tool for monitoring eyes
with AMD in clinical trials [21].

4.6.2 Fundus Autofluorescence Imaging

The fundus autofluorescence (FAF) signal in drusenoid PEDs is variable [25].
Drusenoid PEDs frequently exhibit a mild increased FAF signal (Fig. 4.1) with
a surrounding halo with decreased FAF. However, the FAF signal associated
with the PED lesion may also be normal or decreased [17]. Focal spots with
increased FAF appear to correlate with hyperpigmentation (Fig. 4.3), circum-
scribed areas with a decreased FAF signal usually correspond to RPE atrophy
(Fig. 4.4). It has been speculated that different FAF changes may indicate
different stages of drusen evolution that may appear similar by clinical
examination [26].
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4.6.3 Fluorescein Angiography

Interpretation of FA to differentiate drusenoid PED from a vascularized PED or
classic CNV may be challenging although the latter exhibit more intense late stain-
ing or frank leakage [11, 19]. In drusenoid PED, there is faint but progredient hyper-
fluorescence in FA. This staining has to be differentiated from leakage from classic
CNYV that would show a well-demarcated hyperfluorescence in the early phase of
FA and leakage in the late phase (Fig. 4.2). The combination of FA with OCT imag-
ing is often helpful for the differential diagnosis, but also to diagnose adjacent or
newly formed CNV (Fig. 4.5).

Focal hypo- and hyperfluorescent signals associated with the PED lesion may
represent blocking effects of overlying pigment alterations or window defects in
areas of RPE atrophy, respectively [17] (Figs. 4.2 and 4.4).

4.6.4 Indocyanine Green Angiography

With indocyanine green angiography (ICGA) using a confocal scanning laser oph-
thalmoscope system, the content of the drusenoid PED will block the fluorescence
emitted from the underlying choroidal vasculature and, therefore, the PED will
appear as a homogeneous hypofluorescent lesion during the early phase and remain
hypofluorescent throughout the transit [17]. While in vascularized PEDs ICG angiog-
raphy may demonstrate a hyperfluorescent “hot spot” at the border or within the PED
confirming the presence of CNV, in drusenoid PEDs such signals are absent [19].

4.7 Natural History

The natural history of eyes with drusenoid PED is characterized by a high rate of
progression to both geographic atrophy (Figs. 4.3 and 4.4) and neovascular AMD
(Fig. 4.5) [16, 19].

Roquet and co-workers analyzed 61 eyes of 32 patients with drusenoid PED that
were followed for an average of 4.6 years (range 1-17 years) [19]. Three different
natural outcomes were identified: persistence of drusenoid PED (38%), development
of geographic atrophy (49%), and CNV (13%). Based on Kaplan Meier survival
analysis, drusenoid PED had a 50% chance of developing geographic atrophy after
7 years. If the drusenoid PED was greater than two disc diameters or was associated
with metamorphopsia at initial presentation, progression to atrophy or ingrowth of
CNV occurred after 2 years (p < 0.01) [19].
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In the context of AREDS, a total of 311 eyes (from 255 participants) with
drusenoid PED were followed for a median follow-up time of 8 years subsequent to
the initial detection of a drusenoid PED [16]. Of the 282 eyes that did not have
advanced AMD at baseline, advanced AMD developed within 5 years in 119 eyes
(42% in total, 19% progressing to central geographic atrophy, and 23% progressing
to neovascular AMD). In the remaining eyes that did not develop advanced AMD
(n = 163), progressive fundus changes, typified by the development of calcified
drusen and pigmentary changes, were detected [16]. Visual decline was prominent
among study eyes, with approximately 40% of all eyes decreasing in visual acuity
by >15 letters at 5-year follow-up. Mean visual acuity decreased from 76 letters
(approximately 20/30) at baseline to 61 letters (approximately 20/60) at 5 years.
Five-year decreases in mean visual acuity averaged 26 letters for eyes progressing
to advanced AMD and 8 letters for non-progressing eyes [16]. This study further
underlined that a decline of visual acuity is a common outcome in drusenoid PED,
with or without progression to advanced forms of AMD [16].

Recently, SD-OCT imaging was used to identify morphologic features of
drusenoid PED lesions that correlate to future disease progression [21-24].

Quyang and co-workers reported that the presence of hyperreflective foci overly-
ing the drusen, a heterogeneous internal reflectivity of drusenoid lesions, or choroi-
dal thickness directly below drusenoid lesions less than 135 pm at baseline increased
the risk of local atrophy developing over the ensuing months [22]. Furthermore, the
migrated hyperreflective foci and the change of internal reflectivity of drusenoid
lesions from homogeneous to heterogeneous during the study period were predic-
tive of atrophy development by the last follow-up [22].

Clemens and co-workers have evaluated a morphology score for drusenoid PED
regarding predictability of a decline in retinal function beyond best-corrected visual
acuity. The drusenoid PED morphology score consisted of five parameters: hyper-
reflective spots in infrared reflectance imaging, lesion diameter, lesion height, pres-
ence of vitelliform-like material in the subretinal space or subretinal fluid, and
integrity of the ellipsoid zone in SD-OCT.

4.8 Therapeutic Intervention

There is no proven treatment for drusenoid PEDs. If there is no evidence for an
associated CNV, treatment with anti-VEGF is not indicated.

Laser photocoagulation has been shown to induce regression of soft drusen and
drusenoid PEDs [27-37]. However, the Choroidal Neovascularization Prevention
Trial revealed that in patients with unilateral CNV, laser treatment to the fellow-eyes
with large drusen increased the short-term incidence of CNV [34]. In the
Complications of Age-Related Macular Degeneration Prevention Trial (CAPT),
low-intensity laser treatment did not induce a clinically significant benefit for vision
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in eyes of patients with bilateral large drusen [38]. Though, more recently, Guymer
and co-workers demonstrated that a single unilateral application of nanosecond
laser to the macula produced bilateral improvements in macula appearance and
function [39]. The same group reported that nanosecond laser resolved drusen inde-
pendently of retinal damage and improved Bruch membrane structure [40].
However, so far evidence is lacking to demonstrate an effect on progression of
AMD.

Since CNV may develop over time, patients with drusenoid PED should be
examined regularly [11]. If CNV develops, anti-VEGF therapy is recommended
(Fig. 4.5). Patients should be instructed to regularly perform Amsler grid testing and
immediately return if metamorphopsia or a change in already existing metamor-
phopsia is perceived.

4.9 Differential Diagnosis of Drusenoid PED

Vitelliform lesions represent an important differential diagnosis of drusenoid PED
(Fig. 4.6). The term “vitelliform” is nonspecific, referring to a round, yellowish
lesion that looks like an egg yolk (Fig. 4.7). Vitelliform lesions show intense hype-
rautofluorescence on FAF (Figs. 4.6 and 4.7) and hypofluorescence in the early
phase on FA (Fig. 4.6), corresponding to the hyperreflective vitelliform material
between the neurosensory retina and RPE on SD-OCT. Funduscopic differentiation
between vitelliform lesions and drusenoid PED might be challenging. However,
multimodal imaging allows for differentiation in most cases: On FAF imaging, the
vitelliform lesion is sharply demarcated and shows an intense increased signal while
in drusenoid PED, the signal is more irregular (Fig. 4.6). Vitelliform lesions and
drusen are not located in the same anatomic compartment. SD-OCT imaging in
drusenoid PED shows an elevated RPE band at the border of the lesion, while in
vitelliform lesions, the RPE band appears to stay at the original level and only the
neurosensory retina is elevated (Fig. 4.6).

Vitelliform lesions may be seen in a broad range of macular conditions, such as
adult-onset foveomacular vitelliform dystrophy (AFVD), Best vitelliform macular
dystrophy, mitochondrial retinal dystrophy associated with the m.3243A>G
mutation, vitreofoveal traction, acute vitelliform polymorphous exudative macu-
lopathy, and paraneoplastic vitelliform retinopathy [41]. Within this group of condi-
tions, AFVD represents the most probable differential diagnosis to drusenoid
PED. AFVD is characterized by subretinal vitelliform macular lesions and is usu-
ally diagnosed after the age of 40. Patients are usually slightly younger than patients
presenting with drusenoid PED. Similarly to the course of drusenoid PED, the vitel-
liform lesions gradually increase and then decrease in size over the years, and may
leave an area of atrophic outer retina and retinal pigment epithelium (Fig. 4.7). This
process is accompanied by a loss of visual acuity.
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Fig. 4.6 Differentiation between vitelliform lesions and drusenoid pigment epithelium detach-
ment. On FAF imaging, the vitelliform lesion shows an increased signal that is sharply demarcated
(upper left image). In drusenoid PED, the FAF signal is more irregular (upper left image). In the
early phase of fluorescein angiography, there is blockage by the vitelliform lesion resulting in a
sharply circumscribed hypofluorescent signal (middle left image), while the blockage of fluores-
cence by the drusenoid PED is diffuse (middle right image). Vitelliform lesions and drusen are not
located in the same anatomic compartment: drusenoid PED elevates the RPE as shown in SD-OCT
imaging (lower right image), while in vitelliform lesions, the RPE band appears to stay at the
former level and only the neurosensory retina is elevated (lower left image)
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Baseline

L.

Fig. 4.7 Progression of a vitelliform lesion to atrophy. At baseline (left column), there is a round
yellowish lesion on funduscopy. The FAF signal is intensely increased in the area of the vitelliform
lesion. SD-OCT imaging shows the material that elevates the neurosensory retina and which is
located above small dome-shaped lesions that represent soft drusen. After 3 years (right column),
the vitelliform lesion and the drusen have disappeared. On FAF imaging, there is an irregular
signal with increased and decreased FAF indicating progression to atrophy. On SD-OCT imaging,
there is loss of the vitelliform material and of the outer retinal layers
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4.10 Summary

Drusenoid PED in AMD results from confluence of soft drusen. So far, there is no
proven treatment available. Geographic atrophy and CNV may develop in the course
of the disease. Therefore, patients should be monitored on a regular basis. Detection/
exclusion of CNV may be challenging in dusenoid PED; hence, a multimodal imag-
ing approach is needed. Only if CNV is detected, anti-VEGF therapy is indicated.
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Chapter 5
Retinal Pigment Epithelial Detachment
in Retinal Angiomatous Proliferation

Maria Andreea Gamulescu

5.1 Introduction

Retinal angiomatous proliferation (RAP) is a distinct subtype of age-related macu-
lar degeneration (AMD) with specific features in fundoscopy and imaging. Still,
there is controversy about the origin of these lesions, namely, retinal or choroidal
vasculature. Pigment epithelial detachment (PED) and retino-choroidal anastomo-
sis can develop over time and are the hallmark of late-stage disease. Although many
names have been proposed for this entity, their common feature is the intraretinal
vascular proliferation and exudation and therefore, the term “RAP” is widely
accepted.

5.2 Epidemiology

RAP lesions are found in 10-29% of all newly diagnosed neovascular AMD cases in
Caucasians [1-5], especially in patients diagnosed with occult choroidal neovascular-
ization (CNV) [2, 6]. The percentages increase up to 34% when using videoangiogra-
phy and the combination of fluorescein and indocyanine green angiography (FA and
ICGA) [4, 5]. In South Korean and in Japanese populations, the incidence is lower,
11% and 4.5%, respectively [7, 8]. In African patients, RAP seems to be very rare, and
no incidence numbers have been published up to now. This difference between ethnic
groups is thought to arise from differences in genetic factors, and in food or in mela-
nin content of the RPE cells, among others. Overall, RAP patients are older (mean 79
years) than the typical patients with exudative AMD (mean 72 years) [9].
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5.3 Pathogenesis

As mentioned above, pathogenesis of RAP is not yet completely clarified. In 1992,
Hartnett et al. first described a “retinal vascular abnormality”: a feeding retinal arte-
riole dipping towards the retinal pigment epithelium (RPE) and forming an angio-
matous lesion in the outer retina with sub-RPE-component [9] presuming a retinal
origin. Almost 10 years later, in 2001, Yannuzzi et al. [10] presented a possible
evolution of the lesion (then termed “retinal angiomatous proliferation,” RAP) from
an initial intraretinal neovascularization (IRN) with compensatory telangiectatic
proliferation of deep retinal capillaries (“stage 1) to a “stage 2” with subretinal
neovascularization (SRN) and retinal-retinal anastomosis to a final “stage 3" with
PED and sub-RPE-neovascularization (Fig. 5.1, left). Gass et al. on the other hand
postulated a five-stage evolution originating from a small sub-RPE neovasculariza-
tion (stage 1) which extends to the deep retinal capillaries (stage 2), leading to the
formation of “piggy-back” subretinal neovascularization on top of a developing
PED (stages 3 and 4) and finally to a disciform scar with chorioretinal anastomosis
(stage 5) [46] (Fig. 5.1, middle).

Different OCT studies support either the retinal [11] or the choroidal [12] origin
of RAP lesions or both [13], while the rare histologic studies on surgically excised
RAP lesions rather tend to support the retinal origin [14, 15]. In those studies, only

IRN Type 3 Neovascularization (RAP) Type 3 Neovascularization (RAP) IRN Type 3 Neovascularization (RAP)
s CNV

SRN  Type 3 Neovascularization (RAP) IRN Type 3 Neovascularization (RAP) SRN  Type 3 Neovascularization (RAP)
NV CNV

IRN = Intra retinal neovascularization
SRN = Subretinal neovascularization
CNV = Choroidal neovascularization

RCA = Retinal-choroidal anastomosis

Fig. 5.1 Schematic diagram of three theories for the development of RAP lesions or type 3 neo-
vascularization [20] Left column, initial focal retinal proliferation and progression; center column,
initial focal choroidal proliferation and progression; right column, focal retinal proliferation with
simultaneous choroidal proliferation
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subretinal neovascularization but no “true” CNV (which is at least in part located in
the choroid) could be demonstrated. However, existing subretinal or choroidal parts
of the lesion may have been ripped off during surgery. There is only one paper cor-
relating fundus and angiography findings 4 months before to histological serial sec-
tions of the whole globe in a patient with RAP [16]. Here, neovascular intraretinal
angiomatous complex without the presence of subretinal pigment epithelial neovas-
cularization could be demonstrated. Likewise, animal models of transgenic mice
with overexpression of VEGF in the retina show development of intra- and subreti-
nal CNV without invasion of blood vessels from the choroid, thereby demonstrating
that formation of intraretinal neovascularization with growth towards the subretinal
space—as found in RAP lesions—is indeed possible [17, 18].

Irrespective of the origin of the lesion, the common feature of RAP lesions is the
leakage during intraretinal proliferation of vessels, leading to accumulation of intra-
retinal cystoid spaces. Freund et al. therefore proposed a new, more descriptive term
of “type 3 neovascularization” for RAP lesions—expanding Gass’ classic definition
of type 1 (sub-RPE, occult) and type 2 (subretinal, classic) neovascularization—and
emphasizing the intraretinal nature of the lesion [19, 20] (Fig. 5.1, right).

Newer publications focus on the comorbidity of RAP lesions and reticular
pseudodrusen (RPD): described as a yellowish interlacing network of oval or
round lesions of 125-250 pm, seen best on blue-light or red-free fundus photog-
raphy and infrared images [21, 22] (see Fig. 5.13), RPD are located in the sub-
retinal space and thought to be a distinctive feature of AMD with a high risk
(twice the risk as compared to indistinct soft drusen) of progression to late-stage
AMD: incidence of geographic atrophy 21% vs. 9% and exudative AMD 20% vs.
10%, respectively [23]. There seems to be a strong association of RPD and RAP
lesions as compared to non-RAP exudative AMD: Ueda-Arakawa et al. found
RPD in 83% of eyes with RAP in Japanese AMD patients—and only 9% in typi-
cal AMD and 2% in PCV [24]. Other publications in Asian and Caucasian patients
found percentages of 45-70.3% eyes with RPD in RAP-AMD patients [26-29],
at the same time pointing out that RPD are predominantly found in the superior
outer macula and therefore might be missed on conventional 20° x 20° central
imaging [28]. However, despite the apparently clear association between RPD
and RAP, because of their different fundus localizations, the pathogenetic rela-
tionship (be it increased intraretinal VEGF-levels because of RPD leading to a
thickened Bruch’s membrane, or choroidal ischemia leading to deposition of
RPD) is not clear yet.

5.4 Clinical Examination

Clinical examination is extremely important and can already hint to the underlying
pathology: patients with RAP lesions normally are older than the typical exudative
AMD patient [9]. Hallmarks of the disease are small, feather-like intraretinal hem-
orrhages at the end of a parafoveal capillary. Because of the intraretinal location of
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the neovascular complex, RAP lesions exhibit more intraretinal edema (cystoid
spaces) and consequently more hard exudates than choroidal neovascularizations
(Figs. 5.2, 5.4a, 5.5a, and 5.6a). These features seen on fundoscopy, together with
specific OCT findings like serous PED in combination with prominent intraretinal
cystoid spaces (Fig. 5.3), should always prompt the examiner to suspect RAP and to
initiate further specific imaging ([3]; see Sect 5.5 below).

Fig. 5.2 Typical clinical
appearance of a RAP
lesion: paracentral
intraretinal small
hemorrhage at the end of a
capillary with surrounding
ring of hard exudates and
accompanying retinal
thickening and edema

LJ'J wm

Fig. 5.3 Typical SD-OCT-image of a RAP lesion stage 2: serous PED with accompanying cystoid
intraretinal edema. Corresponding to the intraretinal neovascularization, intraretinal hyperreflec-
tive spots (thick arrow) and interruption of RPE band with medium reflectivity tissue in this gap
(thin arrow) can be visualized
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5.5 Imaging
5.5.1 Fluorescein Angiography

Using FA, RAP lesions can only inconsistently be detected in the very early
phases of angiography or in early video sequences [2]. RAP lesions always
begin to grow in an extra- or parafoveal location—consistent with their pre-
sumed origin from retinal capillaries—and extend towards the foveal center with
time [2]. These early signs are rapidly covered by the diffuse leakage from the
accompanying cystoid edema or by the pooling of the dye in the serous PED
(Figs. 5.4, 5.5, and 5.6). Most RAP lesions are therefore falsely diagnosed as
occult or minimal classic CNV, depending on their stage, and coexisting PED is
often missed on FA because of the profuse leakage from the extensive cystoid
edema [29, 30]. However, indirectly, an early small hyperreflective point at the
end of a parafoveal capillary followed by profuse leakage from cystoid edema in
late frames in conjunction with the above-mentioned clinical fundoscopic signs,
very strongly hints to a possible RAP and should be followed by an ICG-
angiography [3].

Fig. 5.4 RAP lesion stage 2: (a) intra- and subretinal bleeding at the end of a parafoveal capillary,
surrounded by retinal thickening. In this case, only drusen but no hard exudates can be seen. (b, ¢)
Early and late phase FA. Bleeding obscures the intraretinal neovascularization in early phase,
while in the late phase profuse leakage from cystoid edema precludes its visualization. (e, f) In
ICGA, spot-like intraretinal neovascularization can be clearly seen in early phase, and it persists as
“hot spot” surrounded by the hyporeflective blockage of serous PED in late phase. (d) SD-OCT
showing serous PED with overlying extensive intraretinal cystoid edema
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Fig. 5.5 RAP lesion stage 2: (a) intraretinal bleeding at the end of a parafoveal capillary, sur-
rounded by retinal thickening. Again, only drusen but no hard exudates can be seen. (b, ¢) Early
and late phase of FA. Bleeding overlies the intraretinal neovascularization in early phase; a micro-
aneurysm superiorly could be mistaken for the RAP lesion. In late phase, leakage from cystoid
edema obscures its visualization. (d—f) In ICGA, spot-like intraretinal neovascularization can be
clearly seen in early phase with feeding arteriole and draining venule (see magnification in (e)),
and it persists as “hot spot” surrounded by hyporeflective serous PED in late phase. (g) Infrared
reflectance and SD-OCT showing serous PED with overlying extensive intraretinal cystoid edema
and discontinuity of RPE layer in the region of RAP lesion (arrow)

552 ICGA

Due to its higher molecular weight and its stronger binding to serum proteins
(namely, albumin), indocyanine green does not seep into the extravasal space and
subsequently cystoid edema and serous PED remain “‘silent” and hypofluorescent.
In this setting, the intraretinal neovascular complex (retinal-retinal anastomosis)
and, later, the retino-choroidal anastomosis appears as a small hyperfluorescent “hot
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Fig. 5.6 RAP lesion stage 2: (a) pinpoint intraretinal bleeding at the end of a parafoveal capillary
with surrounding retinal edema and ring-like hard exudates. (b, ¢) Early and late phase of
FA. Intraretinal neovascularization can be suspected in early phase superior to the fovea, and in the
late phase localized hyperfluorescence can be seen in this area, surrounded by a slowly filling and
less hyperreflective PED. (d—f) ICGA demonstrating clearly better visualization of the spot-like
intraretinal neovascularization in early phase, and persisting as “hot spot” surrounded by the dark
blockage of the PED in late phase. (e) Magnification of (d) showing intraretinal neovascularization
in ICGA with feeding and draining vessels. (g) Infrared reflectance and SD-OCT showing serous
PED with overlying intraretinal cystoid edema and subretinal fluid. Arrow indicates intraretinal
neovascularization in an area of disrupted RPE

spot” in the hypofluorescent surroundings of intraretinal edema or PED (Figs. 5.4,
5.5,5.6,and 5.7) [2]. Rouvas et al. proposed a classification based on ICGA staining
patterns and OCT findings: in their series, ICGA staining patterns were focal
(27.2%), irregular (21.8%), circular (21.8%), multifocal (18.2%), and combined
(10.9%). The “typical” sign of sudden termination of a retinal vessel and its angu-
lated course dipping down towards the outer retina (Fig. 5.7) was only seen in
25.4% in eyes; all of those eyes had a circular or irregular pattern on ICGA. Eighty-
six percent of the eyes had PED that was apparent only in ICGA, not in FA. On
OCT, all eyes had intraretinal cystoid spaces [30].
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Fig. 5.7 FA (a) and ICGA (b) of an intraretinal neovascularization with feeding and draining ves-
sels (magnifications (c¢) and (d), respectively). Arrowhead in (¢) and (d) pointing to the typical
angulated vessels dipping down to the choroid

553 OCT

Nowadays, because of its noninvasive technique, its speed of imaging acquisition
and its broad availability, OCT imaging is widely used in macular diagnostics and
is often performed even before FA or ICGA.

Stage 1 RAP lesions (intraretinal neovascularization) are often missed but can be
visualized as a focal area of higher intraretinal reflectivity, usually situated extrafoveally
and not associated with any retinal or RPE-changes or with retinal thickening [29].

With progression to stage 2, the RAP lesions form intraretinal edema and grow
towards the subretinal space and the RPE, forming a serous PED. In this stage,
specific features are strongly indicative for RAP lesions: the combination of serous
PED with pronounced cystoid intraretinal edema (Figs. 5.3, 5.4, 5.5, and 5.6), the
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latter of which is not normally found in typical exudative AMD with choroidal neo-
vascularization even if they are associated with RPE detachment. Sometimes, the
intraretinal neovascular complex can even be visualized sitting on top of the PED
over a discontinuous portion of the RPE line (Figs. 5.3, 5.5, 5.6, and 5.8), sometimes
with stratified sub-RPE formations within the PED. This intraretinal neovascular
complex co-localizes with the intraretinal feathery bleedings seen on fundoscopy
and with the hot spot on ICGA.

However, OCT cannot clearly differentiate the structures below the PED, there-
fore, further differentiation of the later stages of RAP is difficult in OCT [29].

Fig. 5.8 (a) FA showing the parafoveal RAP lesion. (b, ¢) Corresponding infrared reflectance and
SD-OCTs showing intraretinal neovascularization (arrow) in an area with cystoid intraretinal
edema and accompanying serous PED (b) and intraretinal neovascularization attached to the
detached RPE (¢)
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5.6 Natural History

The natural course of RAP lesions differs from typical exudative AMD and often
shows poor visual outcomes with initial and final visual acuities below 0.1 decimal
[9, 31, 32]. RAP lesions are growing fast and aggressive [20, 32] and can lead to
extremely large PEDs with risk of RPE-tear and consecutively loss of visual acuity
(Figs. 5.9 and 5.10) [33]. Sometimes, serous PEDs become vascularized over time
leading to extensive fibrovascular scars [9]. Oftentimes, however, atrophy evolves in
the region of former PED, especially in association with RPD and after intravitreal
treatment, with incidence rates as high as 50-86% [35-37] (Fig. 5.11).

Monitoring of the second eye is imperative in patients with RAP lesions.
Although the rate of 100% bilaterality in 3 years that Gross first published (40% in
1 year, 56% in 2 years, 100% in 3 years) [37] could not be verified in following
publications, the incidence of RAP in the second eye of patients with RAP lesions
in the first eye seems to be higher than in typical exudative AMD, where 28% of the
patients develop exudative AMD lesions in their second eye during a 3-year follow-
up. [38]. In patients with RAP lesions in their first eye, incidence rates of 36.4% in

Fig. 5.9 Poor outcome of RAP lesion despite extensive and continuous intravitreal therapy over the
course of 8 years: (a, ¢) Fundus photo and SD-OCT at initial presentation, (b, d): after completion
of anti-VEGF upload with increased PED and subretinal bleeding, (e, g) RPE-rip, (f, h) extensive
scarring, still with active parts showing newer subretinal bleeding at the nasal superior border
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Fig. 5.9 (continued)

Fig.5.10 Progression and thickening of the retino-choroidal anastomosis in a RAP lesion over the
course of 3 years (a—c, arrowhead) and the development of a RPE-rip at the superior border of the
PED opposite to the RAP lesion itself (b—d, arrows)
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Fig. 5.11 Bilateral RAP lesions in a patient with different course of the disease, 6-year follow-up
with multiple intravitreal anti-VEGF treatments: right eye (a) progressing to extensive fibrovascu-
lar scar (b), left eye (¢) developing subfoveal geographic atrophy (d)

3 years [39] and 45% in 4 years have been recently published [25]. The lower inci-
dence in newer publications is discussed to be due to different inclusion criteria
(exclusion of patients with scarring in their first eye) or the treatment of the first eye
carried out with intravitreal anti-VEGF injections with possible systemic exposure
and possible stabilizing effect on the second eye [40].

If the second eye becomes exudative, the lesion in the fellow eye seems to be
RAP in almost all cases [37, 39, 41] and 40% seem to be localized in the same area
as in the first eye [39]. Risk factors for development of RAP lesions in fellow eyes
are focal atrophy and hyperpigmentation [39]. However, only few of those lesions
in second eyes have concomitant PED (7%), putatively because of earlier detection
[2], making differentiation to occult CNV, especially when performing only FA,
more difficult (Fig. 5.12).
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Fig. 5.12 Four-year follow-up of SD-OCT images showing good response to intravitreal anti-
VEGF treatment but frequent recurrences of PED and cystoid intraretinal edema (right side), as
well as the development of RAP lesion in the fellow eye 2 years later (left side)

5.7 Therapy

Because of their retinal-retinal or retinal-choroidal anastomosis, RAP lesions show
a high blood flow and often have been refractory to many conventional therapies
such as conventional laser photocoagulation, monotherapy with verteporfin photo-
dynamic therapy, or even surgical ablation [3, 4, 31]. Recurrent edema, evolving
geographic atrophy and associated serous PED with high imminent risk for RPE-
tears limited the visual outcome [42]. However, early detection and small lesion size
seem to be associated with better outcomes [31, 43].

Nowadays, intravitreal anti-VEGF substances are the gold standard of therapy in
exudative age-related macular degeneration, as VEGF-driven edema and exudations
respond well to anti-VEGF monotherapy. Under the presumption that RAP lesions
are the sequel of increased intraretinal VEGF-levels [17, 18], this type of exudative
AMD should also respond well to anti-VEGF (mono)therapy. Indeed, RAP lesions
usually show fast and oftentimes complete resolution of intraretinal edema as well
as of the accompanying serous PED after treatment with intravitreal anti-VEGF-
substances [44]—only rarely seen in typical serous PEDs. However, anti-VEGF
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does not seem to occlude the retinal-retinal anastomosis completely, and the remain-
ing flow may cause frequent recurrences (Fig. 5.12). In a paper by Cho et al, anti-
VEGF injections showed favorable visual outcome with significant visual
improvement during the first year, but this gain could not be maintained after the
second year [45]. Therefore, combination treatment of PDT and intravitreal anti-
VEGF injections has been proposed. In a paper by Saito et al, combination treatment
resulted in a significantly improved visual acuity, significantly decreased central
retinal thickness and occlusion of the retinal-retinal anastomosis in 33 of 35 patients
with a mean of 2.5 PDT and 5.5 IVT during 24 months [27]. However, subgroup
analysis of RAP lesions in the CATT trial with anti-VEGF monotherapy also showed
that eyes with RAP were less likely to have fluid on OCT, leakage on FA, and scar-
ring at 1 and 2 years compared to eyes with typical exudative AMD. Visual acuity in
RAP eyes had greater improvement from baseline at year 1, but was similar to non-
RAP eyes at year 2. Overall, RAP lesions required slightly less intravitreal injections
than non-RAP lesion during the 2 years [50]. The same trial, however, showed that
RAP eyes were more likely to have geographic atrophy over the follow-up period
than non-RAP eyes. The development of geographic atrophy is reported with inci-
dence rates as high as 37-86% [35, 36, 45] especially in eyes with coexistent RPD,
here a more cautious anti-VEGF therapy was discussed [33, 34] (Fig. 5.13).

Fig. 5.13 RAP lesion in the right eye (a) and reticular pseudodrusen showing a honeycomb pat-
tern in the left eye (b) of a patient, demonstrated on blue-light autofluorescence (c¢), infrared fundus
reflectance (d), FA (e), ICGA (f), and SD-OCT (g)
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The difficulty in the treatment of RAP lesions is to find the individual balance for
each patient between consequent treatment of active lesions, regular and frequent
follow-up examinations of the first but also of the fellow eye, and—maybe—more
guarded treatment schemes in eyes with no or low activity and evidence of RPD, in
order to minimize atrophy formation and enlargement. Further long-term follow-up
studies will hopefully shed light on this in the future.

5.8 Differential Diagnosis

RAP lesions have to be differentiated from type I or type II neovascularization in
exudative AMD: as mentioned above, RAP can sometimes be falsely interpreted as
minimal classic CNV, especially if only FA is performed and no ICGA and OCT, or
if no PED is present in early stages.

Differentiation from advanced polypoidal choroidal vasculopathy (PCV) is
sometimes difficult, as both entities can display large PED, retinal bleedings, exten-
sive hard exudates, and intraretinal edema. However, PCV often displays multiple
clustered small and steep PED with middle internal reflectance representing the
polyps, while RAP lesions in most cases have fewer, smaller bleedings localized
mainly intratretinaly and more cystoid macular edema over a single serous PED.

Furthermore, their differentiation from serous or serous-vascularized PEDs is
important, as RAP lesions progress much faster and demand a faster treatment, and
because oftentimes they respond well to anti-VEGF intravitreal treatment—at least
at the beginning—with reduction or resolution of PED.

5.9 Summary

RAP lesions are a distinct neovascular entity causing a very characteristic fundu-
scopic picture and typical signs in imaging. Suspicion of a RAP lesion should
always prompt the clinicial to perform additional ICGA. Therapy with intravitreal
anti-VEGF compounds seems to be highly effective, however, frequent recurrences,
the possible development of geographic atrophy (especially in conjunction with
RPD) and the involvment of the second eye in a high percentage of eyes limits
visual prognosis.
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Chapter 6
Retinal Pigment Epithelial Detachment
in Polypoidal Choroidal Vasculopathy

Werner Inhoffen

6.1 Introduction

Formerly described mostly in Asian populations, polypoidal lesions are nowadays
detected at a much higher rate also in Caucasians. With up to 17% of nAMD cauca-
sian patients, polypoidal choroidal vasculopathy (PCV) is not a rare disease anymore.
Active PCV lesions may be the reason for a developing pigment epithelial detach-
ment (PED) and, as a consequence, these PEDs can be influenced by treating the
underlying PCV lesions with laser photocoagulation, photodynamic therapy (PDT),
and/or intravitreal anti-VEGF (vascular endothelial growth factor) injections.

In 1982, Yannuzzi was the first to describe a small series of patients with sub-
pigment epithelial neovascularization and massive hemorrhages at a meeting. As a
presumed source of theses hemorrhages, patients also showed some choroidal vas-
cular abnormalities in fundus and in fluorescein angiography (FA) at the posterior
pole. Thus, he described this disease as “Idiopathic polypoidal choroidal vasculopa-
thy (IPCV)”. Multiple names were given to this specific disease including “Multiple
recurrent serosangineous retinal pigment epithelial detachments in black women”
[1], “Posterior Uveal Bleeding Syndrome” [2], and “Multifocal idiopathic sub-RPE
neovascularization occuring in darkly pigmented individuals™ [3].

In 1990, Yannuzzi et al. published their description of the disease, again emphasiz-
ing the vascular origin as “Idiopathic polypoidal choroidal vasculopathy (IPCV)” [4].
With the assumption of other researchers that this was a rare disease, the high percent-
age of black women was due to the increased visibility of one of the most important
detail besides hemorrhagic PEDs: prominent orange areas seen in funduscopy, identi-
fied in FA as small leaky bulbs at the end of some visible abnormal choroidal vessels
and thought to be responsible for hemorrhagic PEDs. Thus, Yannuzzi described two
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components: (1) dilated and branching inner choroidal vessels and (2) terminal red-
dish-orange, spheroid aneurysmal-like protrusions which he called “polyp-like.”

In the following years, indocyanine green angiography (ICGA) was introduced
for the diagnosis of IPCV (the term idiopathic was dropped later = PCV), which
now better showed choroidal aneurysms (polyps) and dilated choroidal vessels,
even those not visible in funduscopy. These vessels were described as irregular lat-
ticework made up of choroidal vessels that were heterogeneous in size and did not
follow the normal choroidal architecture, termed branching vessel network [5]. In
the vicinity of the polyps, pulsatile flow could be demonstrated in the abnormal ves-
sels by videoangiography [5]. These distinct features had not been visible in the
often used FA due to the absorption of blue light by the pigment epithelium. With
the introduction of ICGA, PCV detection increased very fast world-wide [6].

[In the following chapter, data presented inside square brackets represent results
of 50 PCV patients from the University Eye Hospital Tuebingen (UEHT).]

6.1.1 Epidemiology

Imamura [7] and Ciardella [8] summarized epidemiological data of patients with

PCV: Age: At first presentation, patients diagnosed with PCV were mostly 50 and 65

years old (range 20—80 years, average 60 years), [UEHT: 43—82 years, mean 65 years].
Incidence of PCV in presumed nAMD:

e Japan: 55%, increasing to 70-80% in patients with hemorrhagic PEDs

e China: 9.3%

* USA: 8%

e Caucasian: Up to 17%, mostly patients with poor response to prior ranibizumab
treatment (Hatz [9])

Sex:

e Asia: men predominantly affected (69%)
e Europe: men only 25-29% [UEHT: men 50%]

Bilateral involvement:

e Japan: 10-20%
e Europe/USA: 30-60%, [UEHT: 39%]

Location of PCV (BVN + polyps):

e Japan: 90% macular
e Europe/USA: 50% macular [UEHT: macular 69%]

Complications:

e China: subretinal hemorrhage (63.6%), exudative neurosensory detachment
(59.1%), hemorrhagic PED (59.1%).
e Other countries: lower frequencies.
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e Cumulative incidence of massive subfoveal hemorrhage increases with time
reaching 30% in 10 years [10].

These data show the great variability of PCV, which makes it questionable to
transfer the prevailing Asian study results to a Caucasian population [7-9].

6.1.2 Pathogenesis

According to Honda et al. [11], the two major AMD susceptibility loci (CFH
and ARMS2/HTRA1) can influence the risk of PCV in Asian population. But as
single-nucleotide polymorphisms (SNPs) in the CFH region vary among races,
this may not be valid in European populations. It is very likely that PCV is not
a genetically homogeneous pathology, considering the inhomogeneous response
to anti-VEGF therapy. Nevertheless, PCV is classified as a specific form of exu-
dative AMD, accompanied by soft drusen in up to 23%. However, in contrast to
nAMD, these soft drusen seem to have no significant effect on the clinical
course [12].

6.1.3 Histopathology

Kuroiwa et al. [13] and Yuzawa et al. [14] described features of surgically excised
PCYV: arterioles had a disrupted inner elastic layer (not seen in CNV), possibly
explaining the spontaneous pulsation of polyps sometimes seen. In two cases, large
choroidal arterioles and/or venules were found within the nodules, thus some polyps
seemed to have an “inner structure.” Nakajima et al. [15] demonstrated dilatation of
a thin-walled vessel which may explain why polyps fill fast or slow depending on
the entrance diameter of the dilatation.

Clinicopathologic findings in PCV demonstrated abnormally dilated vessels
beneath the RPE, with thickened and hyalinized walls, often obstructed, the diam-
eter of the most dilated vessel exceeding 250 pm, similar to the measured diameters
in ICGA (see chapter “Imaging”). It was hypothesized that vascular hyalinization
was followed by massive extravasation of plasma proteins, raising choroidal tissue
pressure sufficiently to produce protrusion of choroidal tissues through the weak-
ened or disrupted RPE and Bruch’s membrane [16].

6.1.4 Clinical Examination

Patients present with metamorphopsia similar to other neovascular AMD subtypes
and mild or severe visual deterioration depending on location, duration, and appear-
ance of PCV. Some of them present with one or multiple serous, small or large
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PEDs, with or without sub-RPE hemorrhage, lipid exudation, and subretinal bleed-
ing (Figs. 6.1, 6.2, 6.3, 6.4, 6.5, and 6.6). The lesions may arise in the peripapillary,
macular, or mid peripheral region.

PCYV lesions can originate from a reactivated hyperpigmented scar as one of the
possible end stages of PCV (Fig. 6.1a), near atrophic regions (Fig. 6.1b) or from

Fig. 6.1 (a) Central old hyperpigmented scar near the optic disc of unknown origin, formerly
suspected as being induced by uveitis. In many patients with PCV, these scars can be observed.
Now, this scar is active: PEDs with sub-RPE hemorrhages, horizontal blood-level in the biggest
PED and yellow deposits can be seen in the temporal macular region. (b1) Another patient with
long standing PCV, now ending in an atrophic scar centrally without nodules in this area. In the
periphery hard exudates with reddish noduls (encircled, magnified in (b2) with arrowhead), which
appear as aneurysmatic dilatations with large hyporeflective lumen seemingly breaking through
the RPE layer in OCT (b3). Thus, it is highly probable that the atrophic macular scar belongs to
a former PCV lesion. In (¢) fundus photography of another patient with long standing PCV show-
ing two areas as “honey exudates” (yellow arrowheads), a few hard exudates centrally, pigmentary
hypertrophy nearby and new reddish and creamy PEDs (black arrowheads) at the temporal rim of
the whole lesion. The whole lesion is visible as reddish atrophic area with distinct borders (red
arrowhead). Red “streets” (blue arrowhead) turned out to be thick choroidal vessels or bundles of
choroidal vessels as depicted on the overlay with 50% transparency of OCT-Angiography (d). The
overlay shows that the whole lesion is vascularized with abnormal vessels (BVN) and the new
PEDs overly terminating vascularization, most probable polyps. However, ICGA was not possible
in this patient to further confirm this
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Fig. 6.2 (a) Another
patient with PED, massive
fibrosis, and yellow

lipid deposits but no
hemorrhage. (b)
Corresponding B scan of
the OCT examination
shows directly to the right
of the green bar, that the
lipid deposit is located
below the RPE. One origin
of this sub-RPE exudation
can be seen on the left of
the green bar: a polyp with
three different hollow
spaces located below the
RPE

Fig. 6.3 (a) Another
patient showing orange
nodules (yellow
arrowhead) and one yellow
fibrotic nodule (blue
arrowhead). (b) Overlay
with OCT shows the
yellow nodule (along the
blue bar and near blue
point) as an arrangement of
vessels covered by
hyperreflective tissue,
explaining ICGA behavior
and the color of the nodule
(inset below left: early
ICGA with no central
polyp but peripheral
polyps, inset below right:
late ICGA with staining of
fibrosis in the center of the
lesion, blue arrowhead)
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Fig. 6.4 (a) Another patient with central PED, yellow lipid deposits, and subretinal hemorrhage.
Fibrotic nodule suspected centrally. (b) FA early phase with suspected polyps (yellow arrow-
heads), confirmed by ICGA (c) at 45 s. (d) Late FA shows in addition leakage especially near the
hemorrhage, suggestive of active polyps obscured by hemorrhage in ICGA
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Fig. 6.6 This patient shows large PEDs in the periphery due to peripheral polyps best visualized
in stereo ICGA (00:41, lower pictures), FA above (00:48), courtesy: Rumana Hussain and Heinrich
Heimann, Royal Liverpool University Hospital, GB

<
<

Fig. 6.5 (a) Another patient with hemorrhagic PED showing internal structures suggesting polyps
inside (black arrowhead). (b) Late FA (a few days later) is highly suggestive of polyps with leak-
age (black arrowhead) inside the PED. This is confirmed by OCT scans along the two lines (c)
with small polyps. In addition, the OCTA enface (c¢) shows high density of vessels (“ball of wool”)
inside the PED area at the crossing of the two lines
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pigmentary changes or isolated yellow and flat areas (Fig. 6.1c). However, some-
times PCV can also occur without any obvious visible pigmentary changes
(Fig. 6.3a).

PEDs arise from nearby polyps below the RPE, which explains the high rate of
sub-RPE hemorrhages and sub-RPE lipid exudates (“honey exudates”). As many
forms at the beginning start without striking fundoscopic findings, it is important to
actively search for polyps in funduscopy. Sometimes, they can be observed on fun-
duscopy as small and round nodules colored red orange, red, yellow gray or dark.

Lipid exudation can exist above and below the RPE. In Fig. 6.2, isolated yellow
and flat areas are not drusen but hyperreflective very flat and small PEDs, most
probably with a thin layer of lipid as part of the beginning of a PCV as seen in OCT.

[UEHT: Red orange nodules 48%, drusen 11%, hemorrhages 53%, hard exu-
dates 49%, grayish nodules 17%. After years of disease progression: atrophy 39%,
new hemorrhages 51%.]

After therapy, hemorrhages and often the PEDs themselves are reduced or vanish
which can be seen even by funduscopy. One reason may be occlusion of dilated
choroidal vessels with slow blood velocity. However, this occlusion can only be
observed with modern imaging methods as FA, ICGA, Optical Coherence
Tomography (OCT), and OCT-angiography (OCTA).

6.2 Imaging

At present, presumed nAMD patients are primarily examined with FA and
OCT. Thus, it is important to recognize signs of polyps as multiple small hyperfluo-
rescent spots (PEDs, not drusen!) in FA scattered over the assumed occult CNV,
mostly at the rim (Figs. 6.3, 6.4, and 6.6). However, some but not all of the PEDs
may correspond to polyps (Figs. 6.4 lower row and 6.6): in FA, both PEDs and pol-
yps appear as hyperfluorescent areas with fast or slow, homogeneous or inhomoge-
neous filling. In contrast, in ICGA PEDs and thick hemorrhages are hypofluorescent,
but polyps are hyperfluorescent. This means that polyps below a thick sub-RPE
hemorrhage may be indirectly detected in FA as leakage in late images, especially
at the rim of hemorrhages (Fig. 6.4d). BVN can also show leakage (Fig. 6.14).

In our patients, polyps mostly occurred at the rim of the CNV lesion, sometimes
even a distance apart. As history of polyps is highly variable, in one eye there may be
no nodules nor polyps, but CNV or BVN vessels, whereas in the other eye with a central
scar peripheral polyps may be visible in ICGA. Thus, it is highly possible, that the eye
under consideration suffers from PCV too, although no polyps/nodules are detected.

A correspondence of more than 70% between FA and ICGA, as far as the diagnosis
of PCV with FA is concerned, was found by Tan and Ngo [17] and Coscas et al. [18].
In our patients, if PCV was suspected in FA, 93% of them showed PCV in ICGA.
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6.2.1 Imaging of PCV in ICGA

Early ICGA:

— pulsation of choroidal vessels filling a polyp (suggesting hyperelasticity of ves-
sels) in the first 30 s. Tan et al. ([19], EVEREST study): 7%, Byeon et al. [20]:
22%, [UEHT: 20%].

— successive filling of different polyp chambers or different polyps (20 s—6 min)
(Figs. 6.7 and 6.8).

— abnormal choroidal vessels or BVN, best seen in the very early phase of ICGA
or on video angiography (observed in 75% (Everest study, Tan et al. [19]),
[UEHT: 74%])

01:17 01:30

Fig. 6.7 Another patient with a sequence of an ICGA: The polyp fills first at the lower part (00:56
and 1:06), then another compartment is filled at the upper part (1:17) and at the lower right part
(1:30). Thus, the polyp complex seems to have internal structures
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01:17 06:44

Fig. 6.8 Another patient with a sequence of an ICGA: Three polyps are filled from a long feeder
vessel (00:23, 00:31, 1:17, and 6:44), at the end it seems as if they were confluent. Feeding vessels
are very long. BVN is visible, most of the BVN also visible as late geographic hyperfluorescence
(LGH) (6:44)

Late ICGA:

— dark halo around the filling polyps (69% EVEREST study) [UEHT: dark halo
not seen in all cases]

— late geographic hyperfluorescence (LGH, sometimes visible after 10 min) with
long feeder vessels (Fig. 6.8) and with polyps at the rim (Fig. 6.9) or inside: rim:
65% and inside: 24% [21] [UEHT: 74% and 26%, respectively].

Other features detected in ICGA are:

— choroidal vessels with dilatations, tortuositas, and 90° wrinkling [UEHT: 63%]
— hyperfluorescent pearls along choroidal vessels, best seen in stereo ICGA
[UEHT: 27%] (Fig. 6.10a)
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Fig. 6.9 Upper row: Same patient as in Fig. 6.2. BVN in ICGA best visible at 00:26 (yellow
arrowhead), polyps better in later frames (05:09); lower row: another patient with BVN (ICGA
1:04, yellow arrowheads), area of late geographic hyperfluorescence bottom right ICGA 15 min,
yellow arrowhead) is approximately equal to BVN area including polyps. Black arrowhead: active
polyp at the rim of LGH

— location of polyps mostly near large PED, sometimes within a notch [UEHT:
15%] (Figs. 6.11, 6.12, and 6.13)
— progression of BVN over long time (Figs. 6.8 vs. 6.14; 6.12 vs. 6.9 upper row;

6.11 vs. 6.10a, b)
— coexisting CNV or conversion into vessels similar to CNV (Fig. 6.10b (OCTA

image), Fig. 6.6 (ICGA stereo image) with large extensions and polyps at the rim
as a source of peripheral PEDs (Fig. 6.6) [UEHT: 11%]
— remodelling and new locations of polyps (Figs. 6.12 and 6.17).

What to do if ICGA was not possible?
Figure 6.5b, ¢ shows that in some cases diagnosing PCV without ICGA 1is pos-

sible with high probability using OCT.
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Fig. 6.10 Same patient as in fig. 6.11 but at a later stage: (a) Stereo ICGA 01:27 shows slow
change of BVN into classic CNV. Also small hyperfluorescent dots lined up at the surface of chori-
dal vessels are visible (yellow arrowheads). (b) OCT-angiography of the same patient years later
depicts now vessels resembling classic CNV

Fig. 6.11 Same patient as in Fig. 6.10a, here at an earlier stage with stereo ICGA (00:51): Notch
of hypofluorescent PED with polypoidal lesion inside the notch rising, suggesting to be the source
of new PED (yellow arrowhead). Other polyp (white arrowhead) does not contribute to the PED
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Fig. 6.12 Same patient as in Fig. 6.9 (lower row) but here at an ealier phase. Early phase ICGAs
(right 1:21, after anti-VEGF therapy): left image shows polyps at the rim of BVN at the location
of one of the two PED notches (yellow arrowhead) before treatment. The second notch shows a
suspected polyp; right image after anti-VEGF therapy with loss of former polyps, but long feeder
vessels now crossing the PED (yellow arrowhead) to form new polyps (red arrowhead) at the rim
of the still existing PED (hypofluorescent area), first BVN becomes more visible (black
arrowhead)

Fig. 6.13 (a, b) OCT of same patient, yellow circles indicate locations in fundus image and OCT
scan. Of the three tomographic notches in OCT (b) one clearly shows two hyporeflective spaces as
part of the polyp complex (enhanced in ¢). Thus, OCT notch can be a sign of PED vascularization.
The location of these vessels in OCT correspond to the location of the polyps (ICGA in d)



108 W. Inhoffen

Fig. 6.14 Same patient as in Fig. 6.8, here at a later time: (a) OCTA enface and (b) corresponding
flow B scan (vessels with flow in red) along the green blue line show that progressive BVN does
not lead to PED nor NSD automatically. Nevertheless, BVN (OCT at different scan location) can
be exudative as depicted in OCT scan (c¢)

6.2.2 Imaging of PCV in OCT

Possible OCT signs are [22]:

— Double layer sign in 58% (= flat detached RPE, separated from Bruch’s mem-
brane by hyperreflective tissue and connected to a PED)

— several small and steep PEDs with medium reflectivity or internal structures in
close vicinity (“bola sign”) in 23% (Fig. 6.17 ¢)

— needle-shaped PEDs (“needles”) mostly contain polyps, may arise directly from
choroidal vessels as part of the polyp complex (Figs. 6.16 and 6.17)

— polyps may appear adherent to the inner side of detached PE, pushing the PE
upwards more at the region with adherence (this is described as*“tomographic
notch”, not to be confused with the “angiographic notch” visible in ICGA)
(Figs. 6.13 and 6.16).

— Connections between PEDs and polyps can be depicted using 3D SD-OCT pro-
grams (Figs. 6.17, 6.18, and 6.19)
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Fig. 6.15 Same patient as in Fig. 6.3: ICGA (00:31, right) and OCT-angiography left show
internal structure of polyps and interconnecting vessels, polyps with feeder vessels (white
arrowhead)

03/2009 10/2010 10/2011

05/2013 10/2015

Fig. 6.16 OCT of the patient in fig. 6.12: Behavior of PED after therapy over time: BVN increas-
ing (first yellow arrowhead) and notch “moves” to the left (second yellow arrowhead, hyperfluo-
rescent area below) crossing the PED and moving thereafter outside the PED to form a needle
(third yellow arrowhead). The PED has now less height but fibrovascular tissue inside below the
RPE (white arrowhead) and did not regress totally. The former OCT notch inside the PED has
gone (resolved notch)
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Fig. 6.17 (a) ICGA 7:51 of the same patient, later stage: one polyp marked with yellow arrowhead
and BVN area (black arrowhead). (b) A corresponding three-dimensional image (later time) show-
ing needles (yellow arrowhead: same polyp as marked in (a)) and PEDs can be obtained by using
Spectralis OCT volume scan (10 pm separation, manual segmentation, top layer RPE, bottom layer
BM). (¢) Cirrus 5000 OCT cube modus and 3D presentation of RPE protrusion of another patient:
the first large PED was formerly on the right of this image, then it lowered and progressed to
another PED on the left side of the image; small PEDs around are seen, connected to the main PED
(“Bola sign,” similar to Boccie game: spheres with a track in the sand, black arrowheads)

Fig. 6.18 Another patient: Left side with ICGA (01:14): BVN and polyps; right side same image
but with 40% Spectralis enface overlay showing the polyps enclosed inside a PED and additional
PEDs without polyps (“associated PEDs,” see next figure)



6 Retinal Pigment Epithelial Detachment in Polypoidal Choroidal Vasculopathy 111

Fig. 6.19 Same patient and Spectralis OCT volume scans number 20 down to 13: polyps (visible
in scan 18) seem to be connected to the temporal PED near the fovea (scan 14) as there is continu-
ous PED starting from the polyps. Thus, if activity of these polyps can be stopped, the associated
PED near the fovea should vanish. This was indeed the case after PDT treatment.

de Salvo et al. [23] recommends the diagnosis of PCV to be based on the pres-
ence of at least 3 different of 4 OCT signs:

— multiple PEDs

— sharp PED peak (needle)

— PED tomographic notch

— rounded hyporeflective area representing the polyp lumen within the hyperreflec-
tive lesions adherent to the underside of the RPE

Imaging of PCV in OCT-angiography (OCTA):

The latest imaging technology is OCTA, detecting a vessel if reflectivity
changes at repeated measurements at the same fundus location are high enough.
We used the AngioPlex Cirrus 5000 (Carl Zeiss Meditec, Germany), which gave
excellent images of BVN in enface technique. OCTA may also help in detecting
BVN and polyp changes spontaneously or after therapy, especially when remod-
elling of the polyp area occurs. However, detection of low flow in polyps turned
out to be uncertain: the polyps were not as bright as in ICGA (Fig. 6.20), or they
remained “dark” and hereby undetectable. Only 13% of polyps were better visu-
alized by OCTA compared to ICGA, sometimes they could be detected on OCTA
as hypo-flow structures contrasting with hyper-flow BVN [24]. Compared to
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Fig. 6.20 Another patient:
Inset shows an OCTA
enface image with
additional yellow points
indicating the locations of
polyps detected from the
underlying ICGA (inset
right side). Thus, not all
polyps are shown in OCTA
and they are mostly not
recognizable as such even
when compared with
ICGA findings. Some
polyps show in OCTA as
dark (=hypo-flow) areas

OCTA, detection of polyps using conventional B scans from SD-OCTs was easier
(Fig. 6.1b3).

Interestingly, OCTA shows that BVN vessel can sprout directly from big choroi-
dal vessels below Bruch’s membrane as small caliber vessels, explaining why in big
lesions the BVN has more than one source [UEHT].

Possible OCTA signs are:

— polyps can be surrounded (wrapped) by BVN vessels (Fig. 6.15)
— in contrast to CNV, vascularization of PEDs induced by PCV progresses along
the detached PE (Figs. 6.14, 6.16 and 6.21).

6.3 Natural History

Yannuzzi first described a prolonged, relapsing and recurring course. Uyama et al.
[25] reported that 50% of untreated eyes with PCV remained stable and maintained
vision of 20/30 or better for at least 2 years. Sho et al. [26] compared PCV with
neovascular AMD and reported that eyes with PCV may manifest clinically more
slowly than AMD.

Cheung et al. [27] studied the time course of 32 eyes with active and symptom-
atic PCV. At month 12, visual acuity improved in 22%, remained unchanged in
31%, and worsened in 47%.

Reasons for poor vision over time were retinal or subretinal hemorrhage, PE
atrophy, or scarring.

Our own observations with untreated eyes are somewhat similar to anti-VEGF-
treated eyes: polyps may bleed, grow or leak, regress, and a CNV may appear. After
regression of a polyp, a new BVN may progress with new polyps forming further
away. The BVN itself may also leak and cause subretinal fluid accumulation or
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Fig. 6.21 Patientin fig. 6.8 with OCT findings after anti-VEGF therapy: (a) "Needle" (steep PED, first
red arrowhead) grows upwards after 8 months and a second tomographic notch arises (b) (red arrow-
head). (¢) and (d) After 15 and 27 months new PEDs to the right (with sub-PE material) and to the left
arise (red arrowheads) indicating further growth of BVN. (e)After 36 months, macular NSD and grow-
ing PED/sub-PE material at the left (black arrowhead) were visible while the PED at the right remained
stable. (f, g) After change to aflibercept, the PED at the left gradually decreased (black arrowhead), but
NSD was still persistent after 59 months (h) with increasing sub-PE material (black arrowhead).

intraretinal edema. Development of RPE atrophy and its progression to late-stage
disease can be related to resolution of PED or flattening of the lesion, chronic leak-
age through the RPE and cystic intraretinal degeneration.

6.4 Therapy

Therapeutic options for PCV are:

e Laser Treatment (Photocoagulation)
e vPDT = Photodymanic treatment with verteporfin
e anti-VEGF therapy with:

— ranibizumab
— aflibercept
— bevacizumab
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6.4.1 Laser Treatment (Photocoagulation):

Yuzawa described laser photocoagulation in 47 PCV eyes [28]. The percentages of
increased or stable vision after 1-3 years was 90% when BVN and polyps were
treated and reduced to 75% when only polyps were treated. Thus, laser photocoagu-
lation of both BNV and polyps was recommended. Vision deterioration was due to
recurrent serosanguineous detachment and development of classic CNV.

Shiraga et al. [29] described laser treatment of extrafoveal peripapillary
PCV. BVN and polyps were coagulated using a 689 nm wavelength laser and the
beam focussed on the RPE beneath the detachment until a grayish-white lesion was
attained. Follow-up was 27 months (mean), mean visual acuity did not change sig-
nificantly, subretinal fluid resolved 1 month after laser treatment.

Drawbacks of laser treatment are scotomas induced by laser scars, risk of RPE-
rip, partially obscured polyps beneath hemorrhagic areas and the lacking possibility
to treat hemorrhagic areas directly. However, laser photocoagulation may be an
option in eccentric active PCV areas without hemorrhagic PEDs.

6.4.2 PDT

When performing PDT, the whole lesion of BVN and polyps has to be treated.
However, there is no consensus on optimal disease management, and PDT dosing
including possible combination therapy with anti-VEGF compounds are still under
investigation [30].

PDT treatment of PEDs induced by PCV is a challenge: it is easy when PEDs are
small, polyps/BVN are clearly visible (Figs. 6.4, 6.18), and PDT laser area can
cover BVN as well as polyps. However, PDT treatment is impossible if polyps are
obscured by hemorrhage/PED or if the whole lesion is very large (Figs. 6.1c, d, 6.6,
6.9 upper row, 6.11, and 6.12). Treating only visible polyps and BVN of the patient
in Fig. 6.12, left side, (Fig. 6.13 with OCT) would include most parts of the inho-
mogeneously vascularized PED inducing a high risk of RPE tear and hemorrhage.
The same holds true after progression as shown in Fig. 6.17a-c: PDT would then
have to include all PEDs and needles.

6.4.3 Anti-VEGF Treatment

Ueno et al. [31] examined PCV lesions treated with ranibizumab alone, using [CGA
and OCT. At 3 months, 35% (26 eyes) resolved on ICGA, but 67% (33 eyes) had
persistent lesions on ICGA and OCT.

Kang and Koh [32] reported a more than 3-year follow-up study with ranibi-
zumab alone. BCVA was significantly improved by 1 month and could be maintained



6 Retinal Pigment Epithelial Detachment in Polypoidal Choroidal Vasculopathy 115

up to 12 months, then deteriorated. Mean number of injections were 11.45 + 7.81
during the mean follow-up of 43 months, mean CRT decreased from 368 to 294 pm,
but 67% of eyes showed recurrence of PCV.

Doubling the dose of ranibizumab (2.0 mg instead of 1 mg) lead to higher
rates of polyp closure (79% vs. 38%) and better resolution of subretinal fluid
(82% vs. 66%) over 12 months; however, BVN persisted and visual results did
not reflect these anatomic results (Kokame, PEARL-study [33], Kokame,
PEARL-2-study [34]).

Comparing monotherapy of ranibizumab based on PrONTO OCT criteria versus
monotherapy vVPDT, the LAPTOP-study, a phase IV, 24-month study showed that
VA improvement was significantly greater with ranibizumab compared to
vPDT. Complete resolution of polyps in ICGA, however, was achieved in 77% with
vPDT and in 61% with ranibizumab, growth of PCV after PDT was seen in 9%, and
in 6% after ranibizumab [35].

Another anti-VEGF compound, aflibercept, is being used increasingly for PCV
and PCV-associated PED. In a short-term efficacy study (16 eyes, 6 months) of
aflibercept monotherapy (Inoue et al. [36], initially three times aflibercept followed
by aflibercept every 2 months) 75% of the polyps were closed in ICGA but only
13% showed a decrease in size. Of the nine eyes with PED, five had complete reso-
lution, while four exhibited only a partial decrease. 14 of 15 eyes with subretinal
fluid showed complete resolution (93.3%). Similar results were obtained in another
6 months study by Hosokawa et al. [37]. However, in contrast to the polyps, BVN
was resistant to aflibercept.

6.4.4 Combination Treatment (vPDT and anti-VEGF)

Kang et al. [38] reported the long-term outcome of vPDT with or without additional
anti-VEGF treatment of PCV after 5 years. vPDT was administered when polypoi-
dal lesions with exudative changes were observed by ICGA, and intravitreal anti-
VEGF was given when exudative changes were observed with no definite polypoidal
lesions.

Recurrence was noted in 33 eyes (78.6%) during follow-up. After 60 months,
mean BCVA was improved in 33.3%, stable in 54.8%, and decreased 11.9%, with
mean VA improving from 0.16 to 0.2. Mean recurrence interval after first remission
was 25.2 months. The extent of abnormal branching vascular network was stable in
5 eyes and enlarged in 28/36 eyes at the 60-month follow-up with respect to base-
line observations. Among the 28 eyes showing an expanded abnormal branching
vascular network, 25 of them had new polypoidal lesions in the periphery of their
abnormal vascular networks. The authors considered vPDT (with additional anti-
VEGF as needed) an effective treatment for PCV despite the high recurrence rate.

Wong et al. [39] treated patients starting with half-dose vPDT to avoid atrophy.
vPDT was given within 7 days after intravitreal ranibizumab. If disease activity was
seen on OCT, ranibizumab was further given after a certain therapeutic algorithm.
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After 1 year, there was no closure but regression of polyps in ICGA, increase in VA
and decrease in CRT, achieved with 1-3 PDTs and 1-7 ranibizumab injections, with
best results for lesions with only one polyp.

The EVEREST study started in 2008 with Asian patients is the first multicenter,
double-masked, randomized, controlled trial with an angiographic (not OCT
defined) treatment outcome designed to assess the effect of Verteporfin PDT alone
(vPDT, treatment of the whole lesion: BVN plus polyps) or in combination with
ranibizumab (vPDT-R) compared to ranibizumab alone (R) in patients with symp-
tomatic macular PCV [40, 41]. It was shown that a complete polyp regression (=no
flow in ICGA) was achieved in 78% (vPDT-R), 72% (vPDT) and 29% (R), respec-
tively. Ranibizumab alone was nevertheless effective in the absorption of subretinal
fluid. VA improved after 6 months by an average of 11 letters (vPDT-R), 8 letters
(vPDT), and 9 letters (R) from baseline. Thus, complete polyp closure does not
seem to be necessary to gain vision. The authors therefore recommended vPDT
therapy in the initial treatment phase in all active lesions. Combination therapy with
ranibizumab was advocated if there was:

— leakage from BVN and polyps

— large exudation associated with PED

— ICGA features ambiguous between PCV and CNV

— lesions were a combination of PCV and typical CNV.

Monthly reexamination should be performed in the first 3 months, with repeated
FA, ICGA, and OCT every 3 months. vPDT retreatment was recommended if there
was incomplete regression of polyps in ICGA. In case of leakage on FA or OCT
signs of activity (subretinal fluid, PED) or significant decrease in visual acuity (5
letters), retreatment with ranibizumab was recommended.

Classification of different PCV types in the same study showed that therapy
outcome was best in PCV with polyps showing only interconnecting vessels, fol-
lowed by PCV with BVN without leakage and was worst in PCV with BVN and
leakage [42].

Anti-VEGF therapy may influence activity of the polyps with following resolu-
tion of associated PED, but often the polyps themselves cannot be resolved (Fig. 6.16)
even after repeated vPDT in combination with anti-VEGF: ICGA showed no flow in
the polyps of Fig. 6.18 after vPDT, but in OCT the polyps were still present, although
slowly regressing in height. The behavior of the lesions over time in Fig. 6.21 shows
how PCV progresses from the middle of the scan to the left side, although treated
with anti-VEGF: the needle on the left is growing upward first (b) as a second pre-
sumed polyp nearby arises to the right. The next PEDs arise to the left (c-d) and the
original needle is collapsing (d) indicating progress of BVN and resolved polyps.
Vascularisation of the highest PED progresses to the left (e) and this PED was
reduced after therapy switch (f-h), but after 5 years the BVN in the middle of the
scan is leaking persistently (h). The appearance of “walking needles into the periph-
ery” in Figs. 6.16 and 6.21 seems to be a typical behavior of PCV lesions.
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Kokame [33] recommends concerning therapy:
— Patient asymptomatic and without visual loss: wait
Otherwise,

— VA equal or better than 20/50: anti-VEGF therapy alone (risk of hemorrhage
after vPDT)

— VA equal or worse than 20/60: vPDT or vPDT plus anti-VEGF

— persistent leakage despite resolution of polyps after vPDT: continue with anti-
VEGEF in between the potential 3-monthly vPDT.

Thus, anti-VEGF on an “as needed” basis may be a good choice and needs only
simple fundus/OCT criteria (hemorrhage, fluid, PED height). ICGA can be per-
formed from time to time, but not based on a rigid 3-monthly basis. As an example:
Hemorrhages at the rim of the lesions were treatable with anti-VEGF alone
(Fig. 6.1a).

After therapy:

— exudation (neurosensory detachment, cysts) may vanish with or without resolved
PED

— PED may be unchanged or regresses in part or totally down to the height of BVN
tissue

— vascularization of PED may progress radially

— new PEDs or needles with or without connection to the old PED, may be seen,
which in turn may regress with time partially or completely (“walking PEDs”)
(Figs. 6.16, 6.21)

— BVN may remain unchanged

— even old PCV lesions may change to activity at their rim with massive hemor-
rhage (same as in disciforme scars)

Individualized treatment plans are necessary as the disease course can vary in
many aspects over time. One possibility seems to be a Treat and Extend regimen
[43]. Most probably, other or additional agents will help to optimize PCV treatment,
e.g., longer lasting anti-VEGF agents in combination with other antibodies.

Our own experience is that visual acuity decreased from 0.4 to 0.33 during a
mean time of observation after first therapy of 72 months. In maintenance phase, we
treated our patients with vPDT and/or anti-VEGF (ranibizumab, aflibercept) based
mainly on OCT and fundus criteria reducing the burden of many invasive examina-
tions (FA/ICG): retreatment if PED progresses or hemorrhages and exudation in
OCT occur. Patients received a mean of 1.9 vPDT treatments in total and 3.5 anti-
VEGF treatments/year. Switching between aflibercept and ranibizumab showed no
consistent outcome. In five patients, there was spontaneous absorption of persistent
subretinal fluid. Poor outcome of visual acuity may be due to increased examination
intervals. This emphasizes again the need for a strict regimen with monthly
examinations.
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6.5 Differential Diagnosis

The differentiation from CNV may be very difficult (Fig. 6.22). Often, patients are
diagnosed as occult CNV in AMD if only FA is performed. But even if ICGA is
additionally performed, PCV diagnosis may be missed if only leaking BVN with
small protrusions along choroidal vessels below Bruch’s membrane is found at the
beginning. When polyps appear in later ICGA examinations, diagnosis is changed
to PCV.

Chronic CSCR can be confused with PCV as some PEDs or atrophic areas may
be round and bright in FA/ICGA. But ICGA does not show a BVN in chronic
CSCR. Nevertheless, secondary PCV may arise.

An RPE tear may also lead to massive hemorrhage subretinal, but there are no
polyps in FA/ICGA.

The hot spot in early stages RAP-lesion showing a small hyperfluorescence in
FA and ICGA may be mistaken for a PCV lesion, but mostly a visible anastomosis
can be shown in ICGA.

At first sight in Fig. 6.23, there may be a macroaneurysm at the upper arcade, but

OCT clearly depicts two polyps covered by PE.

Fig. 6.22 Another patient with PED and suspected PCV due to ICGA findings (time 03:53, (a)). (b)
ICGA 07:53 as before (left) and overlays with OCT (b1, b2): Protrusion/OCT notch at the top of
PED where the suggested polyp is located (upper middle) and OCT notch at the right edge of CNV
(material below PE of PED, right). Also, the double layer sign is present (OCT, ¢). Thus, a PCV was
assumed and vPDT was applied, but 2 months later the lesion has grown with CNV appearance
reaching the boundaries of the PED ((d), OCTA). In conclusion, the lesion before vVPDT was not a
PCV (with polyp) but a CNV (or PCV without polyp) instead, not responding to vPDT
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Fig. 6.23 Another patient: Above the central scar, two reddish lesions (encircled, a, b, nodules)
near a retinal vessel are not macroaneurysms as the OCT scan below (c¢) shows polyps (with 2
notches), enclosed by PE, which excludes the possibility of retinal macroaneurysms.6.6

6.6 Natural History

Summary PCV is a very inhomogenous sub-division of exudative maculopathies
with features ranging from only slight disturbances as in occult CNV to devastating
and extensive exudative and hemorrhagic lesions comprising the whole posterior
pole. The suspicion of possible PCV should always be raised in patients with
multiple different features (edema, hemorrhages, hard exudates) and in patients not
showing the expected results under anti-VEGF-therapy alone. Supplementary
ICGA should then always be performed
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Chapter 7
Retinal Pigment Epithelial Tears:
Clinical Review and Update

Christoph Roman Clemens and Nicole Eter

7.1 Introduction

Retinal pigment epithelium (RPE) tears are known to occur as a natural result in the
course of retinal pigment epithelial detachment (PED) because of underlying cho-
roidal neovascularization (CNV), retinal angiomatous proliferation, or polypoidal
choroidal vasculopathy. They represent a rare complication in exudative AMD;
however, they frequently result in a devastating loss of visual acuity [1-3]. Since the
beginning of intravitreal anti-VEGF therapies in patients with PED due to exudative
AMD, the incidence of RPE tears has increasingly been reported as a complication
after injection. Meanwhile, the evolution of retinal imaging has significantly con-
tributed to a better understanding of RPE tear development. In the light of an
increasing number of intravitreal injections, clinicians face more frequently the
question of RPE tear prevention as well as the treatment after tear formation. Thus,
this chapter shall highlight current aspects on RPE tear development, predictive fac-
tors, and treatment strategies before and after RPE tear formation.

7.2 Epidemiology

In 1981, Hoskin and coworkers firstly identified RPE tears as a complication in
patients with PED due to AMD [4]. RPE tears can be either part of the natural
course of a vascularized PED (VPED) or they can occur in association with various
treatments such as photodynamic therapy, laser photocoagulation, or
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transpupillary thermotherapy [5—7]. The incidence for RPE tears is reported to be
between 5 and 27% in the elderly during different observation periods [1-21].
Casswell reported a spontaneous tear rate of VPED of 10% during a follow-up of
1 year or more [1]. In today’s clinical routine, most RPE tears seem to be closely
associated with anti-VEGF treatments and have been reported for the substances
pegaptanib, bevacizumab, ranibizumab, and aflibercept [§—11]. A broad variety of
RPE tear incidences are reported under different treatment agents and various
treatment regimens [12-22]. For instance, a large retrospective 1-year study of
1280 eyes treated with bevacizumab included 125 eyes with a VPED showing a
RPE tear rate of 16.8% [12]. In a case series with 22 patients with VPED treated
with pegaptanib, six patients developed RPE tears during the first injections [13].
Clemens and coworkers reported a tear incidence of 25% in a prospective 1-year
study of a monthly ranibizumab regimen in 40 patients with vPED [14]. Recently,
Sarraf et al. presented results from a prospective randomized study on 0.5 or 2.0 mg
ranibizumab therapy based on a monthly or pro re nata regimen in eyes with vPED
that showed an incidence of 14% (5/37 patients). Interestingly, four out of the five
reported RPE tears occurred in the high-dosage group [15]. Up to date, there is no
prospective data available on the RPE tear rate in vPED patients under a treatment
of aflibercept [11].

Notably, reported incidences of RPE tears in the literature must be interpreted
cautiously as underlying patient collectives, treatment regimen as well as nomencla-
ture of morphologic lesions tend to be very heterogeneous. Although there is no
comparative study between natural course and therapy, it appears likely that risk of
RPE tears is increased under anti-VEGF therapy.

7.3 Imaging

7.3.1 Color Fundus Photography

Sarraf and coworkers introduced an RPE tear grading system including color fun-
dus photography (CFP) [22]. Grade 1 tears were defined as <200 pm. Grade 2
tears were between 200 pm and 1-disk diameter. Grade 3 tears were >1-disk diam-
eter. Grade 4 tears were defined as Grade 3 tears that involved the center of the
fovea.

An RPE tear may be suspected based on an often well-defined hyperpigmented
line at the site of the rolled RPE, and a depigmented area corresponding to the
exposed choroid (Fig. 7.1a) [4]. Compared to other modalities, CFP allows to
clearly differentiate retinal or subretinal hemorrhages from RPE tear areas. In con-
trast, in fundus autofluorescence (FAF), hemorrhages block the autofluorescent
properties of the retina, which often interferes with a distinct RPE tear area detec-
tion. This makes CFP indispensable in this entity.
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Fig. 7.1 Multimodal imaging of an exemplary patient with vascularized pigment epithelial
detachment (VPED) due to age-related macular degeneration after retinal pigment epithelium
(RPE) tear development. (a) Color fundus photography shows a depigmented area corresponding
to the exposed choroid (star) and a hyperpigmented area corresponding to the enrolled RPE (dia-
mond). (b) Confocal scanning laser ophthalmoscopy (cSLO) fundus autofluorescence (FAF)
image shows a large sharply delineated, hypoautofluorescent signal in the RPE tear area (star) as
well as a hyperautofluorescent area corresponding to the enrolled RPE (diamond). (¢) Late phase
fluorescein angiography reveals choroidal neovascularization (CNV) in the inferior part of the
lesion (circle) and a hyperfluorescent signal in the tear area. Notably, RPE tear has occurred at the
opposite side of CNV localization. (d, e) Combined cSLO near-infrared image and spectral-
domain optical coherence tomography (SD-OCT) scan showing a normal architecture of the outer
retinal bands in the first part. In the second part, the free edge of torn RPE is being retracted
towards the CNV. Note the missing RPE band in the RPE tear area representing the third part

7.3.2 Fundus Autofluorescence

In FAF imaging, areas of RPE tears exhibit a markedly reduced autofluorescent
signal because RPE cells with fluorescent lipofuscin are lost in the tear area [23].
Small RPE tears are more evident in FAF and are easier to detect than in CFP—in
cases without associated hemorrhage. The high contrast of these reduced autofluo-
rescent areas, compared with the intact RPE, allows for an easy and accurate deter-
mination of lesion boundaries, especially in recent tears (Fig. 7.1b). The configuration
of RPE tears is classified as unilobular if RPE areas are homogeneously formed and
as multilobular if RPE defects consist of two or more lobes separated by a piece of
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intact RPE [24]. Over time, edges of reduced autofluorescence become hazier and
less demarcated in FAF imaging. Remodeling processes at the border zone do not
seem to be detectable by FAF imaging during the first few months [25]. Reduced
autofluorescent areas in FAF due to RPE tear formation do not show patterns of
abnormally increased FAF in the junctional zone of atrophy as it was previously
described in geographic atrophy (GA) due to AMD [26].

7.3.3 Fluorescein Angiography

In 2010, Sarraf et al. described a thin defect at the margin of the PED with a subtle
ring sign of hyperfluorescence in fluorescein angiography (FA). This observation
was found in RPE tears grade one and represents a microscopic RPE defect detect-
able in corresponding OCT scans. Lesions >200 pm present angiographically as
small oval hyperfluorescent defects at the edge of PED with early transmission and
late staining and a subtle inner edge of hypofluorescent blockage. Larger RPE tears
show a large crescentic area of early transmission hyperfluorescence with an adja-
cent patch of hypofluorescent blockage at the site of the rolled RPE (Fig. 7.1c) [22].

7.3.4 SD-OCT

Looking at an SD-OCT scan, three parts of an RPE tear can be distinguished. In the
first one, the outer retinal bands show a normal architecture. In the second part, the
retina forms a dome-shaped detachment from the choroid. In this elevated zone,
SD-OCT shows the free edge of a wavy, contracted RPE being retracted towards the
CNV. The rolled RPE causes a hyperreflectivity and an intense back-shadowing,
which completely masks the choroid. In the third part, the RPE is completely absent
and the neurosensory retina appears thinned. SD-OCT demonstrates an increased
depth signal due to the absent RPE monolayer (Fig. 7.1d). In some cases, an exuda-
tive reaction between the neurosensory retina and the choroid can be visualized in
the follow-up after the acute event. In other cases, the neurosensory retina remains
directly on the choroid [27].

7.4 Mechanism of RPE Tear Formation

For many years, numerous authors have postulated a RPE tear mechanism based on
contraction of fibrovascular membranes [28-31]. Arevalo firstly described an
increase in fibrovascular traction under anti-VEGF treatment in patients with prolif-
erative diabetic retinopathy [32]. Later on in the anti-VEGF era, an increase in the
RPE tear incidence in AMD patients was interpreted as a confirmation of the
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established theory of traction forces causing the tear event. Contraction of CNV
membranes induces shrinkage of the RPE, which may cause an increased tension on
the surface of the cavity. During this process, two opposite forces are acting on the
marginal RPE: traction forces from CNV contraction and adhesive forces from the
RPE that is still attached. The increase in contraction eventually results in the ana-
tomic failure of the RPE at the junction of attached and detached RPE [27, 33].

Contracture of this CNV adherent to the undersurface of the RPE applies the
maximum traction at the junction of the attached and detached RPE representing
the “locus minoris resistentiae”” and lying perpendicular to the CN'V’s contraction
force. The contracted RPE monolayer comes to rest on the side of the CNV, the
origin of contraction, which becomes evident in SD-OCT or as increased autofluo-
rescence in FAF.

RPE tear formation in fibrovascular PED, in which the lesion cavity is entirely
filled by the CNV membrane, is less frequent presumably as contraction forces in
response to an anti-VEGF therapy may spread evenly over the entire PED lesion
exposing the RPE monolayer to less mechanical stress. Interestingly, RPE tears in
patients under anti- VEGF therapy tend to occur within 1-3 months of the beginning
of intravitreal treatment whereas late onset RPE tears tend to occur in treatment-
naive patients or in patients treated with PDT [16].

7.5 Predicting Factors

The identification of reliable risk factors of RPE tears is of great clinical impor-
tance. So far, several prognostic markers for an impending RPE tear have been
described: (a) PED lesion’s height and diameter, (b) a small ratio of CNV size to
PED size, (c) hyperreflective lines in near-infrared images, (d) subretinal clefts, (e)
microrips, and (f) duration of PED.

(a) Chan and coworkers postulated PED height to represent a predictor of RPE
tears. They reported an increased prevalence of RPE tears in PED lesions higher
than 400 pm [12]. Several other authors addressed the issue of at what cutoff
point PED height becomes a risk factor. Doguizi et al. statistically determined
that 580 pm may be regarded as the cutoff point of PED height for the risk of an
RPE tear [18]. Similarly, Sarraf et al. described a height of 550 pm as a high-
risk factor for the subsequent development of an RPE tear. Leitritz and cowork-
ers additionally described an increasing probability of RPE tears particularly
beyond the height of 400 pm [15, 34]. Chiang et al. hypothesized that an
increased surface area and a large linear diameter of a subfoveal PED both rep-
resent predisposing factors for RPE tear development (Fig. 7.2a) [19].

(b) Chan et al. reported a stronger tendency to tear development in those PED
lesions that show a smaller ratio of CNV size to PED size (Fig. 7.2b) [21].

(c) Confocal scanning laser ophthalmoscopy (cSLO) near-infrared reflectance
(NIR) images often reveal another predictive marker for an impending RPE
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Fig. 7.2 Retinal pigment epithelium (RPE) tear risk factors in patients with vascularized pigment
epithelial detachment (VPED) due to age-related macular degeneration. (a) Spectral-domain opti-
cal coherence tomography (SD-OCT) scan of a vPED lesion with both a large diameter and a large
height. (b) Indocyanine green angiography image illustrating the concept of a small CNV/PED
ratio. Hyperfluorescence superiorly represents a small choroidal neovascularization (CNV) while
the round hypofluorescence represents the large dimensions of the VPED resulting in a small ratio.
(¢) Confocal scanning laser ophthalmoscopy (cSLO) near-infrared image of another vVPED lesion
shows hyperreflective lines originating from the edge of VPED that spread like a funnel across the
lesion. (d) Combined cSLO fundus autofluorescence and SD-OCT of another patient depicting
small hypoautofluorescences at the edge of a VPED indicating areas of microrips (arrow heads)
that correspond to microscopic RPE defects detectable in the SD-OCT scan aside (circle).
(e) Enhanced depth imaging SD-OCT scan showing a subretinal cleft. Arrow points to hyporeflec-
tive space underneath the sub-RPE neovascular tissue

tear. Hyperreflective lines that originate from the edge of PED lesions corre-
spond to the CNV localization observed in angiography (Fig. 7.2c). Additionally,
these hyperreflective lines in NIR correlate with folds in the RPE as detectable
in corresponding SD-OCT scans [33]. These imaging findings illustrate the
mechanical stress that the RPE is exposed to and that is caused by both CNV
contraction and CNV relaxation.

(d) Another sign of increasing mechanic stress in the sub-RPE space is the subreti-
nal cleft recently described by Mukai and colleagues as a hyporeflective space
between choroidal neovascularization and Bruch’s membrane under the
PED. They reported the formation of this characteristic morphology prior to
RPE tear development in three patients suggesting this SD-OCT characteristic
as a potential risk factor (Fig. 7.2e) [35].

(e) Microrips of the RPE were firstly described as a leak at the edge of the RPE
detachment with passage of fluorescein into the subretinal space [36]. Clemens
et al. recently postulated to regard microrips as a RPE tear risk factor presenting
a patient with microrips that developed a foveal RPE tear after one anti-VEGF
injection. Microrips supposedly lower the threshold of RPE resistance and an
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increase in contraction after anti-VEGF therapy may eventually result in the
anatomic failure of the RPE (Fig. 7.2d) [37].

(f) Doguizi and coworkers reported an inverse relationship between the duration of
PED and RPE tear formation. Based on their research, they postulate that a
short duration of PED means that the neovascular process is fresh featuring
immature vessels which are more susceptible to anti-VEGF agents resulting in
more dramatic responses to anti- VEGF therapy [18]. Most RPE tears occur dur-
ing the first three injections which additionally suggests that one should con-
sider a pro re nata regimen with careful observation particularly during the
uploading phase in high-risk PED patients.

In patients at risk for a RPE tear, it is recommended to perform a thorough exam-
ination including SD-OCT and FAF after each injection. If several predicting fac-
tors accumulate or single risk factors significantly grow during an anti-VEGF
treatment, we postulate to pause the injection therapy, to re-evaluate the VPED
lesion 1-2 weeks later, and to re-inject if signs of CNV contraction have declined,
for instance, if RPE folds decline or hyperreflective lines disappear. Such an adapted
regimen may make anti-VEGF therapy safer with regard to RPE tear development
in vPED patients at high risk. Besides the issue of the most appropriate anti-VEGF
agents for high-risk RPE tear patients, another unanswered question is whether a
certain treatment regimen may be beneficial to adhere to regarding tear develop-
ment in this patient group. Particularly patients that show predisposing factors must
be informed about the chance of tear development during anti-VEGF treatment.

7.6 Therapy After Tear Formation

Controversy exists among clinicians regarding treatment criteria after formation of
RPE tears.

Doguizi et al. found stable visual acuity results in 28 patients with continued
anti-VEGF therapy after the formation of RPE tears within a mean follow-up period
of 20.6 months. The mean number of anti-VEGF injections was 4.1 during this
period. Final visual acuity was worse for the larger RPE tears (Grades 3 and 4) when
compared with the smaller tears (Grades | and 2) which is in accordance with Sarraf
and coworkers [18, 22]. A retrospective analysis of data from three phase III ran-
domized, multicenter clinical trials of ranibizumab for the treatment of neovascular
AMD showed that among patients who had an RPE tear, those treated with ranibi-
zumab tended to have better improvements in visual acuity [38]. Similar functional
results were reported by Coco and colleagues [39]. Improvements in visual acuity
have also been reported in patients with spontaneous RPE tears who were subse-
quently treated with anti-VEGF therapy [40]. Recently, Bartels et al. reported a case
of significant functional improvement in microperimetry and morphology after con-
tinuation of anti-VEGF therapy over 3 years because of persistent subretinal and
intraretinal fluid after tear formation [41].
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At present, an interventional multicenter trial is currently recruiting patients and
investigates the effect of fixed monthly intravitreal injections of ranibizumab on
visual acuity and retinal morphology over a study period of 12 months in 30 patients
with an RPE tear due to neovascular AMD (ClinicalTrials.gov Identifier:
NCTO01914159). Reinjection after RPE tear has to be carefully evaluated as RPE tear
area may increase significantly under anti-VEGF therapy. Asao and coworkers evalu-
ated the effects of additional anti-VEGF therapy in ten eyes with a RPE tear after
anti-VEGEF therapy over 12 months. They observed an increase in RPE tear area size
>20% in half of the included eyes [42]. Clemens et al. presented three patients ini-
tially presenting with a multilobular RPE tear revealing a significant enlargement of
RPE tear with foveal involvement after another anti-VEGF injection (Fig. 7.3) [24].

Fig. 7.3 Representative examples for a multilobular RPE tear area increasing under intravitreal
therapy. (a) Fundus autofluorescence demonstrates an RPE tear consisting of three lobes (stars)
with two RPE strands in between (arrows) and (b) shows an RPE tear consisting of two lobes
(stars) with one RPE strand in between (arrow). Follow-up images on the right show a clear
increase in RPE tear area, respectively
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On the other hand, the same study showed that unilobular RPE tear defects remained
stable during a 6-month follow-up period. Measuring RPE tear areas in these patients
may have therapeutic consequences. If RPE tear area in multilobular lesions increases,
intravitreal anti-VEGF therapy should be postponed and re-treatment should only be
considered if signs of disease activity further increase. Currently, most retina experts
recommend continuing anti-VEGF treatment after RPE tear development based on
the presence of disease activity such as intra- or subretinal fluid.

Mukai et al. observed two types of repair processes after RPE tear development
in a small imaging study of ten patients [43]. Firstly, persistent subretinal fluid after
the tear event seems to lead to subsequent repair with a thickened proliferative tis-
sue in the area where the RPE was lost. Secondly, if an early and complete resolu-
tion of subretinal fluid after RPE tear development is achieved, the outer retina
appears to be directly attached to Bruch’s membrane without an ingrowth of prolif-
erative tissue along Bruch’s membrane. These observations suggest a beneficial
effect on macular morphology of a continuative anti-VEGF therapy after RPE tear
development. Yet, whether the two repair mechanisms result in diverging functional
results remains to be shown. Caramoy et al. analyzed RPE tissue remodeling in RPE
tears based on FAF and SD-OCT imaging and observed evidence of resurfacing in
small RPE tears, whereas RPE migration and proliferation may not occur in the
right plane in large tears [44]. Transplantation of the RPE using human embryonic
stem cells and induced pluripotent stem cell derived RPE is being developed and
evaluated as a cell-replacement therapy for AMD. Further studies are needed to
assess its potential to restore some of the lost RPE function in patients suffering
from an RPE tear [45].

7.7 Summary

Due to a growing number of intravitreal anti-VEGF injections in AMD patients, the
incidence of RPE tear formation has increased. Thus, clinicians must be aware of
strategies to prevent RPE tear development during anti-VEGF therapy and to treat
patients after RPE tear formation. After RPE tear formation, anti-VEGF treatment
is recommended as long as activity signs are present. Multimodal imaging during
anti-VEGF therapy in high-risk patients represents the key tool to detect risk fac-
tors and to make antiangiogenic treatment safer. Future studies must address sev-
eral issues, such as, which anti-VEGF agent is most appropriate in high-risk vPED
patients, which treatment regimen is most beneficial after RPE tear development,
and in how far can retinal imaging be improved to visualize RPE tear risk factors
as early as possible and to identify new characteristics indicating an impending
RPE tear.
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Chapter 8
Retinal Pigment Epithelial Detachment
in Central Serous Chorioretinopathy

Mathias Maier

8.1 Introduction

In 1866, Albrecht von Graefe described a disease, which he called “recurrent central
retinitis” [1]. Patients suffering from this condition showed a circumscribed serous
retinal detachment typically affecting the posterior pole [1-3]. Since then, several
publications with further definitions and terminologies of this disease followed.

In 1965, Maumenee was the first to describe his observation of leakage at the
level of the retinal pigment epithelium (RPE) during fluorescein angiography (FA),
suggesting an involvement of both the RPE and the choroid [4].

More detailed observations and further understanding of the condition finally led
to the term “idiopathic central serous choroidopathy” by Donald Gass, which over
time has been adjusted to “central serous chorioretinopathy” (CSCR) owing to the
knowledge about the hyperpermeability of the RPE [3, 5, 6].

In the 1960s and 1970s, Gass and Klein et al. described three angiographic sub-
classes of CSCR. The most frequent, type 1 (94%), showing subretinal fluid (SRF)
and one or more leakage points. Type 2 (3%) showing one or more PEDs without
SRF and type 3 (3%) as hybrid form of type 1 and type 2 [2, 5, 7], (Fig. 8.1).

Today, however, high resolution spectral domain OCT (SD-OCT) demonstrates
that a PED of variable size is detectable under the SRF in most cases (Figs. 8.2, 8.3,
8.4, and 8.5). Based on these findings, the abovementioned classification is unsus-
tainable nowadays [2, 8]. The different forms may rather represent sequential mani-
festations of the same disease [2, 8-10].

M. Maier

Leitender Oberarzt und stellv. Direktor, Klinik und Poliklinik fiir Augenheilkunde,
Klinikum rechts der Isar, Technische Universitit Miinchen,

Ismaningerstrafie 22, D-81675 Miinchen, Germany

e-mail: Mathias.Maier @mri.tum.de

© Springer International Publishing AG 2017 135
M.A. Gamulescu et al. (eds.), Retinal Pigment Epithelial Detachment,
DOI 10.1007/978-3-319-56133-2_8


mailto:Mathias.Maier@mri.tum.de

136 M. Maier

Fig. 8.1 CSCR: Former
morphologic classification.
(a) Type I: only subretinal
fluid, (b) Type II: only
PED, (c¢) Type III:
combined subretinal fluid
and PED

Fig. 8.2 (a) Color fundus photograph of a patient with CSCR and circumscribed serous retinal
detachment. (b) SD-OCT: subretinal fluid (SRF) and pigment epithelial detachment (PED), (¢) FA
early phase: pinpoint leakage. (d) FA late phase “inkblot leakage” and pooling
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d

Fig. 8.3 Multifocal CSCR. (a) Color fundus photograph of a patient with CSCR. (b) FA early
phase. (¢) FA late phase showing multiple leakage points scattered over the macular region. (d)
SD-OCT: SRF und PED coexist in this patient

Fig. 8.4 Acute CSCR: (a) Color fundus photograph, (b) Multicolor image, (c) FA early phase,
(d) FA late phase with “inkblot leak,” (e) ICGA early phase, (f) ICGA late phase showing choroi-
dal vascular dilatation and vascular hyperpermeability, (g) Multicolor image combined with
SD-OCT: circumscribed area of serous retinal detachment in the multicolor image (left). PED and
SRF on SD-OCT (right)
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Fig. 8.5 (a) Color fundus photograph of a patient with CSCR and circumscribed serous retinal
detachment, (b) SD-OCT: subretinal fluid (SRF) and pigment epithelial detachment (PED),
(c) reduced FAF in the area of SRF, (d) FA early phase shows leakage point, (e) FA late phase:
leakage (“smoke stack”™) (red arrow)

8.2 Epidemiology

CSCR is supposed to be the fourth most common nonsurgical retinopathy after
age-related macular degeneration, diabetic retinopathy, and branch retinal vein
occlusion [6]. Although only one population-based study and no systemic epi-
demiologic survey of CSCR has been carried out, a large number of single
studies support the finding of men (72-88%) being more often affected than
women [2, 3, 11-16]. CSCR usually affects middle-aged individuals with a
peak at around 40—45 years in men although some studies suggest even higher
mean ages for men and particularly for women and patients with chronic CSCR
[2, 3, 17]. It has been associated with the so-called “type A” personality, or
those who are experiencing psychological stress [6, 18]. It has also been linked
to use of sympathomimetic agents, corticosteroid use in any form, and endog-
enous high levels of corticosteroids [2, 18]. CSCR often shows bilateral
involvement, and in a study of Gupta high-definition OCT showed bilateral
changes in 94% of the cases [2, 19].
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8.3 Pathogenesis

In the past, CSCR has been thought to arise primarily from an abnormality of the
RPE [20]. With indocyanine green angiography (ICGA), however, areas of choroi-
dal vascular hyperpermeability in patients with CSCR have been reported [21-25]
(Fig. 8.4f).

Although the exact pathomechanism of CSCR is not yet completely under-
stood, the primary pathology is thought to begin with disruption of the choroi-
dal circulation [26]. FA, ICGA, and enhanced depth imaging spectral
domain-optical coherence tomography (EDI SD-OCT) have provided evidence
suggesting hyperpermeability and increased hydrostatic pressure within the
choroidal circulation [8, 21-23, 27, 28] (Figs. 8.4e, f and 8.6), leading to the
formation of pigment epithelial detachments (PEDs). PED is a condition in
which the retinal pigment epithelium is detached from its basement Bruch’s
membrane due to pathological accumulation of fluid. This in turn results in dis-
continuity of the RPE barrier, leading to various degrees of pinpoint areas of
leakage in FA, often referred to as “microrips” or “blowouts” [3, 9, 19, 29]
(Figs. 8.2, 8.3, 8.4, 8.7, and 8.8). In addition, the damage of the RPE is thought
to lead to an aggravation of this condition since the RPE may be restricted in its
ability to pump fluid out of the subretinal space.

The mechanistic hypothesis proposing that fluid coming from hyperperme-
able vessels leads to increased tissue hydrostatic pressure—which results in
RPE damage—may explain different extents of RPE alterations; however, it
does not explain the hyperpermeability of the choroidal vascular system in the
first place [3].

This might be explained by overactivation of mineralocorticoid receptors in the
choroid, potentially triggered by endogenous and exogenous glucocorticoids [30—
32]. Experimental studies showed that overactivation of mineralocorticoid receptors
in the endothelial cell of the choroid induces increased permeability. In a pilot study,

Fig. 8.6 Enhanced depth imaging (EDI) SD-OCT showing the thickened choroid (503 pm) in
acute CSCR
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Fig. 8.7 Patient with chronic CSCR, VA 0.8: case study of therapy. (a) Baseline: subretinal fluid
(SRF), elongation of the photoreceptor outer segments and small PED (arrow). (b) 1 month after
aldosterone antagonist therapy VA: 1.0, SRF and PED resolved

blocking of mineralocorticoid receptors was successful in treating CSCR [30, 32].
However, the primary trigger for these choroidal abnormalities and the precise
sequence of events involved in CSCR remain unclear.

Recently, an association between CSCR and common Complement Factor H
(CFH) polymorphisms was identified, hinting to an involvement of CFH in the
pathogenesis of CSCR [33]. The CFH polymorphisms are some of the best-
established susceptibility loci for AMD; however, the exact functional basis of these
associations for CSCR is currently unclear [33].
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Fig. 8.8 FA and SD-OCT in acute CSCR: (a) FA early phase, (b) FA late phase showing leakage
with focal pinpoint (red arrow), (¢) SD-OCT: Green arrow: direction of the OCT-Scan. Red arrow:
small RPE bulges exactly at the leakage area on FA, increased retinal thickness, and photoreceptor
elongation

8.4 C(linical Examination

CSCR predominantly affects middle-aged males. Symptoms are blurred vision,
metamorphopsia, micropsia, and disturbed contrast and color sensitivity.

Typical signs on fundus examination include a roundish, well-demarcated
detachment of the neurosensory retina at the macula (Figs. 8.2, 8.4, and 8.5).
Pigment epithelial detachment (PED) of variable size can also occur and can be
single or multiple. The subretinal fluid (SRF) can be clear or turbid/fibrinous.

In chronic CSCR or in patients with old resolved disease, RPE mottling, atrophy,
and clumping might be observed (Fig. 8.9). Other atypical CSCR presentations
include bullous neurosensory retinal detachment and multifocal CSCR [2, 6, 8, 18]
(Figs. 8.3 and 8.4).
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Fig. 8.9 FA and SD-OCT in a patient with chronic CSCR since 19 months (VA 0.05). (a) FA early
phase and (b) FA late phase show RPE atrophy and diffuse leakage, (¢) SD-OCT showing subreti-
nal granular deposits, defects of the photoreceptor layer and photoreceptor atrophy (red arrow),
and granular alterations of the RPE

8.5 Imaging

Further investigations for CSCR include fluorescein angiography (FA) which may
show “ink blot” pattern of leakage (Fig. 8.2¢c, d) or the less common ““‘smoke stack™
(Fig. 8.5e) appearance. In addition, dye pooling in the sub-RPE space can be seen
in cases of PED. Diffuse leakage or multiple leaking points can be seen in recurrent,
chronic (Fig. 8.9), or multifocal CSCR (Figs. 8.3 and 8.10).

Indocyanine green angiography (ICGA) may demonstrate dilated choroidal vas-
culature corresponding to the site of CSCR with choroidal hyperpermeability in the
late phase [2, 6, 8, 18] (Fig. 8.4e, f). Exsudative changes within the choroid are
considered to be the primary event in the disease and the subsequent changes at the
RPE allow the fluid to enter the subretinal space, resulting in neurosensory retinal
detachment (RD) [25] (Fig. 8.4g). Abnormal ICGA hyperfluorescene in the symp-
tomatic eye and in clinically asymptomatic fellow eyes is well known. No RPE
abnormalities were found in areas without ICG hyperfluorescene. It has been shown
that the leakage area at the level of RPE on FA was contiguous with the areas of
choroidal vascular hyperpermeability on ICGA [21] (Fig. 8.4).
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Fig. 8.10 Chronic CSCR: (a, e) fundus photograph, (b, f) FA early phase, (¢, g) FA late phase, and
(d, h) SD-OCT. Late phase FA shows two extrafoveal leakage points with leakage before (¢, red
arrows) and without leakage after focal laser treatment. SD-OCT shows subretinal fluid and PED
before treatment (d) and resolution after treatment (h). VA improved from 0.3 to 0.7 after treatment

Fig. 8.11 Fundus autofluorescence (FAF) in CSCR: (a) right eye, (b) left eye: FAF with areas of
increased autofluorescence and patchy irregular granular reduced autofluorescence

Fundus autofluorescence shows a reduced signal in acute CSCR because of the
accumulation of subretinal fluid (Fig. 8.5¢) and granular hyper-autofluorescence in
chronic CSCR or in areas of former episodes of CSCR (Fig. 8.11b). In long-stand-
ing chronic CSCR with RPE atrophy, hypoautofluorescence is detectable [2, 15].

High resolution OCT (SD-OCT) allows detailed imaging of the macular micro-
structures. The typical appearance in CSCR shows detachment of the neurosensory
retina and elongation of the photoreceptor outer segments accompanied by a cir-
cumscribed PED of various extents (Figs. 8.5b and 8.8c). Sometimes, discrete RPE
alterations are found in the fellow eye [2, 19].

In chronic stages, subretinal fibrinous depositions and, seldom, cystic changes
within the retina can be visualized [2, 8, 16, 27, 34-37].
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Fig. 8.12 EDI SD-OCT: patient (35 years, male), acute CSCR, VA: 0.7. (a) Baseline: retinal
thickness: 571 pm, choroidal thickness: 489 pm, subretinal fluid (SRF): 448 pm. (b) 1 month after
50 mg Spironolactone/day: VA: 1.0: retinal thickness: 203 pm, choroidal thickness: 434 pm, no SRF

Enhanced depth imaging (EDI) OCT shows a thickened choroid in patients suf-
fering from active CSCR in both the affected eye—especially in the areas corre-
sponding to the neurosensory detachment—and the fellow eye compared with
normal controls (Fig. 8.6). The choroidal thickness diminishes with therapy, how-
ever not reaching normal values [27, 38, 39] (Fig. 8.12).

The exact pathophysiology of RPE bumps in the asymptomatic fellow eyes of
patients with CSCR is not well defined. It was speculated that a combination of
choroidal vascular hyperpermeability and impaired RPE function leads to pool-
ing of fluid in the sub-RPE space, which results in RPE bumps [8, 9, 37]. These
bumps might represent a preclinical or subclinical state of the disease. Kim et al.
support the belief that CSCR is essentially a bilateral asymmetric disease that
causes morphologic alterations of the RPE in both eyes: they found RPE abnor-
malities corresponding to the leakage sites in all patients, SD-OCT images show-
ing PED in 22 of 69 (31.9%), and a small lump of the RPE layers in 47 of 69
leakage sites (68.1%) [9]. In previous reports, PED was even found in 61-71%
of leakage sites [10, 16]. Montero et al. described small RPE bulges, observed
with time-domain OCT (TD-OCT), and related to angiographic leakage sites in
35 of 36 eyes [37]. This difference in PED incidence might be explained by a
difference in nomenclature: some authors considered small or atypical PEDs as
RPE abnormalities, others as PED.

8.6 Differential Diagnosis

Usually acute CSCR can be diagnosed based on fundoscopy, SD-OCT, and FA. In
multifocal and chronic CSCR, classification sometimes may be difficult. Several
differential diagnoses should be considered:

Age-related Macular Degeneration (AMD) with choroidal neovasular degenera-
tion: In older patients, differentiation between CSCR and neovascular (n)AMD can
be difficult. Oftentimes, shallow RPE detachments and shallow subretinal fluid
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accumulation with or without intraretinal cystoid spaces display a patchy hyperfluo-
rescence in FA with only little leakage. Differentiation from occult CNV is not
always possible. However, if there are no drusen visible at the posterior pole of the
affected or the fellow eye, AMD seems unlikely [2].

Further differential diagnoses are idiopathic isolated PED, infectious and inflam-
matory diseases (e.g., presumed ocular histoplasmosis syndrome, choroiditis, pos-
terior scleritis, and Vogt Koyanagi Harada syndrome, see also chapter 9), and tumors
(e.g., choroidal hemangioma) [2].

8.7 Natural History

CSCR is usually a self-limiting disease with spontaneous resolution within
3—4 months with overall good visual outcome. However, CSCR can show an acute
relapsing, a chronic, or a multifocal form. Recurrent CSCR forms are frequent and
may be seen in more than 50% of patients suffering from CSCR [2, 40, 41].

Chronic CSCR on the other hand, with long-standing detachment of the neuro-
sensoric retina, can result in significant visual loss. Some patients may develop
diffuse retinal pigmentepitheliopathy, which is characterized by widespread RPE
damage and destruction, often with consecutive atrophy of the photoreceptors [2,
18, 42] (Fig. 8.9¢c).

Patients with chronic CSCR are at increased risk to develop secondary CNV (risk
for a single patient: 0.3—2% per year). Therefore, in elderly patients presenting with
unilateral CN'V without drusen, CNV in chronic CSCR should be considered [2].

8.8 Therapy

Acute CSCR is in most cases self-limiting with spontaneous resolution of the SRF
and therefore initially observation is recommended [2, 7, 18, 25]. Risk factors
should be addressed to increase the chance of spontaneous resolution. This includes
discontinuing exogenous corticosteroids intake and lifestyle modification for
patients with type A personality traits [2, 18].

If SRF is persisting over 3 months, initiation of therapy is recommended to avoid
irreversible loss of visual acuity and RPE and/or photoreceptor atrophy [2, 3, 17,31, 43].
There is no uniform definition of chronic CSCR (durations differ between
3—6 months), most authors defining chronic CSCR if symptoms last longer than
3 months [2, 3, 31].

Although there are no evidence-based guidelines, treatment options based on case
series consist of systemic carbonic anhydrase, inhibitors of the mineralocorticoid
receptor, mild laser photocoagulation, selective retina therapy (SRT), diode micro-
pulse laser (DMPL) photocoagulation, half dose/half fluence photodynamic therapy
(PDT), and intravitreal injection of VEGF inhibitors [11-13, 31, 40, 43-47].
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Transpupillary thermotherapy (TTT), anti-corticosteroids, antiandrogens, adrenergic
blockers, rifampicin, aspirin, and antimetabolite drugs have also been described [14,
17, 18, 31, 48].

8.8.1 Anti-corticosteroids

Observations of corticosteroid use and the development of CSCR have led to the
suggestion of anti-corticosteroids as a treatment. This has led to clinical trials to
assess the effect of such treatment. Ketoconazole is a synthetic imidazole which, in
addition to its antifungal properties, has anti-glucocorticoid effects by blocking the
conversion of cholesterol to androgenic glucocorticoid end-products. However,
Meyerle et al. did not note any change in visual acuity, median lesion height on
OCT, and linear dimensions through an 8-week follow-up period for five chronic
CSCR patients who received oral ketoconazole 600 mg per day for 4 weeks in spite
of documented decrease in endogenous cortisol levels [42].

8.8.2 Inhibitors of the Mineralocorticoid Receptor

Spironolactone and eplerenone are both aldosterone antagonist agents.
Spironolactone possesses additional antiandrogenic properties. Few case series
documented a reduction or complete resolution of SRF level and significant CMT
reduction under oral therapy [18, 30, 31, 49] (Figs. 8.7 and 8.12).

8.8.3 Systemic Carbonic Anhydrase Inhibitors (CAls)

CALIs are thought to mediate their action by inhibiting carbonic anhydrase enzyme
in RPE, which supposedly aids in SRF absorption. Pikkel et al. reported on a pro-
spective non-randomized trial on 15 CAl-treated patients against seven controls.
They found that oral acetazolamide shortens the time to subjective and clinical
improvement, but there was no difference in final visual acuity or recurrence rate
between the two groups [18, 46].

8.8.4 Laser Photocoagulation

Focal laser photocoagulation to the leaking RPE guided by FA has been shown to
hasten resolution of the neurosensory detachment in CSCR. Studies have demon-
strated faster resolution of SRF in patients who underwent laser photocoagulation
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compared to control eyes [50]. Nevertheless, laser photocoagulation does not influ-
ence the final visual outcome or rate of recurrence. Therefore, laser photocoagula-
tion is an effective treatment for acute CSCR with clearly defined focal leakage
point as seen on FA given that the leakage point is not sub- or juxtafoveal (Fig. 8.10).
Still, side effects such as permanent scotoma, laser scar enlargement, and laser-
induced CNV can occur [2, 18, 51].

8.8.5 Diode Micropulse Laser (DMPL) Photocoagulation

This method of treatment uses subthreshold diode laser energy in order to minimize
damage to the neurosensory retina. It is similarly effective as conventional laser
treatment in CSCR with point source leakage but not in eyes with diffuse leakage,
and leaves no clinically detectable laser-induced damage [18, 41, 52]. A random-
ized clinical trial assessed DMPL versus argon laser photocoagulation in acute
CSCR [41]. Patients in both groups had complete resolution of SRF at 12 weeks
follow-up. No patients in the DMPL group had scotoma compared to 3 out of 15
patients in the argon laser group who had persistent scotoma. Contrast sensitivity
was also significantly better in the DMPL group [41].

8.8.6 Selective Retina Therapy

Selective retina therapy (SRT) selectively treats RPE without damaging the photo-
receptors. In small clinical trials, SRT was effective without clinically detectable
laser-induced damage [13, 53].

8.8.7 Photodynamic Therapy

Photodynamic therapy (PDT) with verteporfin has been employed to treat both
chronic and acute CSCR. It is believed that PDT works in CSCR by inducing cho-
roidal hypoperfusion and choroidal remodelling [17, 25, 45]. It was also proposed
that PDT can tighten the blood retina barrier [18].

Standard PDT

Chan et al. reported the first case series of full dose, full fluence PDT (50 J/cm?) in
six patients with persistent or chronic CSCR with subfoveal leakage [45]. Ruiz-
Moreno treated 82 eyes with standard PDT for chronic CSCR and showed that it can
improve visual acuity and reduce central macular thickness (CMT). SRF has
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disappeared in all cases [54]. Morphological and functional chorioretinal changes
such as RPE atrophy, external limiting membrane and inner/outer segment junction
line discontinuity have been observed after standard PDT treatment for CSCR [18].
To enhance safety, dose or power (fluence) of PDT was reduced.

Reduced Dose PDT

Chan et al. showed that half dose PDT was effective both anatomically and func-
tionally in treating acute symptomatic CSCR [11]. A comparative case series by
Lim et al. showed that half dose PDT facilitated earlier resolution of SRF and earlier
recovery of visual function when compared to focal laser. No difference in final
functional and anatomical results was noted at 6 months follow-up [55].

Reduced-Fluence PDT

Reduction of the fluence by decreasing laser time or power was also attempted.
Reibaldi et al. compared full fluence (50 J/cm?) to half fluence PDT (25 J/cm?) in
chronic CSCR. Both treatments achieved similar results in terms of visual outcome
and SRF resolution, but choriocapillaris ischemia was significantly more in the full
fluence group [56].

8.8.8 Intravitreal Antivascular Endothelial Growth
Factor (VEGF)

Attempts to treat acute and chronic CSCR with intravitreal bevacizumab are based
on the hypothesis that choroidal hyperpermeability is associated with increased
expression of VEGF although high VEGF levels were not detected in the aqueous
humor [57]. Uncontrolled case series suggest efficacy of anti-VEGF intravitreal
injections for CSCR both functionally and anatomically [18, 43]. However, Bae
et al. demonstrated that reduced-fluence PDT was superior to 3 monthly doses of
intravitreal ranibizumab [44].

On the other hand, in CNV secondary to CSCR, anti-VEGF treatment is the
established therapy [2, 3, 18].

8.8.9 Treatment Recommendation

According to the above mentioned, a stepwise approach according to the stage is
recommended (Table 8.1) [2, 31]:
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Table 8.1 Proposed escalation algorithm in CSCR

Stage | Duration Medication
I Up to 3 months Clinical control, Eplerenone 50 mg, Acetazolamide 2 x 250 mg
II 3-6 months no Eplerenone 50 mg, Acetazolamide 2 x 250 mg,
resorption of SRF photocoagulation of leakage point (50 pm, 100 mW, 100 ms,
reduced VA up to discrete white color), leakage point sub- or juxtafoveal:

low-dose/fluence PDT, (SRT, DMPL, anti-VEGF therapy)

3-6 months partial Clinical control, Eplerenone 50 mg, Acetazolamide 2 x 250 mg
res. of SRF VA
better or stable

1 >6 months and/or Low-dose/fluence PDT (+ anti-VEGF therapy)
diff. leakage on FA

v >6 months and/or anti-VEGF therapy
sec. CNV

Eplerenone 50 mg (Inspra) (25 mg during 1 week), alternative: Spironolactone 50 mg, (important:
K* — control)

SRT Selective retina therapy, DMPL Micropulse diode laser photocoagulation, res. resorption, diff.
diffuse, sec. secondary. Modified after Baraki et al. Chorioretinopathia centralis serosa (CSCR)
Ophthalmologe 2010 [3]

Stage 1 (up to 3 months):

Observation is recommended. In cases where the fellow eye showed VA loss
from CSCR and the patient suffers from massive symptoms, and has a strong will-
ingness to be treated earlier, treatment can be initiated.

Stage 2 (3—6 months):

If no resorption of SRF and reduced VA is seen: Eplerenone 50 mg/day (starting
with 25 mg/day in the first week), Acetazolamide 2 x 250 mg/day, or photocoagula-
tion of the leakage point. If the leakage point is located sub- or juxtafoveal: Low-
dose/fluence PDT is recommnended, alternative (SRT, DMPL, anti-VEGF
therapy).

With resorption of SRF and stable or better VA: clinical control, Eplerenone
50 mg, Acetazolamide 2 x 250 mg.

Stage 3 (>6 months):

If diffuse leakage is seen on FA: Photodynamic therapy with reduced dose/flu-
ence or combination therapy PDT and anti-VEGF.

Stage 4 (>Stage III with secondary CNV):

Intravitreal anti-VEGF therapy (Ranibizumab/Bevacizumab/Aflibercept).

8.9 Summary

In the acute stage, central serous chorioretinopathy (CSCR) is characterized by
serous retinal detachment and RPE alterations. Structural changes of the retinal
pigment epithelium (RPE) layer can be monofocal or multifocal. Spectral domain
OCT (SD-OCT) shows diagnostic details of the choroidea, RPE, and retinal
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microstructure and allows a better understanding of the pathophysiology and
detailed monitoring.

RPE abnormalities are presumably found in all CSCR patients and consist of
PED, RPE bulges or RPE “microrips” in acute CSCR and in retinal pigmentepithe-
liopathy and RPE atrophy in chronic CSCR.

Spontaneously acute CSCR usually has a good prognosis. Recurrent and chronic
CSCR with long-standing detachment of the neurosensoric retina leads to atrophy
of the RPE and the photoreceptors and causes irreversible reduction of the visual
acuity and therefore an escalating stepwise therapy is recommended.
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Chapter 9
Retinal Pigment Epithelial Detachment
in Systemic Disease

Horst Helbig

9.1 Introduction

Retinal pigment epithelial (RPE) detachment is in most cases associated with ocular
disease such as age-related macular degeneration (AMD), central serous
chorioretinopathy (CSCR), and others. In rare cases, it may be caused by systemic
changes primarily manifesting themselves in the choroid. It is important to recog-
nize these systemic diseases correctly, since therapeutic strategies have to focus not
only on ocular manifestations but also have to include the systemic changes.

9.2 Pathophysiology

Pathophysiologically, diseases that involve the choroid and induce hyperperme-
ability of the choriocapillaris are prone to cause detachments of the RPE. As long
as the outer blood retina barrier with the tight junctions between the RPE cells is
intact, fluid will accumulate under the RPE and RPE detachment is seen. If how-
ever the damage to the RPE is so severe that the outer blood retinal barrier col-
lapses, fluid from the diseased choroidal vessels will cross the leaky RPE and
rather cause exudative detachments of the neuroretina. In systemic diseases, the
damage to the choroid and the RPE appears to be so severe in most cases that we
rather see exudative neuroretinal detachment than RPE detachments. Occurrence
of RPE detachment is therefore a hint for an at least partially functioning outer
blood retinal barrier being able to retain fluid from the choroid under the
RPE. Serous retinal detachment primarily originating from choroidal involvement
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requires breakdown of the outer blood retinal barrier and is therefore a sign of
more severe damage. In addition, as described in the chapter 1 “Anatomy and
Pathophysiology of Retinal Pigment epithelial Detachments” by Olaf Strauss,
degenerative changes in Bruch’s membrane appear to play a role in certain cases
of RPE detachment. Such changes are not to be expected in systemic diseases,
especially in those which have an acute course of the disease such as eclampsia or
Vogt Koyanagi Harada disease.

9.3 Systemic Diseases Associated with PED

Isolated PED in systemic disease in general is rare. In the literature, it is mostly
described together with serous detachment of the neuroretina. A comprehensive
overview is given by Wolfensberger and Tufail [1]. The diagnosis of RPE detach-
ment has been mostly made clinically or with fluorescein angiography in the pre-
OCT era. With OCT, however, RPE detachment can be more reliably differentiated
from other manifestations. Early descriptions of PED detachments without OCT
should therefore be judged carefully. Even those being confirmed by OCT—see
below—show in many cases relatively flat and minor RPE detachments.

9.4 Inflammatory Diseases

Vogt Koyanagi Harada disease (VKH) is a common cause of panuveitis in darkly
pigmented populations, but also occurs in Caucasians. Uveitis in VKH is only one
manifestation of a systemic disease involving the central nervous system, the inner
ear, and the skin. It is suggested that the common patho-immunological mechanism
of VKH is an autoimmune reaction directed against melanocytes. Primary manifes-
tation of ocular VKH is a stromal choroiditis. The inflammation may then spread to
the neighboring RPE and neuroretina. Hyperpermeability of the choroicapillaris as
well as malnutrition due to impaired microcirculation may contribute to involve-
ment of the structures adjacent to the choriocapillaris. Typical clinical manifesta-
tions are papilledema with exudative detachment(s) of the neuroretina and choroidal
folds (Fig. 9.1), and in late stages depigmentation with a “sunset glow” appearance
may occur. VKH may also involve the anterior segment and cause iridocyclitis with
supraciliar effusion and shallow anterior chamber. On fluorescein angiography
(FA), delayed filling of the choriocapillaris may be seen with pinpoint leakage at the
posterior pole and pooling of the dye in the late frames in the areas of exsudative
subretinal fluid. Choroidal folds may be seen as hypofluorescent lines radiation
from the optic disc to the mid-periphery (Figs. 9.1 and 9.2). Indocyaninegreen angi-
ography (ICGA) shows early leakage of choroidal vessels, the choroid and
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Fig. 9.1 VKH before therapy. On fundoscopy, papilledema and subretinal fluid involving the
macula are seen right > left eye. FA shows prominent leakage from papilledema and pinpoint leak-
age throughout the posterior pole. Macular OCT scan of the right eye shows typical lobulated
intraretinal fluid with septae and choroidal folds

choriocapillaris having a blurred appearance. Dark hypofluorescent spots may rep-
resent areas of hypoperfusion/ischemia or prominent inflammation of the chorio-
capillaris (Fig. 9.2). OCT shows more detailed changes. While the inner retina
shows less change, multiple multilobular cystic spaces may be seen in the outer
retina (Figs. 9.1 and 9.2). It appears that they represent separation of inner and outer
segments of the photoreceptors. The basal and lateral spaces of these “cysts” appear
to be formed by pseudomembranes containing outer segments and fibrin. RPE
detachment is a rare manifestation of VKH. However, folds of the RPE (Fig. 9.3)
and even RPE rips can be found [2]. Rather than serous PED, inward bulging of the
thickened choroid and undulations of the overlying RPE are typically found in VKH
(Figs. 9.1 and 9.3) [3]. By these features, OCT can differentiate between VKH and
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Fig. 9.2 VKH in the left eye of a patient showing slight hyperemia of the optic disc, yellowish
areas at the posterior pole and typical intraretinal cystoid spaces with septae, as well as subretinal
fluid. FA shows pooling of the dye in the intraretinal fluid spaces in the late frames, ICGA shows
shadowing of the fluorescence in the area of subretinal fluid and multiple dark spots, presumably
corresponding to areas of active inflammation or hypoperfusion of the choriocapillaris

Er

Fig. 9.3 Multiple choroidal folds around the optic disc as depicted on circular peripapillary OCT
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Fig. 9.4 Evolution of intra- and subretinal fluid over time (1 year) after initiation of systemic
steroid treatment as monitored by serial OCT scans

CSCR, both diseases causing exudative detachment of the neuroretina. Differential
diagnosis is important since treatment of both diseases is opposite. VKH requires
high dose steroid treatment (Figs. 9.4. and 9.5), while in CSCR steroids are contra-
indicated [4].

PED has also been described in sarcoidosis with and without granulomatous
involvement of the choroid [5, 6]. With very few cases in the literature, PED is a
very unusual manifestation of sarcoidosis.

Inflammatory bowel disease may also be associated with posterior uveitis
including exudative retinal detachment and RPE disturbances [7, 8].

Any other systemic inflammatory disease involving the choroid (e.g., systemic
vasculitis) may also lead to exudation of fluid under the RPE and therefore PED
and/or RPE pigment disturbances.
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Fig. 9.5 After therapy, papilledema and intra- and subretinal fluid have resolved; however, FA and
ICGA show persistent hypofluorescent spots centrally

9.5 Systemic Disease Causing Choroidal Ischemia

Ocular involvement in severe systemic arterial hypertension has long been recog-
nized. It was Albrecht von Graefe in 1855 who first observed exudative retinal
detachment in toxemia of pregnancy [9].

Siegrist streaks have been described as a fundus lesion in hypertension in
1899 [10]. They represent chains of pigmented spots overlying occluded choroidal
vessels.

Elschnig described, in 1904, severe nephritis with albuminuria and choroidal
lesions which were named after him [11]. Clinical studies have shown such spots
nearly invariably in malignant hypertension. They represent focal ischemic infarcts
due to acute occlusion of the choriocapillaris and/or small choroidal vessels. In the
center of the Elschnig spot, the RPE is necrotic; towards the periphery the RPE
appears edematous. OCT studies on Elschnig spots have shown focal RPE eleva-
tions in the resolution stage [12].
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Clinicians have focussed for a long time mainly on the retinal changes, being
visible in ophthalmoscopy. Pathologists very early have found even more pro-
nounced changes in the choroidal vessels.

Fundus lesions and pathological studies in experimental induced malignant
arterial hypertension showed impaired choroidal circulation and extensive occlu-
sive and ischemic changes. Hypertensive choroidopathy and retinopathy were
classified as two independent and unrelated manifestations of renovasular hyper-
tension. Hypertensive choroidopathy showed an acute phase which was charac-
terized by constriction of choroidal vessels leading to focal necrosis of the
choriocapillaris and the overlying RPE with serous retinal detachment. In the
chronic phase, extensive RPE-degenerative lesions due to choroidal ischemia
develop [13, 14].

Song et al. described OCT images in hypertensive choroidopathy with eclampsia
[15]. In addition to detachments of the neuroretina, a waveform of the RPE caused
by multiple flat confluent RPE detachments was visible. RPE and outer segments of
photoreceptors appeared swollen and reflectivity was reduced, features probably
caused by choroidal ischemia.

9.6 Blood Disorders

Blood disorders such as hyperviscosity syndrome or paraproteinemia were also
associated with PED and serous macular detachment in very few published cases.
Subretinal fluid is more common than RPE detachment. Reduced choroidal circula-
tion due to hyperviscosity has been implicated in the pathophysiology of these
changes [16, 17].

9.7 Kidney Disease

In renal failure and hemodialysis, RPE detachment and serous retinal detachment
have repeatedly been reported. Possible pathophysiological mechanisms are toxic
uremic effects, with effects on vascular permeability, changes in hemodynamics,
and fluid osmolarity [18-20].

Patients with Type II mesangiocapillary or membrano proliferative glomerulone-
phritis (type I MCGN or type II MPGN) may develop drusen-like depositions in
the macula. Interestingly, they may have C3 nephritic factor (C3NeF), an autoanti-
body against C3 convertase of the alternate pathway, resulting in loss of comple-
ment regulation systemically. Affected patients may develop features similar to
AMD including PED [21, 22].
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9.8 Hypercortisolism

Systemic diseases associated with endogenous hypercortisolism are well known to
cause CSCR. In these cases, the systemic hypercortisolism has to be treated rather
than the local manifestation in the eye.

Iatrogenic, exogenic hypercortisolism is found in systemic steroid therapy. Most
systemic inflammatory diseases are primarily treated with systemic steroids. This is
especially true for sarcoid inflammatory bowels disease, organ transplant, and oth-
ers. If RPE detachment or serous detachments of the neuroretina occur in these
circumstances, the primary inflammatory disease may not be the only cause for the
ocular changes. A side effect of the therapeutic systemic steroids inducing CSCR
may be a more likely explanation. Therefore, PED described in the literature in
some of the systemic inflammatory diseases might be rather a complication of ste-
roid treatment.

9.9 Summary

Several systemic diseases may cause PED. Although rather rare, it is important to
recognize these diseases because they require different treatment. Malignant arterial
hypertension especially in pregnancy is a life threatening condition which may have
visual disturbances as symptom. Other possible systemic diseases include inflam-
matory, endocrine, and blood or kidney disorde rs. The ophthalmologist has to be
aware of these rare conditions to guide diagnostic measures and adequate therapy.
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