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Part I
Pathophysiology and Diagnosis of CME



Chapter 1
Introduction

Shlomit Schaal and Henry J. Kaplan

Macular edema is defined as swelling of the layers of the neurosensory retina within
the macula. Although the classic presentation of macular edema is termed “cystoid
macular edema” (CME), which represents the collection of excess fluid in “cysts”
within the neurosensory retina, it is more broadly defined as extracellular accumula-
tion of fluid within the outer plexiform layer of the retina. Thus, CME should be
referred to as a subtype of macular edema with specific characteristics on imaging
studies (e.g., fluorescein angiography and optical coherence tomography [OCT]).
The most common clinical manifestation of macular edema is a reduction in central
visual acuity. However, it is now recognized that macular edema may exist without
impairing visual acuity but detectable on sophisticated retinal imaging. Thus, reli-
ance on visual acuity to exclude the presence of macular edema is not sufficient, nor
is it appropriate to rely on vision to suggest resolution of macular edema in response
to treatment. Other clinical manifestations of macular edema include micropsia, in
which objects appear smaller than they really are, as well as metamorphopsia.
Although macular edema is reversible through both medical and surgical interven-
tion, the development of chronic macular edema may eventually result in irrevers-
ible photoreceptor damage with a constant central scotoma. Other functional
indications of the presence of macular edema include decreased reading speed, as
well as reduced contrast sensitivity.
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The pathogenesis and etiology of macular edema is rather complex. Although the
hallmark of this complication of many different diseases is the accumulation of
intraretinal fluid, macular edema can occur as a result of multiple and diverse mech-
anisms: the breakdown of inner blood-retinal barrier (e.g., endothelial cell tight
junctions), breakdown of the outer retinal barrier (e.g., tight junctions between RPE
cells), and/or interference with the normal egress of retinal fluid by cells within the
neurosensory retina (e.g., Mueller cell dysfunction or retinal pigment epithelium
(RPE) dysfunction). Macular edema is the leading cause of central vision loss that
accompanies many systemic diseases, including diabetes mellitus and systemic
inflammatory conditions associated with uveitis. However, it is also a complication
of many other retinal diseases including retinal vascular diseases (choroidal neovas-
cularization in age-related macular degeneration, hypertensive retinopathy, central
retinal vein occlusion, branch retinal vein occlusion), uveal inflammation (e.g.,
HLA-B27 acute anterior uveitis, pars planitis, birdshot chorioretinopathy), trac-
tional forces on the retina (e.g., epiretinal membrane formation, vitreomacular trac-
tion syndrome), retinal dystrophies (e.g., retinitis pigmentosa, Goldman-Favre
syndrome, juvenile x-linked retinoschisis), intraocular tumors (e.g., choroidal hem-
angioma, choroidal melanoma, retinal hemangioma), adverse effect of medications
(e.g., niacin, tamoxifen), and idiopathic diseases.

Prior to the development of modern imaging techniques, funduscopy was the
sole method to detect macular edema, in particular CME. The introduction of fluo-
rescein angiography was a major imaging advancement that revolutionized our
appreciation and quantification of CME, as well as the mechanisms leading to the
development of macular edema. The more recent development of autofluorescence
imaging and in particular the widespread use of spectral domain OCT have allowed
us to obtain much greater insight into the anatomical alterations caused by macular
edema. The application of these imaging technologies has allowed us to identify
three different patterns of macular edema — (1) CME, characterized by clearly
defined intraretinal cystic spaces within the neurosensory retina; (2) diffuse macular
edema, characterized by increased retinal thickness and disturbance of the layered
retinal structure; and (3) serous retinal detachment, characterized by separation of
the neurosensory retina from the underlying RPE. It is also now apparent that the
absence of macular edema on fluorescein angiography does not necessarily corre-
late with the results of other imaging techniques. Thus, multimodal imaging pro-
vides us with the most sophisticated tools to determine and document the presence
of macular edema.

Since macular edema is associated with so many different causes, the response
of macular edema to therapy is obviously quite variable. Multiple medications, as
well as surgical intervention, have been used with reported success and CME reso-
lution in several diseases. It is clear that the underlying pathogenesis of the disease
must be clearly identified to obtain the best therapeutic response to intervention.
However, it is recognized that response to treatment may vary between patients
depending upon personal genetic makeup and exposure to environmental factors.
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Since macular edema is a major cause of visual disability, we have been fortu-
nate, as editors of this book, to have enlisted the expertise of several internationally
respected clinicians and scientists to address three major areas in this text:

Part I — Pathophysiology and Diagnosis of CME
Part II — Medical Management of CME
Part III — Surgical Management of CME

It is our intent to provide a contemporary update into the cause of this major
visual complication to allow a more accurate diagnosis, as well as therapeutic inter-
vention for the reversal of this disease complication. The many advances that have
been made in both diagnosis and in the understanding of the underlying pathophysi-
ology of this disease have resulted in the development of novel medications that
prevent the permanent loss of central vision. We are indebted to the many scholarly
contributors to this text and personally thank them for their excellent
contributions.



Chapter 2
Mechanisms of Macular Edema

Alejandra Daruich-Matet, Alexandre Matet, and Francine Behar-Cohen

Introduction

Macular edema (ME) can be defined as a collection of fluid within and/or under the
retina in the macular region. ME can be identified by a diffuse increase in retinal
thickness, the formation of intraretinal cysts, and the accumulation of subretinal
fluid (Fig. 1). Whether distinct pathogenic mechanisms induce different types of
fluid accumulation is unclear.

ME can manifest in nearly all retinal diseases at various phases of their develop-
ment. Most frequently ME is associated with ischemia/hypoxia and/or inflamma-
tion. Systemic factors such as increased blood pressure (hypertension) or reduced
plasma oncotic pressure (hypoalbuminemia) can aggravate ME.

In physiologic conditions, active mechanisms permanently maintain the retina
in a transparent and relatively dehydrated state. Fluid can enter in the retina from
the vitreous, from the retinal vessels, and from the subretinal space through the
retinal pigment epithelium (RPE). Fluid entry from the circulation into the retina
is controlled by the inner blood-retinal barrier, formed by endothelial tight junc-
tions, pericytes, astrocytes, and retinal Miiller glia (RMG) [1], and by the outer
retinal barrier, formed by the tight junction of the retinal pigment epithelium
(RPE) [2]. Fluid exit through the RPE is ensured by active ion and water channels
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Department of Ophthalmology, University of Lausanne Jules Gonin Eye Hospital,
15 avenue de France, Lausanne 1004, Switzerland
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| Spectral-Domain OCT Histology

Healthy
retina

Diabetic
macular
edema

I Increased thickness * Cysts “3 Sub Retinal Fluid

Fig.1 Macular edema: fluid accumulation within and/or under the retina. Spectral-domain optical
coherence tomography (SD-OCT) section (a) and histology (b) of a healthy human retina. Note the
different retinal layers from the choroid to the vitreous cavity: RPE retinal pigment epithelium,
ELM external limiting membrane, 1S/OS photoreceptors inner segment/outer segment junction,
ONL outer nuclear layer, OPL outer plexiform layer, /NL inner nuclear layer, /PL inner plexiform
layer, GCL ganglion cell layer, /LM internal limiting membrane, RNFL retinal nerve fiber layer.
Diabetic macular edema imaged on SD-OCT (c¢) and histology of a human macula presenting
macular edema (d), diplaying an increase in retinal thickness (red arrows), the formation of intra-
retinal cysts (green stars), and the accumulation of subretinal fluid (short red arrows)

[3]. It is facilitated by the oncotic pressure-driven flow. Numerous ionic transports
are strictly regulated in RPE cells and contribute to the outward flux from the
subretinal space toward the choroid. RMG cells also play an important role in ion
and water drainage from the inner retina toward the retinal vessels (Fig. 2). In
physiologic conditions, potassium transport is associated with water drainage
through Kir (inwardly rectifying potassium channels) and aquaporin (AQP) chan-
nels that are both expressed in RMG cells [4, 5]. The exact molecular partners of
ion and water coupling are only partially known in the retina. It is accepted that
Kir4.1 and AQP4, located in RMG cells around retinal vessels and in RMG end
feet, are key players in this balance (Fig. 2). Moreover, tight-like junctions
recently identified at the external limiting membrane (ELM) between RMG and
photoreceptors control the passive movement of fluid in the outer retina (Fig. 3).
Altogether, these different mechanisms act in a synchronized manner to control
the retinal thickness.

The density of RMG cells is higher in the macula than in any other region of the
retina. In addition, their morphology also differs, with a perifoveal portion orien-
tated radially and almost parallel to the frontal plane [6, 7] which suggests that
RMG cells exhibit different functions in the macula than in the periphery. Whether
ion and water transport mechanisms also present specific features in the macula
should be explored and could contribute to explain the specific location of edema in
the macula.
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Fig. 2 (a) Schematic representation of a retinal Miiller glial cell illustrating its roles in ion and
water drainage from the inner retina toward the retinal vessels. Potassium transport is associated
with water drainage through Kir4.1 (inwardly rectifying potassium channels) and AQP4 (aquapo-
rin) channels, both located close to the interface of the retinal Miiller glial cell with retinal vessels
and in retinal Miiller glial end feet at the level of the internal limiting membrane. (b) Schematic
representation of RPE cells illustrating the drainage of water and electrolytes from the subretinal
space to the choroid via paracellular diffusion, facilitated diffusion, and active transport

Mechanisms Leading to ME

ME results from an imbalance between fluid entry and fluid exit leading to an accu-
mulation of fluid within and/or under the retina and in the extracellular and/or in the
intracellular media (Fig. 4).

The pathogenic mechanisms of ME can be classified as “vasogenic,” which reflects
a vascular leakage with a volumetric influx of extracellular fluid or “cytotoxic” which
reflects cell swelling induced by a volumetric increase in intracellular fluid.

Mechanisms Leading to Increased Retinal Fluid Entry or
“Vasogenic” Mechanisms

Starling Equation

The Starling equation represents the movements of fluid in and out capillary vessels. It
depends on capillary filtration, hydrostatic, and oncotic pressure —i.e., Starling forces.
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Miiller cell

Claudins
Occludin
Z0o-1, JAM

PKC =
PAR3, PAR6

ad

[ catenin
o catenin
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Fig. 3 The structure of the external limiting membrane and distribution of retinal Miiller glial
cells. (a) Spectral-domain optical coherence tomography of healthy macula highlighting the
hyperreflective signal attributed to the external limiting membrane. (b) Tight-like junctions and
adherens junctions are found at the level of the external limiting membrane between retinal Miiller
glia and photoreceptors and rely on specialized molecular families including zonula occludens-1.
Macular flat mounts from healthy monkeys (Macaca fascicularis) after immunostaining of gluta-
mine synthetase (¢, red), marker of Miiller cells, zonula occludens-1 (d, green), and fusion of both
fluorescence images (e). The colocalization of both markers (appearing yellow in e) indicates a
close relationship between tight junctions and retinal Miiller glial cells

The Starling equation reads as follows:
J, =K ([P - P]-olx, -7])
where:

J, is the net fluid movement between compartments

P. is the capillary hydrostatic pressure

P, is the interstitial hydrostatic pressure

7. is the capillary oncotic pressure

m; is the interstitial oncotic pressure

K; is the filtration coefficient — a proportionality constant
o is the reflection coefficient
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Fluid entry Fluid exit

Vitreous* Miiller cells
Vessels RPE

Increased leakage

Fluid exit
Miiller cells
4~ Fluid entry
Vitreous™

RPE
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Vessels

Fig. 4 Mechanisms of macular edema. Macular edema results from an imbalance between fluid
entry and fluid exit leading to an abnormal accumulation of fluid within and/or under the retina
(*the contribution of the vitreous on the retinal fluid entry is limited)

In conditions such as inflammation and elevated intracapillary pressure, the
forces and membrane parameters governing transendothelial flux enhance filtration
and increase the interstitial accumulation of albumin. The increased oncotic pres-
sure in the neuroretina reduces fluid absorption and leads to retinal edema.

Rupture of Retinal Barriers

Barrier properties of retinal blood vessels and the RPE are due mainly to the pres-
ence of complex tight junction networks between cells. Tight junction and adherens
junctions are integral membrane structures connected to the actin cytoskeleton via
different adaptor molecules. Tight junctions are constituted by occludins, claudins
(particularly claudin 5), and junction-associated molecules (JAM) connected to
PDZ domain-containing proteins (among which is zonula occludens-1) and associ-
ated with an atypical protein kinase responsible for the tightly regulated phosphory-
lation of junction proteins (e.g., protein kinase C zeta, PKCC). Junction proteins are
transmembrane adhesive molecules closely linked to the cytoskeleton and with
polarization proteins in the RPE. Tight junction destabilization can result from
alteration of phosphorylation enzyme activity (e.g., PKCC in diabetes), reduction of
tight junction protein expression (e.g., occludin in diabetes), alteration of the cyto-
skeleton (e.g., secondary to oxidative damage or activation of RhoA/ROCK1 path-
way), calcium dynamics [8], cell loss or severe cell damage (e.g., in case of severe
inflammatory processes), and degradation of tight junction molecules by activation
of proteases [9]. During inflammation, the exact molecular mechanisms that lead to
tight junction disruption remain imperfectly understood. The cross talk between
microglia and endothelial cells could contribute to tight junction expression regula-
tion [10], while actin-binding molecules could also control vascular permeability
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via various signaling mechanisms such as activation of small GTPases [11]. Several
extracellular signals could also intervene through signaling pathways leading to
phosphorylation of actin and/or junction proteins, leading to their displacement
from the membrane to other subcellular compartments.

Mechanical stress can also contribute to tight junction rupture as observed in the
RPE submitted to chronic pressure secondary to vascular or melanocytic tumors in
the choroid or to choroidal vasodilation in central serous chorioretinopathy.

Soluble mediators inducing vascular and/or RPE permeability include cytokines,
such us monocyte chemoattractant protein-1 (MCP-1), tumor necrosis factor alpha
(TNF-a), interleukins (IL-1b, IL-8, IL-6), vascular endothelial growth factor
(VEGF) family members, acute phase proteins, enzymes, plasma activation systems
(contact system, complement factor system, coagulation factors, fibrinolysis fac-
tors), arachidonic acid metabolites, biogenic or vasoactive amines (histamine, sero-
tonin), eosinophil granular proteins, neuropeptides, oxygen free radicals, and nitric
oxide.

Vascular Abnormalities Associated with Enhanced Permeability

Besides alteration of the tight and adherens junction complexes, other abnormal
vascular changes can lead to increased fluid entry, visualized by “leakage” of dye
during fluorescein angiography. This is the case for retinal neovascularization pro-
liferating at the surface of the retina, with immature and low parietal stabilization,
aneurysmal dilation of retinal capillaries (leaky microaneurysms in diabetic reti-
nopathy), and vascular telangiectasia associated with intense protein leakage (as
observed in Type 1 idiopathic macular telangiectasia and Coats’ disease). Factors
potentially increasing the vascular permeability include lower pericyte coverage,
hemodynamic changes with focal occlusions and secondary endothelial alterations,
and elevation of the intravascular pressure.

Factors inducing vascular abnormalization include ischemia through hypoxia-
inducible factor 1-alpha (HIF-1a), VEGFA and placental growth factor (PGF), and
oxidative stress through advanced glycation end products (AGE). In certain disor-
ders, such as Type 2 idiopathic macular telangiectasia, they remain unknown. The
role of microglial cells and RMG cells is now considered as important players in the
development of retinal vascular diseases [12].

RPE Dysfunction

RPE dysfunction can contribute to fluid entry from the choroid into the subretinal
space. This enhanced fluid entry does not strictly belong to the classical vasogenic
mechanisms. Indeed, the RPE transports water from the subretinal space into the
choroid without rupture of the RPE tight junctions. The important RPE absorption
capacity is particularly obvious in case of retinal detachment. RPE transport of CI~
and K* is thought to drive transepithelial water transport. But in physiologic basal
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conditions, the CI~ conductance is up to 70% of the total basolateral conductance.
The transport rate of water through RPE is estimated between 1.4 and 11 pl/cm*h
[13]. Fluid absorption involves complex mechanisms operating in the apical and
basolateral membranes of the RPE cells that involve CI- transport, Na”K*ATPase
activity, and Ca2*-activated, volume-activated, and/or cAMP-activated ion chan-
nels. These mechanisms are differentially regulated under light or dark conditions
and are influenced by the circadian rhythm. Ion absorption in the RPE is accompa-
nied by water transport through aquaporins [5, 14-16]. Calcium channels in the
RPE were shown to regulate VEGF expression, suggesting a potential link between
RPE ion transport and VEGF-induced permeability [17].

In pathological conditions such as diabetic retinopathy, changes in aquaporin
expression were shown at the level of RPE [18].

Subretinal fluid accumulation resulting from alteration of fluid and ion transport
across the RPE has also been suggested in central serous chorioretinopathy
(Fig. 10a), but whether such changes per se are able to induce subretinal fluid in the
absence of RPE barrier disruption has not been demonstrated.

a Normal b Diabetic

H,0

Muller Cell swelling
Water/ ion channels
Glutamate toxicity

Fig. 5 (a) Normal retina; (b) Diabetic retina. Retinal Miiller glial cells in normal and diabetic
retina. Retinal Miiller glial cells drive water flux in and out the vessels through AQP4 and Kir4.1
channels, which are altered in pathologic states provoking macular edema. In the diabetic retina,
the drainage capability of the retinal Miiller glial cell is overwhelmed, and AQP4 and Kir4.1 are
displaced toward the outer portion of the retinal Miiller glial cell. Additional channels (AQP1 and
AQP9) are also expressed at the cell surface. As a consequence of macular edema, glutamate accu-
mulates, and its cellular toxicity contributes to the persistence of the macular edema
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Mechanisms Leading to Reduced Retinal Fluid Exit or
“Cytotoxic” Mechanisms: Retinal Miiller Glia Dysfunction

RMG drainage functions are altered in almost all retinal diseases associated with
ischemia and inflammation, as well as in chronic hyperglycemia [19]. RMG cells
play a central role in the hydro-ionic balance in the retina, absorbing water from the
retinal tissue by water transport coupled to the potassium clearance function. Kir4.1
channels are localized in the RMG cells’ membrane around the vessels in physio-
logic conditions but undergo a change in localization and/or levels of expression in
pathologic conditions. This leads to potassium excess within RMG cells, subse-
quent cellular swelling, and enhanced potassium levels in the extracellular milieu
with increased osmotic pressure. Retinal cysts can at least in part result from RMG
swelling and necrotic death [4, 20]. RMG cells also drive water flux in and out the
vessels through AQP4 channels, which are also altered in pathologic states (Fig. 5).

There are other evidences of the central role of RMG cells in ME formation such
as pharmacotoxic ME induced by chemotherapy drugs, which presents with silent ME
on fluorescein angiography. In these cases, drugs damaging the cytoskeleton can lead
to pure cytotoxic edema without any clinically detectable vasogenic component.

Interestingly, studies have shown that potassium conductance decreases in the
aging human retina favoring ME in elderly patients [21].

Mechanical Tractions

Any tractional force exerted at the vitreoretinal interface and/or under the retina can
cause or aggravate ME (Fig. 6). Three hypotheses may explain the mechanical for-
mation of ME: the deformations caused by traction on Miiller cells, with subsequent
metabolic impairment; the deformation of vessels with subsequent leakage from
altered vascular walls; and the decreased interstitial hydrostatic pressure creating
water, ion, and protein influx within the neuroretinal tissue.

In physiologic conditions, vitreous collagen fibers distribute tractional forces evenly
to the vitreoretinal interface, where they are intertwined with RMG cell end feet at the
internal limiting membrane (ILM). In case of vitreomacular traction exerted after par-
tial vitreous detachment, the same tractional forces are applied locally to fewer RMG
cells. This may lead to chronic RMG cell irritation and local release of inflammatory
mediators, which in turn may facilitate vascular leakage [22]. The same mechanical
process may account for vascular alterations, particularly because vessels are located
in the inner retinal layers. Finally, persistent tractional forces applied to the vitreoreti-
nal interface may lead to a decreased interstitial hydrostatic pressure within the neuro-
retinal tissue. By diminishing the interstitial pressure term in Starling’s law, this
traction results in an increased fluid influx from the vascular compartment [23, 24].

These processes probably occur simultaneously in the pathophysiology of
mechanical ME. Epiretinal membranes, macular pucker, vitreomacular traction due
to abnormal vitreous adhesion, and glial or glio-vascular proliferations observed in
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Fig. 6 Mechanical traction-induced macular edema. (a) Vitreomacular tractions leading to macu-
lar edema associated with an epiretinal membrane. (b) Epiretinal membrane and vitreomacular
adhesion leading to cystoid macular edema and an irregular retinal surface

proliferative vitreoretinopathy following retinal detachment and proliferative diabetic
retinopathy must be individually analyzed to understand their role in ME formation.

Causes of Macular Edema

ME can occur during the course of virtually every retinal disease at various phases
of their evolution. The mechanisms of ME discussed above are intricate, but accord-
ing to the causal disorder, certain mechanisms predominate.

Vasogenic Macular Edema
Retinal Vein Occlusion
Retinal vein occlusion leads to an increased intravascular pressure, blood-retinal

barrier breakdown, and vascular leakage (Fig. 7a). Inner retinal hypoxia is associ-
ated with increased VEGF levels through HIF-la, nitric oxide, and
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Fig. 7 Various causes of vasogenic macular edema imaged by color fundus photography and
OCT. (a) Central retinal vein occlusion, characterized by flame-shaped hemorrhages, venous
tortuosity, and few cotton-wool spots. Macular edema manifests by the intraretinal and sub-
retinal accumulation of fluid. (b) Diabetic retinopathy and diabetic macular edema, displaying
numerous dot-blot hemorrhages and lipid exudates. Optical coherence tomography shows dif-
fuse cystoid macular edema and focal hyperreflective dots corresponding to the exudates.
(¢) Hypertensive retinopathy characterized by peripapillary distribution of cotton-wool
spots, hemorrhages, and macular edema with subretinal fluid seen on optical coherence
tomography

pro-inflammatory cytokines that contribute to the inner blood-retinal barrier rup-
ture [25]. Hypertension, frequently associated with retinal vein occlusion, aggra-
vates ME by further increasing the intracapillary hydrostatic pressure in the
Starling equation. In addition, secondary hypoxic alterations of RMG cells may
also lead to cytotoxic edema [26]. In cases of retinal vein occlusion with associ-
ated ischemia, excitotoxicity due to glutamate excess induces intracellular neuro-
nal edema secondary to cellular energy failure [27]. Subretinal fluid is present in
about half of central retinal vein occlusions and indicates that outer retinal barrier
breakdown contributes to ME formation [28]. Indeed VEGF release also acts on
the RPE barrier function through the VEGF receptor 1 (Flt-1), whose expression
is under HIF-1a regulation [29].
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Diabetic Macular Edema (DME)

The pathogenesis of DME is complex and multifactorial. Before any microangi-
opathy is clinically observed, intraretinal local inflammation (i.e., neuroinflam-
mation) causes neuronal damage [30, 31]. Specifically, activation of microglial
cells contributes to the local release of nitric oxide, TNF-a, interleukins, and
VEGEF [32]. In physiologic conditions, microglia trafficking contributes to retinal
homeostasis. Active clearance of microglial cells through RPE transcytosis was
demonstrated in the rodent retina, which prevents subretinal accumulation of acti-
vated cells. With aging, this active clearance increases in order to compensate for
enhanced microglial activation to age-related debris, while it decreases in case of
diabetic retinopathy as a consequence of alteration of cytoskeleton plasticity [32,
33]. Accumulation of microglia in the diabetic retina was also demonstrated to
occur in humans [34, 35].

Besides microglia, RPE and RMG cells submitted to chronic hyperglycemia, as
well as metabolic and oxidative stress, also release inflammatory mediators such as
VEGF through the activating transcription factor 4 (ATF4), IL-6, IL-8, TNF-a,
MCP-1, chemokines, thrombospondin-1, and many other soluble factors [31, 36].

Microangiopathy results from several mechanisms: neurodegeneration [37], acti-
vation of the polyol pathway, nonenzymatic glycation of proteins, glucose auto-
oxidation and oxidative stress, hyperglycemic pseudohypoxia, activation of protein
kinase C by de novo synthesis of diacyl glycerol, and others [38, 39]. These
hyperglycemia-induced alterations of metabolic pathways affect endothelial cells
and pericytes, leading to reduced pericyte coverage of retinal capillaries and micro-
vascular degeneration [40—44]. Leukostasis, due to reduced deformability of leuko-
cytes in diabetic patients; a reduced capillary lumen, due to basal membrane
thickening and endothelial cell alterations; leukocyte activation by stromal cell-
derived factor 1 (SDF-1); and increased adhesion all contribute to capillary occlu-
sion [45]. Such vascular occlusion leads to increased levels of VEGF and other
vascular permeability-inducing cytokines that contribute to vasogenic ME. Other
vascular abnormalization processes such as the formation of microaneurysms con-
tribute to focally enhanced fluid leakage and edema. The exact mechanisms leading
to microaneurysms formation are not fully understood and involve VEGF, PGF
[46], and pericyte alterations [47]. Activation of the renin-angiotensin system also
contributes to the microvascular abnormalities in diabetic retinopathy, via the stim-
ulation of growth factors such as VEGF, which induces vascular leakage, pericyte
migration, angiogenesis, and fibrosis [48, 49]. The plasma kallikrein-kinin system
(KKS) has also been related to diabetic ME. In advanced stages of diabetic retinopa-
thy, the vitreous concentration of plasma kallikrein is increased. The intraocular
activation of KKS induces retinal vascular permeability and ME, and it has been
shown to be exacerbated in diabetic rats [5S0-52].

Compromised capillaries and leaky microaneurysms are the major vasogenic
components in DME. But early alterations of the outer retinal barrier and the RMG
drainage functions also contribute to DME [53-55].
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Alteration of neuronal metabolism, glial cell death, and secondary ischemic cell
suffering are also key players to DME through cytotoxic mechanisms. The role of
insulin in DME remains disputed. Indeed, clinical trials and other studies have
determined that initiation of acute intensive insulin therapy in patients with long-
standing poor glycemic control results in a worsening of diabetic retinopathy [56].
A change in treatment from oral drugs to insulin in patients with non-insulin-
dependent diabetes mellitus type 2 was associated with a significantly increased risk
of retinopathy progression and visual impairment [57].

In summary, DME results from a combination of factors, whose contribution
depends on the type of diabetes, the patient age, and their interaction with other
systemic factors such as hypertension, vascular endothelial dysfunction, and lipid
metabolism deregulation (Figs. 7b, 8, and 9).

Hypertensive Retinopathy

Acute arterial hypertension may provoke hypertensive retinopathy, hypertensive
choroidopathy, and hypertensive optic neuropathy. Hypertensive retinopathy results
from retinal capillary and precapillary occlusions, with a subsequent rupture of the
inner blood-retinal barrier producing intraretinal edema. Hypertensive choroidopa-
thy is characterized by focal areas of choriocapillaris occlusion resulting in RPE
damage and rupture of the outer blood-retinal barrier leading to subretinal fluid
accumulation and retinal edema (Fig. 7c) [58].
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Inflammatory Macular Edema

In the acute phases of an intraocular inflammatory process, ME is frequently not
detected clinically. However, the rupture of the ocular barriers is obvious (as evi-
denced by the presence of aqueous or vitreous cells), supporting the idea that retinal
barrier breakdown may not be sufficient to cause ME.

On the other hand, ME is a frequent manifestation in chronic uveitis (Fig. 10b)
and results from enhanced fluid entry through compromised inner and outer retinal
blood barriers and from diminished fluid exit secondary to inflammatory altera-
tions of RPE and RMG cells. Vasopermeability-inducing cytokines such as VEGF,
IL-1p, IL-6, IL-8, TNF-a, and nitric oxide are produced at high levels by ocular
resident cells, immune cells, and infiltrating cells and contribute to vasogenic
ME [59, 60].

Similarly, the delayed accumulation of fluid in the macula observed in postop-
erative cystoid ME (Irvine-Gass syndrome, Fig. 10c) is related to blood-aqueous
barrier breakdown mechanisms [61, 62].
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Fig. 10 Various causes of
vasogenic macular edema
seen on OCT. (a) Chronic
central serous
chorioretinopathy. (b)
Extramacular toxoplasmic
retinochoroiditis, with
macular edema developing
4 months after onset of
inflammation. Note the
secondary epiretinal
membrane that may
aggravate the macular
edema. (¢) Irvine-Gass
syndrome occurring 1
month after cataract
surgery. (d) Active
neovascular age-related
macular degeneration with
an advanced subretinal
fibrotic complex

Macular Edema and Choroidal Neovascularization

Choroidal neovascularization, either idiopathic or secondary to AMD (Fig. 10d),
pathologic myopia, or inflammation, induces the accumulation of subretinal and
intraretinal fluid as a result of the enhanced permeability of the neovascular compo-
nent itself and the secondary blood-retinal barrier breakdown. VEGF is not signifi-
cantly elevated in the ocular media of patients with wet AMD as compared to
control, but the efficacy of anti-VEGF drugs in choroidal neovascularization-
induced ME gives evidence that VEGF is a major pathogenic player [63-65].

Cytotoxic Macular Edema

Pure cytotoxic ME is very rarely observed, and cytotoxic mechanisms are rather
intricate and secondary to ME itself.

Chemotherapy-Induced Macular Edema
The best example of pure cytotoxic ME is caused by anti-microtubular agents, such

us docetaxel and paclitaxel, used in the treatment of breast and ovarian cancers.
Anti-microtubular agents have been reported to cause bilateral cystoid macular
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Fig. 11 An example of cytotoxic macular edema. Paracentral acute middle maculopathy with two
ischemic lesions affecting mostly the inner nuclear and inner plexiform layers (star and arrow).
The ischemic edema appears as focal whitish lesions on fundus examination (a), as hyporeflective
lesions on near-infrared reflectance (b), and as focal hyperreflectivities on optical OCT (c, d)

edema without evidence of leakage in fluorescein angiography [66]. The targeting
of cell microtubules alters molecular motors and subsequent membrane channel
distribution, causing a dysfunction in drainage mechanisms and subsequent ME.

Retinal/Choroidal Ischemia and Macular Edema

Retinal arterial occlusions cause acute inner retinal edema secondary to intracellular
swelling of neuronal and glial retinal cells, which manifests as an increased reflec-
tivity on OCT, a well-known feature of central or branch retinal artery occlusions.
In addition, localized retinal capillary ischemia also results in intracellular edema as
recently described in paracentral acute middle maculopathy (Fig. 11) where no vas-
cular angiographic leakage is present [67, 68]. Combined mechanisms may occur,
as illustrated by the observation of paracentral acute middle maculopathy findings
during the course of central retinal vein occlusions [69]. However, these alterations
were not observed in areas of cystoid ME. In the majority of cystoid ME cases, the
real contribution of pure cytotoxic ischemic mechanisms is difficult to evidence and
has not been clearly demonstrated.

Conclusion

Mechanisms leading to ME are usually intricate and difficult to discriminate in the
various clinical presentations of ME. The recent multimodal combination of fluo-
rescein, indocyanine green angiography, and spectral-domain optical coherence
tomography (SD-OCT) helps to better understand the exact alterations of retinal
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structures that cause fluid accumulation within or under the retina. It also contrib-
utes to guide more appropriate and targeted treatments. However, most of the
molecular mechanisms described in this chapter result from experimental models in
rodents that do not have a macula. Since in humans edema forms mostly, if not
exclusively, in the macula, the extrapolation of such mechanisms remains approxi-
mate and hazardous. Basic research and human pathology is still required to iden-
tify molecular targets specific to the macula that could be regulated by
pharmacological agents.
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Chapter 3
Diagnosis of Cystoid Macular Edema:
Imaging

Dilraj S. Grewal and Glenn J. Jaffe

Introduction

Early detection of cystoid macula edema (CME) is critical for diagnosis and man-
agement. Traditional methods of accessing macular edema include contact and non-
contact slit lamp biomicroscopy, indirect ophthalmoscopy, fluorescein angiography
(FA), and fundus stereo photography. However the interpretation of their results can
be subjective, and subtle changes in retinal thickness in early CME may not be
evident.

Optical coherence tomography (OCT) correlates well with retinal histology [1]
and can be used to quantitatively and qualitatively monitor retinal thickness over
time. Compared to biomicroscopy and FA, OCT is more sensitive in detection of
macular edema and subretinal fluid, and subclinical macular edema is often only
detected by OCT. In general, CME is visualized on OCT scans as multiple circular
cystic spaces in the retina, indicating intraretinal edema. The cystic spaces are round
or oval and originate around the outer plexiform layer (OPL) but can progress to
involve the photoreceptor layer and the inner retinal layers. Occasionally, cystic
retinal edema can enlarge and have the appearance of a foveal pseudocyst. OCT is
highly effective to visualize CME because the cystoid fluid has less optical scatter-
ing than the surrounding retinal tissues.

Advancements in imaging technologies and resolution have improved our under-
standing of CME due to different pathologies and their differentiating characteris-
tics. In this chapter, we discuss the imaging methods to diagnose CME of different
etiologies.
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CME Associated with Diabetes: Diabetic Macular Edema

Diabetic macular edema (DME) results from pathologic leakage from damaged reti-
nal microvasculature and insufficient clearance of plasma by Miiller and retinal
pigment epithelial (RPE) cells. Vascular leakage and intraretinal fluid (IRF) accu-
mulation can be imaged clinically using FA in eyes with DME. The classification of
DME has evolved considerably since the Early Treatment Diabetic Retinopathy
Study (ETDRS) characterization as focal or diffuse based on clinical examination
and FA findings [2, 3].

OCT permits analysis of outer retinal layer integrity in DME, which is linked to
the visual prognosis [4—10]. For example, disruption of the hyperreflective ellipsoid
layer indicates macular photoreceptor damage and is associated with decreased
visual acuity. Intraretinal fluid, increased retinal thickness, macular ischemia, and
foveal exudates also contribute to the poor prognosis in DME [11]. Based on a 10 %
test-retest variability of OCT retinal thickness measurements in diabetics, >10 %
thickness change is often considered clinically relevant in DME [12]. Different pat-
terns of fluid accumulation have now been described. Otani described three patterns
of structural changes in DME: diffuse retinal thickening (DRT), CME, and serous
retinal detachment (SRD) [13]. They reported that DRT (focal or diffuse edema)
first appeared as a reduction in the tissue reflectivity and increased retinal thickness,
followed by a “spongy” appearance of the retina. CME was defined as the accumu-
lation of IRF in well-defined spaces. SRD was usually due to chronic edema and
was characterized by coalescence of cystic cavities and sensory retinal elevation.
Kim et al. similarly described five different morphologic patterns on OCT [14]:
DRT, CME, SRD, posterior hyaloid traction (PHT) without macular tractional reti-
nal detachment (TRD), and PHT with TRD. DRT was defined as increased retinal
thickness with areas of reduced intraretinal reflectivity (Fig. 1). CME was character-
ized by intraretinal cystoid-like cavities defined as large ovoid hyporeflective areas

Fig. 1 Diffuse retinal
thickening pattern of
diabetic macular edema
(DME) with increased
retinal thickness and a
“spongy”” appearance of
the retina. There is a
reduction in the reflectivity
of the outer retinal layers
due to the overlying cystic
spaces and intraretinal
fluid (fop). Fluorescein
angiography (bottom)
demonstrates generalized
leakage prominent on late
frames without a discretely
identifiable source
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Fig. 2 Cystoid macular edema (CME) pattern of DME: Retinal thickening and hyporeflective
cystic spaces in the inner retina separated by hyporeflective septae with subfoveal subretinal fluid
(right). Fluorescein angiogram (left) shows paravoeal petaloid leakage corresponding to the CME
and leakage temporally due to microaneurysms

Fig. 3 DME with posterior hyaloid
traction (PHT) without tractional retinal
detachment. Top figure shows diffuse DME
with large intraretinal cystic spaces and
intraretinal fluid and an adherent posterior
hyaloid. Following anti-vascular
endothelial growth factor (VEGF) therapy,
there is an improvement in intraretinal and
subretinal fluid but a persistent foveal
intraretinal cyst and posterior hyaloidal
traction on the fovea (bottom figure)

separated by hyperreflective septae (Fig. 2). PHT was defined as a highly reflective
band over the retinal surface and SRD appeared as a dark accumulation of subretinal
fluid beneath the highly reflective and dome-like elevation of detached retina. They
used the highly reflective band representing the outer surface of the detached retina
to differentiate SRF from IRF (Fig. 3). TRD was identified as the area of low signal
underlying the highly reflective border of the detached retina, often in a peaked
configuration (Fig. 4). These TRDs may often be subclinical and visualized only on
OCT [15].

In addition to these descriptive classifications, various intraretinal microstruc-
tural anatomical characteristics have been described in eyes with DME. These
include hyperreflective foci (HRF), a morphologic sign of accumulation of IRF and
lipid extravasation, suggested to be precursors of hard exudates before they become
clinically visible [11, 16, 17]. Outer retinal HRF have been associated with dis-
rupted ELM or ellipsoid layer and decreased VA, suggesting photoreceptor degen-
eration in DME. Pemp et al. [18] showed that DME reduction during anti-VEGF
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Fig. 4 DME with a tractional retinal detachment: Intraretinal cystic spaces superior and inferior
to fovea with a tractional retinal detachment in the superior and inferior macula in a peaked con-
figuration visualized on vertical OCT scan. Hyperreflective opacities in the vitreous represent a
mild vitreous hemorrhage

therapy was accompanied by dynamic rearrangement of these intraretinal exudates.
Type 1 diabetes patients have fewer HRF than with type 2 diabetes [19]. Gelman
et al. [20] reported hyperreflective dots in a contiguous ring around the inner wall of
cystoid spaces in the OPL, a pattern that they referred to as the “pearl necklace
sign.” This configuration was found adjacent to hard exudates in the OPL, and the
hyperreflective material was speculated to be composed of lipoproteins or lipid-
laden macrophages.

Microaneurysms (MAs) in DME have also been evaluated on OCT. The OCT
parameters of leaking microaneurysms include outer and inner diameter of the
microaneurysm and wall thickness [21, 22]. Hyperreflective spots on OCT in micro-
aneurysm lumens have been suggested to be cellular components such as erythro-
cytes, leukocytes, and lipid deposits [22]. Lee et al. characterized microaneurysm
closure following focal laser photocoagulation in DME using simultaneous FA and
OCT [23]. Microaneurysm closure following focal laser photocoagulation was
characterized either by hyperreflective spots or complete disappearance without any
hyporeflectivity. Smaller microaneurysms with a heterogeneous lumen were more
likely to close [23].

It is of critical importance to identify anatomical biomarkers of DME that predict
visual outcome and guide the choice of candidate drugs for interventional trials.
However, a reliable anatomical biomarker of VA in patients with DME has yet to be
firmly established. OCT retinal thickness measurements, although an important clini-
cal and anatomic evaluation tool, are not an ideal surrogate for VA as a primary out-
come in DME studies. Although OCT-derived central retinal thickness is commonly
utilized in DME evaluation and management, central foveal thickness (CFT) explains
no more than 27 % of the variation in VA [24]. There have been attempts to identify
various OCT-based biomarkers that better correlate anatomic microstructure with
function and predict visual recovery in eyes with DME. These microstructures include
the external limiting membrane (ELM), integrity of the ellipsoid layer (formerly
described as the inner segment/outer segment photoreceptor junction) [6, 8, 25], thick-
ness of the photoreceptor outer segments, status of the cone outer segment tips (COST)
[71, presence of hyperreflective foci [11, 17, 26], and subretinal fluid (SRF) [27].



3 Diagnosis of Cystoid Macular Edema: Imaging 31

Horri et al. [28] showed that after triamcinolone acetonide treatment for DME,
reduced reflectivity in foveal cystoid spaces was associated with a rebound in macu-
lar thickening and visual deterioration. Cystic macular changes have been associated
with photoreceptor layer damage to a greater extent than diffuse edema and serous
retinal detachment. ELM breakdown has been shown to lead to subfoveal SRF [16].
Foveal photoreceptor layer status has been closely related to visual acuity in patients
with DME [9, 29]. However, the influence of the foveal avascular zone size on the
photoreceptor layer integrity is yet to be clearly defined. Some of the changes evalu-
ated on OCT persist even following DME treatment. Despite treatment and resolu-
tion of DME and restoration of macular thickness, the ganglion cell inner plexiform
layer thickness in eyes with resolved DME is thinner than that in eyes without
DME. This difference correlates with decreased visual acuity, suggesting that inner
retinal alterations in DME may lead to visual deficiency that persists after treatment
[30]. Lee et al. demonstrated that ischemia in eyes with DME caused photoreceptor
outer segment shortening and ellipsoid layer disruption, resulting in outer retinal
layer atrophic changes and subsequent visual loss [31]. Soliman et al. [32] found
that cystoid spaces, especially in the INL, were associated with worse VA outcome
after macular grid laser photocoagulation for DME. Areas beneath the OPL cystoid
spaces have been shown to have longer spans of disrupted ellipsoid layer and ELM
[29]. There is general consensus that a correlation exists between retinal thickness
and visual acuity (VA) in patients with DME [14]. The OCT pattern that was found
to be associated with worse VA was “CME”; eyes with CME had a 0.40 reduction in
logMAR acuity compared with eyes that had DME without this pattern [14].

Retinal inner layer disorganization within the central 1 millimeter (mm) foveal
area predict worse VA in eyes with center-involved DME [33, 34]. This anatomic
feature had a higher correlation with VA than central retinal thickness, large intra-
retinal cysts, or current glycemic status. Disorganization of the retinal inner layers
could identify eyes with a high likelihood of subsequent VA improvement or decline;
disorganization of the retinal inner layers affecting 50% or more of the central
I-mm-wide zone centered on the fovea had worse VA [33]. It has been proposed that
this anatomic change represents disorganization or destruction of cells within the
inner retinal layers, including bipolar, amacrine, or horizontal cells, and possibly
indicates a disruption of pathways that transmit visual information from the photo-
receptors to the ganglion cells. Histologic assessment of these changes would help
confirm this hypothesis. If true, early-stage retinal inner layer disorganization could
be used as a prognostic visual acuity marker in untreated eyes with DME.

Over recent years, in addition to improved resolution, the application of image
processing to OCT image interpretation has mostly focused on the development of
automated retinal layer segmentation methods [35, 36]. There have been several
challenges in this effort. OCT images are often corrupted by speckle noise and need
to undergo noise reduction to reduce its effect on the classification results. Speckle
occurs in OCT due to the random interference of waves reflected from subresolution
variances within the object. Maintaining edge-like features in the image after
speckle denoising is particularly important for segmentation. It is easier to segment
the retinal layers in early stages before the appearance of severe pathology [35, 37].
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CME comprises a contiguous fluid-filled space containing columns of tissue;
these spaces may falsely appear as separated cysts when viewed by OCT. It has been
therefore suggested that retinal volume may be a better predictor of VA than central
macular thickness in CME [38]. Automated segmentation of the cystoid fluid vol-
ume in CME has been described to identify regions of cystoid fluid within a three-
dimensional retinal stack of images. However the correlation of this total cystoid
volume with VA and its ability to distinguish intraretinal cysts from other features
such as SRF or an epiretinal membrane (ERM) has yet to be established. Automated
layer segmentation software allows detection of relatively few anatomical boundar-
ies, which may limit its application in “real-world” clinical OCT images which are
often not of the same quality as experimental images attained through study imag-
ing sessions.

Imaging the Choroid in DME

There has been recent interest in the role of choroidal imaging in DME. The choroi-
dal vasculature, especially the choriocapillaris layer, is critical to maintain the neu-
rosensory retina as it nourishes the outer retina. Definitive changes in the choroid
have been confirmed on histopathology [39]. New imaging techniques including
long-wavelength OCT, polarization-sensitive OCT, and standard spectral-domain
(SD) OCT with an enhanced depth-imaging mode allow assessment of choroidal
thickness.

The choroid of patients with diabetic retinopathy and DME is thinner than that
of age-matched healthy people as well as fellow eyes without DME [40, 41].
Subfoveal medium choroidal vessel layer and choriocapillaris layer thicknesses
have also shown to be reduced in DME [42]. In contrast, Kim et al. showed that the
subfoveal choroid was thicker in eyes with DME than in those without and was
thickest in eyes with SRD-type DME [43]. Central choroidal thickness decreases 6
months after anti-vascular endothelial growth factor (VEGF) therapy for DME [44].
Eyes with thicker baseline subfoveal choroidal thickness may have better short-term
anatomic and functional responses [45].

Fluorescein Angiography in DME

While OCT provides valuable morphologic information and is useful to monitor
DME and its response to treatment [46], FA offers critical biological information
such as location, intensity, and leakage source. Furthermore leakage area as mea-
sured by FA continues to be a relevant secondary endpoint in major studies of DME
treatment [47].

Although FA provides additional information about DME that is complementary
to OCT, change in FA leakage over time is considered by many to be a more valu-
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able metric than the absolute leakage at a single timepoint. This is partly because
quantification of features on FA is typically not as reproducible compared to other
imaging modalities such as OCT. Identification of DME subtypes by FA has poten-
tial to guide therapy and monitor disease activity. Various subtypes of DME have
been proposed based on differences in the pattern of fluorescein leakage [48]. Focal
leakage manifests as discrete foci of leakage on early FA frames and corresponds to
MAs. The diffuse subtype is characterized by generalized leakage prominent on late
FA frames without a discretely identifiable source (Fig. 1). The angiographic
appearance in eyes with DME can include either of these two leakage patterns, or a
mixture of both [49].

Correlation between the FA macular leakage pattern and the edema morphol-
ogy on OCT has been shown [21, 32, 50-52]. Variability of OCT reflectivity lev-
els in the foveal cystoid spaces that corresponds to fluorescein pooling has been
shown in DME. However the clinical relevance of this finding remains to be estab-
lished [53].

While reproducible quantitative and qualitative analysis of FA is possible by
experienced graders in the setting of a formal image reading center, its use for sub-
typing in the clinical setting is hindered by the subjective nature of FA interpreta-
tion. There has been long-standing interest in objective methods to quantify FA
leakage. Segmentation of leakage on fluorescein angiograms obtained in the clinic
is challenging, partly due to difficulties with FA sequence registration. There have
been attempts to automate MA detection [54, 55], extraction of vessels [56], foveal
avascular zone (FAZ) detection [57], and even automated leakage detection or
quantification [58—61]. Rabbani et al. recently described a fully automated image
segmentation algorithm without manual inputs to reproducibly and accurately
quantify DME leakage area [62].

Using OCT and FA, Bolz et al. [21, 63] proposed the SAVE protocol for DME
categorization. “S” stands for subretinal fluid, “A” for area, “V” for vitreoretinal
interface abnormalities, and “E” for etiology. Based on etiology, DME leakage was
categorized as focal or multifocal (FA with definable leakage source), non-focal
capillary leakage (FA without definable leakage source), macular or peripheral isch-
emia (ischemia anywhere on FA associated with focal or non-focal edema on OCT),
and atrophic edema (cystoid swelling on OCT). Newer technologies like en face
OCT, OCT angiography, and retromode scanning laser ophthalmoscope (SLO) are
also being investigated in DME.

Pseudophakic Cystoid Macular Edema

CME associated with cataract extraction was initially described by A. Ray and
Irvine, Jr., in patients with unexplained visual loss following intracapsular cataract
extraction. Subsequently, this phenomenon was identified by Gass and Norton as
macular edema with a classic perifoveal petaloid FA staining pattern and late nerve
leakage [64, 65].
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Fig. 5 Pseudophakic CME
with cystic spaces and
subfoveal subretinal fluid
(bottom). There is
parafoveal petaloid leakage
on the fluorescein
angiogram and mild
leakage at the optic nerve
(top)

More recently, OCT characteristics of pseudophakic CME have been described.
These features include macular thickening and cystic spaces in the OPL, occasion-
ally with subfoveal fluid (Fig. 5). An OCT-based automated statistical classification
approach to differentiate DME from pseudophakic CME has been evaluated.
Grading parameters included assessment of CME pattern, cyst distribution in
ETDRS grid, morphologic features, and quantitative parameters such as individual
layer thickness. Munk et al. [66] showed that higher central retinal thickness/vol-
ume ratio, the absence of ERM, and solely inner nuclear layer (INL) cysts indicated
pseudophakic CME; a higher ONL/INL ratio, the absence of SRF, the presence of
hard exudates, microaneurysms, and ganglion cell layer and/or retinal nerve fiber
layer cysts favored DME. The optical density of subretinal fluid in DME and pseu-
dophakic CME was similar [67].

Oh and associates reported the presence of vitreous hyperreflective dots follow-
ing phacoemulsification. The number of hyperreflective dots detected 1 week fol-
lowing surgery predicted the development of CME at 1 month [68]. These vitreous
hyperreflective dots were thought to correspond to lens fragments, denatured pro-
teins, or clumps of intraocular cells. They were >20 pm in size which was larger
than vitreous cavity cells seen as ~15 pm hyperreflective dots on OCT in uveitic
eyes [69]. The authors concluded that despite the unclear nature of these dots, their
association with pseudophakic CME suggested a relation to postoperative inflam-
mation and vascular permeability.

Evaluation for previously undiagnosed photoreceptor disruption is important in
assessment of eyes with unexplained vision loss despite resolution of pseudophakic
CME. Using a 4 pm resolution OCT [70], persistent anatomic alteration of photore-
ceptors, described as a blurring of cone photoreceptor outer segment tips, correlated
with reduced visual acuity in eyes with resolved pseudophakic CME that did not
achieve 20/20 visual acuity compared with eyes that did.
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Other OCT characteristics associated with pseudophakic CME include vitreo-
macular traction (VMT), extrafoveal vitreoretinal traction [71, 72], ERM, or ERM
following prior ERM peeling [73, 74]. Odrobina et al. [75] recently suggested that
a thinner choroid in eyes with pseudophakic CME compared to fellow eyes indicate
that reduced choriocapillaris blood flow may be a possible CME etiologic factor.
Others have reported, however, that eyes with pseudophakic CME had greater thick-
ening of the subfoveal choroid, which preceded CME development by 1 month [76].

CME Associated with Retinal Vascular Occlusions

CME, a major cause of visual acuity loss in patients with retinal vascular occlusion
(RVO) [77], is characterized by intraretinal fluid accumulation with diffuse retinal
thickening or formation of cystoid spaces, SRF accumulation, or macular traction due
to ERM formation (Figs. 6 and 7). OCT assessment of retinal thickness and structural
changes provides useful information to determine treatment strategy for RVO-
associated CME and to predict the long-term visual prognosis. OCT anatomic param-
eters such as foveal thickness, serous retinal detachment, central cystoid spaces, and
pigment epithelial changes correlate with decreased visual recovery after RVO [78, 79].

Various RVO anatomic biomarkers have been evaluated with OCT. In eyes with
central retinal vein occlusion (CRVO), foveal thickness >700 pm should raise sus-
picion for an ischemic form of CRVO [80]. In BRVO, cystoid spaces >600 pm in
diameter have been associated with a longer occlusion of duration and poor visual

Fig. 6 CME in non-
ischemic central retinal
vein occlusion (CRVO)
with diffuse retinal
thickening, cystoid spaces,
and accumulation of
subretinal fluid (top).
Fluorescein angiogram
shows diffuse parafoveal
leakage (bottom)
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Fig. 7 CME in branch
retinal vein occlusion
(BRVO) with intraretinal
cystoid spaces, no
subretinal fluid (top),
petaloid leakage on
fluorescein angiogram
(middle), and parafoveal
hyper fundus
autofluorescence (FAF)
pattern on fundus
autofluorescence (bottom)

improvement with bevacizumab therapy [81, 82]. Loss of the subfoveal ellipsoid
layer and the absence of the inner retinal layers on OCT are correlated with poor
visual outcomes in patients with CRVO [83] and branch retinal vein occlusion
(BRVO) [79, 84, 85]. In addition, loss of the inner retinal layers correlates with
macular ischemia diagnosed in early FA frames [78].

Tsujikawa and associates reported that a breakdown of the ELM barrier function
caused movement of IRF into the subretinal space in RVO-associated CME [86].
They also reported highly reflective vertical lines beneath the cystoid spaces that
were proposed to represent tracks through which the IRF within the cystoid spaces
flowed into the subretinal space [16, 86, 87]. Hasegawa et al. also observed highly
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Fig. 8§ CME in BRVO
with subretinal fluid (fop)
and a hyperreflective track
line (below, white arrow)
at the fovea after resolution
of CME

reflective vertical lines termed “track lines” beneath the cystoid spaces in the OCT
images similar to those described by Tsujikawa et al., but note that the lines per-
sisted despite resolution of CME [86, 88]. It has been suggested that the track lines
probably developed when the CME resolved rapidly by the treatment. They observed
these track lines at the fovea after resolution of CME associated with BRVO (Fig. 8).
Track lines are thought to cause the localized damage of the photoreceptors.
Hyperreflective foci are track line components, and it is thought that hyperreflective
foci deposited in the outer retina causes the photoreceptor damage [11, 16, 89-91].
The specific mechanism that accounts for photoreceptor damage is unknown, but it
has been proposed that macromolecules in IRF pass through small ELM disruptions
and cause photoreceptor damage. Therefore, the track lines may be associated with
localized rather than diffuse photoreceptor damage. Hasegawa et al. [88] suggested
that the track lines are associated strongly with an initially disrupted ELM and thus
might not be detected in eyes with spontaneous CME resolution. Track lines may
thus be a useful marker of photoreceptor damage in eyes with resolved macular
edema associated with BRVO.

Another biomarker that has been evaluated is an inward curvature of the foveal
ellipsoid zone, seen in normal eyes, and termed the “foveal bulge” [92]. The foveal
bulge is a good marker of visual functional in eyes with resolved BRVO-associated
CME. The presence of the foveal bulge indicates better BCVA after resolution of the
macular edema associated with BRVO [92]. In eyes with an intact foveal ellipsoid
layer after resolution of BRVO-associated CME, the retinal thickness at the foveal
center was thinner, and the photoreceptor OS length was shorter in the group without
a foveal bulge than in the group with it [92]. The study suggested that CME dam-
ages foveal photoreceptor outer segments resulting in the absence of a foveal bulge.

Ellipsoid layer disruption at the central fovea has been shown in eyes with poor
visual acuity despite complete resolution of CME (Fig. 9) [79, 83, 85]. It has also been
shown that the integrity of the ellipsoid layer correlates with VA in eyes with resolved
RVO-associated CME [92-94]. An association between the initial foveal thickness
and final VA is somewhat controversial. While some have reported a correlation
between the initial foveal thickness and final VA in eyes with RVO and persistent
CME after treatment [82, 85], others have not observed this association [82, 94].
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Fig. 9 Lack of visual
acuity improvement in an
eye (stable at 20/60) with
CME associated with
non-ischemic CRVO (rop)
despite near-complete
resolution of CME
following treatment with
anti-vascular growth factor
injections attributed to
ellipsoid layer disruption at
the central fovea (bottom)

Fig. 10 Hyperreflective foci in an eye with BRVO and CME (fop) with increased subretinal lipid
exudates 8 weeks later (botfom). It has been suggested that these foci could be small intraretinal
protein and/or lipid deposits and precursors of hard exudates

Various anatomical characteristics have been evaluated as potential prognostic
indicators in RVO-associated CME. In CRVO-associated CME, the presence of
SRF or the diameter of cystoid spaces has not been shown to be predictive for treat-
ment outcome [82]. Ellipsoid layer integrity and ELM status at baseline correlate
with better visual outcomes after anti-VEGF treatment for RVO- associated CME
[94, 95]. Severe photoreceptor damage during the acute or chronic phase of RVO
might lead to a substantial photoreceptor outer segment defect, resulting ellipsoid
zone loss [79, 83]. Kang et al. suggested that hyperreflective foci detected on the
baseline OCT were predictive of visual outcomes following anti-VEGF treatment
[94]. Fine hyperreflective foci found on OCT, however, could not be found on
fundus photographs taken simultaneously. In contrast, confluent hyperreflective foci
on OCT were detected as hard exudates in the corresponding fundus photograph,
and a previous study suggested that these fine foci, characterized by the same
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Fig. 11 CME associated
with a superotemporal
BRVO with intraretinal
hemorrhages: fundus
autofluorescence (FAF)
demonstrates
hyperautofluorescence in
the fovea corresponding to
the CME and
hypoautofluorescence
superiorly corresponding
to the hemorrhages (top),
vertical OCT scan shows a
superior macular edema
pattern (bottom)

hyperreflectivity as confluent dots, might be small intraretinal protein and/or lipid
deposits which are precursors of hard exudates (Fig. 10) [16].

In eyes with BRVO, ELM and ellipsoid layer were significantly more disrupted
in eyes that had hyperreflective foci as part of the track lines in the outer retinal lay-
ers [88]. These findings suggested that photoreceptor status, rather than foveal
thickness, was more likely correlated with the final BCVA, after CME treatment in
BRVO. Asymmetric CME distribution in the vertical scan is often pathognomonic
for BRVO. Because of the higher prevalence of superotemporal vein occlusions
[96], vertical line scans show a superior macular edema pattern in BRVO with a
higher prevalence of cysts in the inner superior ETDRS subfield (Fig. 11).

Choroidal thickness has also been evaluated in RVO-associated CME. In both
BRVO and CRVO, the choroidal thickness is greater than in the unaffected fellow
eyes, and the choroidal volume is decreased following anti-VEGF treatment [97, 98].

CME Associated with Vitreoretinal Interface Abnormalities

An ERM results from proliferative change at the vitreoretinal interface.
Tangential traction from ERM may cause macular thickening with or without
fluorescein leakage. ERMs can also distort the underlying retina and create
cystoid spaces.

On OCT the posterior hyaloid, a minimally reflective structure, can often be dif-
ferentiated from an ERM, which is highly reflective [99]. Wilkins et al. described
two patterns of ERM adherence [100]: a broadly attached ERM, which was most
common (Fig. 12), and less frequently, ERM with focal attachments. OCT has also



40 D.S. Grewal and G.J. Jaffe

Fig. 12 CME with
intraretinal cystoid spaces
and subretinal fluid
associated with a broad
epiretinal membrane. The
epiretinal membrane has
caused distortion of the
inner retina

Fig. 13 Vitreomacular
traction resulting in
increased foveal thickness,
intraretinal cysts and
disruption of the ellipsoid
layer (top), and restoration
of normal foveal contour
along with resolution of
cystic spaces following
spontaneous release of
traction (bottom)

been helpful to confirm the relationship between a posterior vitreous detachment
and ERM and is valuable to follow ERM natural history. Partial or complete PVD
has been found in 80-95 % of eyes with idiopathic ERM [101-103].

VMT is an anomalous, posterior vitreous attachment that causes macular antero-
posterior traction in areas of residual vitreous adhesion. The adherent vitreous cortex
results in a broad, often dumbbell-shaped region, encompassing the macula and optic
nerve [104]. This traction is associated with cystoid macular thickening (Fig. 13).

The phase III trials of Microplasmin Intravitreal Injection for Non-surgical
Treatment of Focal Vitreomacular Adhesion (MIVI-TRUST) evaluated enzymatic
vitreolysis with ocriplasmin. In these trials, OCT and clinical examination was used
to assess retinal morphology; these investigations confirmed the superiority of OCT
to clinical examination [105]. The study described two subclasses of VMT: focal
(<1500 p) and broad (>1500 p) adhesion [106—108]. Koizumi et al. [107] showed
that eyes with focal VMT had a foveal cavitation, whereas eyes with broad VMT
had more widespread CME. In VMT, the posterior hyaloid usually appears hyper-
reflective and thickened on OCT. Yamada and Kishi [109] described two types of
partial PVD patterns — incomplete vitreous detachment nasally and temporally caus-
ing a V-shaped pattern with attachment only at the fovea and the second type show-
ing persistent nasal attachment and detachment temporal to the fovea. The first type
of PVD had postoperatively better visual outcomes compared with the second type.
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CME Associated with Uveitis

Hassenstein and colleagues were the first to describe the use of OCT in uveitis. This
group found that OCT was useful in detection of early CME and monitoring of
treatment efficacy, especially when vitreous cells were present [110, 111]. Specific
OCT patterns have been identified in CME associated with uveitis, similar to those
reported in DME: diffuse macular edema (characterized by increased retinal thick-
ness, disturbance of the layered retinal structure or sponge-like low reflective areas)
(Fig. 14), cystoid macular edema (characterized by clearly defined intraretinal cys-
toid spaces) (Fig. 15), and serous retinal detachment (characterized by a clean sepa-
ration of the neurosensory retina from the RPE/choriocapillaris band) (Fig. 16) [13,
111, 112]. Tannetti et al. imaged 43 eyes and found that 58 % had cystoid macular
edema, 42 % had diffuse macular edema, and 28 % of all cases had serous retinal
detachment. The relative frequency of the three different patterns in uveitis varies
depending on the patient selection criteria [111, 113, 114].

Fig. 14 Diffuse pattern of uveitic CME
associated with sarcoid. The retina has inner
and outer plexiform layer cystoid spaces,
hyperreflective foci, and subretinal fluid

Fig. 15 CME associated
with autoimmune
retinopathy with parafoveal
hyperautofluorescence on
FAF (top). There is retinal
thickening in the fovea
with intraretinal cystoid
spaces and diffuse retinal
thinning with outer retinal
loss in the surrounding
temporal area without
edema (bottom) and a
corresponding hypo
autofluorescent pattern on
FAF
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Fig. 16 Increased fundus hyperautofluorescence on FAF upon development of intraretinal cystoid
spaces and subretinal fluid (bottom) in CME associated with birdshot chorioretinopathy

OCT also detects ERM, often with concurrent vitreoretinal traction in a higher
percentage of uveitic CME eyes compared to ophthalmoscopy [112]. A tractional
mechanism has also been hypothesized as a cause of or contributor to uveitic
CME. The presence of an ERM is independent from the site of inflammation, type
of edema, and macular thickness [112].

A ringlike non-cystic thickening that surrounds the foveal center has been
seen in eyes with iridocyclitis. It has been theorized that the same pathophysio-
logical mechanism that underlies this non-cystic ringlike thickening accounts
for the CME in eyes with anterior uveitis. This thickening, lasting <6 months
after an acute episode, has been reported in 45 % of acute anterior uveitis cases
[115], and normal macular volumes are restored by 6 months after the uveitis
flare-up [116].

A negative correlation between central subfield thickness and VA has been
described in uveitic CME [111, 112, 114, 117, 118]. Microperimetry has also been
shown to correlate with central subfield thickness and VA in eyes with uveitic CME
[119]. Cystoid changes in OPL and INL and the presence of ERM were associated
with poor VA. OCT has also been used to monitor the therapeutic response in uve-
itic CME [120-122]. Lehpamer et al. [123] demonstrated that SRF in uveitic CME
was associated with increased central subfield thickness and worse VA at presenta-
tion. However, eyes with SRF responded well to treatment at 3 and 6 months,
achieving greater rates of improvement than eyes without SRF and recovered to a
similar level of final VA. An initial increase in SRF may occur during the process of
macular edema absorption [124].
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Markomichelakis et al. evaluated the prognostic significance of OCT patterns of
macular edema. These coworkers found that eyes with a diffuse pattern of macular
edema often have good visual acuity and do not need to be aggressively treated.
This undertreatment, however, makes them prone to an increase in macular thick-
ness and decreased VA during an inflammatory relapse [124]. They also found the
presence of an ERM to be a poor prognostic factor in uveitic CME and associated
with medical treatment failure [124]. IRF in uveitic CME may be dynamic; retinal
thickness changes can be seen seconds after a change in patient position [125].
CME also has a diurnal variation with the main decrease in retinal thickness occur-
ring before noon [125].

CME seen by OCT in patients with juvenile idiopathic arthritis (JIA)-associated
uveitis has been reported in 84 % of eyes [126], a figure higher than that observed in
previous ophthalmoscopy-based reports [127, 128]. JIA-associated uveitic OCT
changes include perifoveal thickening, CME, foveal detachment, and atrophic
changes. Duration of JIA-uveitis correlated with the development of CME [128].

Central subfield thickness is an important endpoint for various clinical trials and
is an important parameter in the clinical management of uveitic CME. The
Multicenter Uveitis Steroid Treatment (MUST) trial [129] evaluated a clinically
meaningful OCT-determined thickness threshold in eyes with uveitic CME. A 20 %
change in retinal thickness in eyes with uveitic CME (defined as retinal thickness at
the central subfield >260 pm) was optimal to predict more than a 10-letter change in
VA, with 77 % sensitivity and 75 % specificity. This threshold is important for uve-
itis trials wherein uveitic CME improvement is monitored through changes in cen-
tral subfield thickness and associated with clinically meaningful VA changes. The
MUST trial also showed that OCT and FA only agreed moderately to identify uveitic
CME in eyes with intermediate, posterior, and panuveitis, probably because macular
thickening on OCT (time domain) and macular leakage are related but nonidentical
pathologic characteristics [130]. Fluorescein leakage indicates pathological leakage
from blood vessels, which is often but not always associated with macular thicken-
ing. Reasons for lack of thickening when there is fluorescein vascular leakage
include the following non-mutually exclusive mechanisms: severely damaged atro-
phic maculae, with superimposed ongoing inflammatory leakage, a macula with
very recent leakage that has preceded retinal thickening, macular distortion second-
ary to ERM without associated thickening, or a steady state whereby macular leak-
age is balanced by physiologic fluid egress from the macular retina [130]. The
MUST trial also showed that the presence of macular cysts on OCT was associated
with increased retinal thickness by OCT, hyperfluorescent cystoid spaces on FA, and
macular leakage on FA [130]. Small cysts and ERMs involving the center were com-
mon in intermediate and posterior/panuveitis and required systemic corticosteroid
therapy [131]. The MUST reading center methodology defined ERM as a hyperre-
flective layer with a bridging effect over the inner retinal layers, thus potentially
excluding broadly adherent ERMs if their reflectivity merged with the nerve fiber
layer. Corrugation of inner retinal layers was also considered insufficient to identify
an ERM [131]. These results suggest that in uveitic CME, FA and OCT offer related
yet unique clinically important information on macular pathologic features.
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Similar to DME, the relationship between VA and CME in uveitis is imperfect.
Payne et al. [132] determined the utility of logarithmic transformation of OCT reti-
nal thickness data to assess clinically meaningful changes in uveitic CME. Log
scale OCT thickness correlated with logMAR visual acuity suggesting its use as an
objective measure in uveitic CME [132]. These researchers also showed that in
uveitic CME, the volume between the plexiform layers was the best indicator of
visual function at baseline [38]. Brar et al. reviewed FA and OCT images of 87
patients with CME due to diabetes, ERM, uveitis, pseudophakia and vein occlusion.
They concluded that while cystoid leakage on FA was always associated with cystic
OCT changes, diffuse non-cystoid leakage on FA was associated with thickening
and distortion of the retinal layers without cyst formation [133]. Diffuse uveitic
CME has been associated with a poor visual prognosis and a poor prognosis for
vision recovery [124]. SRF, however, is associated with a high probability of vision
recovery in uveitic CME [134]. This is in contrast to SRF in DME that is associated
with a poor prognosis for visual recovery [32].

FA is useful in differentiating active from inactive uveitis and also to confirm
a CME diagnosis, choroidal neovascularization, and subtle retinal vasculitis, to
monitor response to therapy, and to identify areas of capillary non-perfusion and
retinal neovascularization. The small molecules of free, unbound fluorescein dye
leak out even from minimally inflamed retinal vessels [135]. The characteristic
appearance in eyes with uveitic CME is a “petaloid” pattern of parafoveal hyper-
fluorescence [135]. CME has been angiographically graded as [136] Grade 0, no
sign of fluorescein leakage; Grade I, slight fluorescein leakage into cystic spaces
but not enough to enclose the entire fovea centralis; Grade II, complete circular
accumulation of the fluorescein in the cystic space but its diameter is smaller
than 2 mm; and Grade III, the circular accumulation of fluorescein is larger than
2.0 mm in diameter.

There have been attempts to describe OCT anatomical characteristics that can
identify CME of different etiologies. Microfoci, thought to be caused by lipid-rich
and lipoprotein-rich deposits or lipid-laden macrophages [16], were found to be one
such differentiating characteristic on OCT [137]. These foci are characteristic for
DME and RVO, although they differ in location and presentation according to the
underlying disease [16, 138]. Munk et al. reported that microfoci were found in
100 % of CME eyes with CRVO, in 98 % of the eyes with DME, and in 65 % of eyes
with BRVO, but in no eye with pseudophakic CME or uveitic CME [137]. IRF
accumulation occurs in CME irrespective of the disease entities and differences in
morphologic and spatial presentation, although previous histologic reports indicate
that IRF may vary according to its underlying pathology [26, 139, 140].

Posterior uveitis is accompanied by choroidal thickening especially in an acute
phase [141, 142]. With this technique, macular choroidal changes in eyes with ante-
rior and intermediate uveitis are less marked compared to posterior uveitis and pan-
uveitis [143].

CME is related to the use of drugs like prostaglandin analogues, epinephrine and
epinephrine-like drugs, nicotinic acid, pioglitazone, rosiglitazone, docetaxel, and
paclitaxel presumably by inducing an inflammatory reaction that causes breakdown
of the blood retinal barrier and can also be monitored using OCT [144—149].
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Role of Fundus Autofluorescence Imaging in CME

Fundus autofluorescence (FAF) is determined by the lipofuscin distribution in the
RPE and is also influenced by macular pigments in the INL, ONL, and OPL [150,
151]. RPE autofluorescence depends on outer segment renewal and can be affected
by the RPE’s ability to clear lipofuscin. Lipofuscin accumulation leads to reduced
RPE phagocytic capacity which in turn can lead to RPE cell death and photorecep-
tor loss. Increased FAF is seen with RPE dysfunction and decreased FAF with loss
of photoreceptors or the RPE [152].

CME is associated with increased FAF, thought to be due to macular neurosen-
sory retinal tissue stretching that displaces macular pigments laterally thereby
reducing the density of macular pigments, which increases the autofluorescence
signal (Fig. 10) [153-155]. In eyes with CME, there have been attempts to correlate
FAF with OCT parameters and VA and to predict restoration of photoreceptor integ-
rity and subsequent visual recovery [156].

In DME, increased FAF is caused by the accumulation of oxidative products
induced by activated microglia resulting in lipofuscin accumulation [157]. It has
also been suggested that increased FAF in DME is not abnormal FAF. Rather, RPE
autofluorescence is observed through a defect in the xanthophyll pigment [155]. At
the foveola, blue-light FAF is very weak or almost absent in normal eyes because
lutein and zeaxanthin are especially dense in the axons of the cone photoreceptors
(Henle’s fiber) at the foveola and absorb the incident blue light. Increased foveolar
FAF in DME has been shown to be associated with low ONL thickness, larger ellip-
soid layer defect, and poor vision [156].

Hyper-FAF has been associated with functional and structural macular impairment
in DME; [156] FAF decreases with DME resolution [157]. VA in eyes with DME and
increased FAF is worse than that in eyes without increased FAF [155]. However FAF
correlates better with OCT patterns and central field microperimetry than with VA
[157]. FAF changes are not uniform in all patients with DME. Chung el al. reported that
not all patients with a significant DME had comparable levels of increased FAF, nor did
all patients with improved DME exhibit a significant decrease in FAF [156]. Functional
improvement after DME treatment can be quantified on FAF and correlated with OCT
morphology, thereby demonstrating a role for FAF as a prognostic factor in DME.

Increased foveolar and perifoveolar petaloid FAF has been shown in uveitic
CME (Fig. 15) [158, 159]. In some studies, however, the detection of pathologic
FAF in patients with angiographically proven CME was only achieved in half the
eyes, a limitation of FAF as compared to OCT [158]. Roesel et al. [158] focused on
the correlation of FAF and OCT with visual acuity in eyes with uveitic CME. This
group observed increased FAF and proposed that it arose from proteins such as reti-
noids in the extracellular fluid. Increased central FAF, the presence of cystoid
changes, a disrupted ellipsoid layer, and ERM were associated with poor visual
acuity. The FAF pattern found in uveitic CME may also reflect size, number, or fluo-
rophore content of damaged RPE cells. Increased FAF has not been shown to be
prominent in the diffuse type of uveitic CME [152]. There have also been attempts
to classify abnormal FAF in CME with three main patterns described: cystoid hyper-
FAF, single or multiple spot hyper-FAF, and irregular hypo-FAF [160].
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En Face C-Scan Imaging in CME

En face imaging or C-scan OCT produces frontal sections of the retinal layers and
can be used to highlight specific aspects of CME. Creating an en face section at the
ILM will show ERM and macular surface alterations. A scan about 40 pm deeper
will show INL cystoid cells and an even deeper scan will show ONL cystoid cells
[161]. En face OCT scans 40 pm beneath and parallel to the ILM show petal-shaped
central and peripheral cavities. Deeper en face scans in the ONL show ovoid polyg-
onal flower-shaped cystoid cells converging toward the fovea. In cases with advanced
CME, the cells merge vertically first, and cells in the INL grow toward the ONL
forming large vertically ovoid cavities. In CME a reduced intensity in the inner and
outer segment en face image in areas with increased retinal thickness has been
shown [162]. En face OCT cannot, however, determine the exact extent of CME
because of the different layer location of the cysts [163, 164].

Further Advances in Imaging CME

Several technologies are currently under development that could help visualize
CME better. Already integrated in some platforms, Doppler OCT can measure
blood flow in the retinal and choroidal vessels [165]. Swept-source OCT can achieve
ultrahigh axial resolution by sweeping a narrow bandwidth light source through a
broad optical range [166].

High-penetration posterior OCT (HP OCT) systems, which use a longer wave-
length than standard penetration OCT (1060 vs. 830 nm), have higher choroidal
penetration [167] allowing for better assessment of choroidal changes in CME.

Adaptive optics (AO) scanning laser ophthalmoscopy has been used to document
microcystic macular edema from en face images in patients with autosomal-dominant
optic atrophy [168]. On AO, after BRVO-associated CME resolution, there is
decreased parafoveal cone density and disruption of the cone mosaic spatial arrange-
ment [169]. Swelling of Miiller cells due to disturbed fluid transport has been described
in eyes with macular edema [170-172]. Ultrahigh resolution OCT has been combined
with AO to increase image resolution and to demonstrate morphological changes of
Miiller cells, which could unveil new information on the pathogenesis of CME.

Other emerging technologies include optical coherence microangiography [173],
phase variance imaging [174], and power or variance Doppler techniques [175] for
noninvasive capillary level detection of the retinal vasculature. However the ability
to acquire en face images of distinct capillary beds with current FA and OCT tech-
nology is limited. Prototype speckle variance OCT has been used for noninvasive
real-time imaging the human retinal vasculature. This is complementary to FA and
may provide superior capillary detail [176]. This method has the potential to nonin-
vasively identify important pathological manifestations of CME [177]. Scattering
OCT has the potential to visualize the choroidal vasculature of the macula and the
optic nerve head without intravenous dye injection [166, 178].
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Retromode scanning laser ophthalmoscopy (SLO) has been used to visualize
cystoid spaces in DME without the appearance of a shadow to the silhouetted cys-
toid space due to light scattering [179, 180]. Retromode SLO showed good agree-
ment with OCT, FA, and FAF in identifying both honeycomb and petaloid patterns
of DME [179]. Cysts of different dimensions were comparable to FA and the extent
of DME correlated with retinal sensitivity [179, 181].

The application of OCT to image CME in the pediatric retina is also promising.
CME in very preterm infants usually manifests as cystoid structures in the INL and
rarely involves the other retinal layers [182]. CME in very preterm infants screened
for retinopathy of prematurity is a developmental biomarker associated with
decreased language and motor skills at 18—24 months corrected age [183].

Conclusion

OCT, fluorescein angiography, and fundus autofluorescence have been demon-
strated to be effective modalities to evaluate CME. While OCT allows evaluation of
the location, extension, pattern, and microstructural anatomical features, FA allows
identification of areas of leakage, thus providing complimentary yet distinct infor-
mation for diagnosis of CME and monitoring its response to treatment. Future
advances in imaging technology with higher acquisition speed and hardware motion
tracking along with improved automated image segmentation analysis protocols
will allow us to better characterize CME. Development of novel anatomical bio-
markers can offer prognostic implications and monitor response to treatment. Newer
imaging technologies including noninvasive OCT angiography hold promise to help
better elucidate the pathology of CME.
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Chapter 4
Medical Management of CME Associated
with Uveitis

Sarah M. Escott and Debra A. Goldstein

Introduction

Cystoid macular edema (CME) develops following disruption to the blood-retinal
barrier (BRB) and is the most common cause of vision loss in patients with uveitis
[1]. Intraocular inflammation causes cellular damage resulting in activation of the
arachidonic acid cascade and release of prostaglandins (PGE), nitric oxide (NO),
interleukin 6 (IL-6), and vascular endothelial growth factor (VEGF) [2, 3]. These
inflammatory mediators have been identified in the aqueous humor of patients with
active uveitis leading to a pathologic hyperpermeability of the retinal vessel walls
and causing damage to the RPE, resulting in fluid and protein extravasation into the
retinal interstitium [4, 5]. Smoking and coexistent vascular disease also play a role
in the pathogenesis of inflammatory macular edema [4, 6, 7].

The overall reported prevalence of visual impairment associated with uveitic
CME is 33-42 % and is influenced by the location, severity, and duration of retinal
edema [1, 8, 9]. Uveitic macular edema does not correlate with degree of active
inflammation and may be diagnosed in up to 29 % of patients despite an overall
inactivity of their uveitis [10]. Vision loss resulting from CME is more commonly
reported in cases of intermediate and panuveitis as compared to anterior uveitis [8].
Poor visual prognostic indicators include advanced age, prolonged duration of uve-
itis, prolonged presence of edema, enlarged foveal avascular zone, and incomplete
vitreous detachment [11]. Visual improvement occurs more often when CME has
been present for <12 months compared to longer than 24 months [12, 13]. Chronic
edema can lead to permanent photoreceptor damage, retinal atrophy, and fibrosis,
such that normal vision may not return even with resolution of edema [14]. Further,
restoring normal retinal architecture, even without restoration of normal vision, has
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a better prognosis for maintaining visual acuity [8]. For these reasons, the presence
of any amount of CME warrants treatment.

Medical treatment options include nonsteroidal anti-inflammatory medications
(NSAIDs), corticosteroids, anti-VEGF agents, and systemic immunomodulatory
therapies. Steroids can be given topically, orally, via periocular or intravitreal injec-
tion, and by administration of depot preparations. The use of carbonic anhydrase
inhibitors and octreotide has been suggested, but are not routinely used to treat
uveitic ME [15, 16].

Nonsteroidal Anti-inflammatory Medications

Topical NSAIDs block cyclooxygenase enzymes and inhibit prostaglandin synthe-
sis thereby reducing inflammation, and have been shown to be effective at reestab-
lishing the blood-aqueous barrier [17]. While the use of topical nonsteroidal
anti-inflammatory medications has been proven efficacious for pseudophakic macu-
lar edema following cataract extraction, its use in uveitic ME has been disappoint-
ing [18]. Although not available in the USA, 3 months of topical 0.5 % indomethacin
(INDOM) was shown to statistically improve acute inflammatory ME related to
uveitis as compared to placebo in a randomized prospective trial [19].

Corticosteroids

Corticosteroids possess anti-inflammatory and antiangiogenic properties due to
their ability to suppress the production of inflammatory mediators (IL-6, PGE,
VEGF) in a dose-dependent manner making them a good therapeutic option; they
have been the mainstay of treatment for decades. More importantly, they have been
shown to stabilize the endothelial and RPE tight junctions [20]. During the acute
phase of inflammation, corticosteroids are highly effective due to their quick onset
of action; however, side effects limit their long-term use [21].

Topical Corticosteroids

Most topical treatments are inadequate for posterior segment disease due to phar-
macokinetic limitations [22]. Recently, however, data suggest that topical diflupred-
nate 0.05 % (Durezol; Alcon Laboratories) may have superior intraocular penetration
as compared to other topical steroids. In addition, it does not contain the preserva-
tive benzalkonium chloride, an agent known to cause immunoallergic reactions,
disrupt tear film stability, and cause toxic effects to the corneal epithelium [23]. Its
high potency and limited systemic absorption make it an attractive therapeutic
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option [24]. It has been FDA approved for the treatment of postoperative inflamma-
tion and pain as well as anterior uveitis [25, 26].

Slabaugh et al. demonstrated a dramatic improvement in uveitic CME with dif-
luprednate as both monotherapy and an adjuvant to immunomodulatory therapy in
children with uveitis and macular edema; however, its benefit must be weighed
against the heightened risk of cataract development (38 %) and clinically significant
intraocular pressure elevation in this age group [27, 28]. Peak intraocular pressures
of more than 30 mmHg were demonstrated to occur in 20 % of all eyes treated with
difluprednate in one study, with 80 % of children experiencing a rise of more than
15 mmHg [28]. These studies emphasize the unpredictable, rapid, and dramatic IOP
response to difluprednate in patients with uveitis and the need for close monitoring
of IOP at every visit, especially in children. There are currently no randomized
controlled trials comparing the efficacy of topical difluprednate to other steroid
therapies for the treatment of uveitic CME.

Systemic Corticosteroids

Oral corticosteroids are indicated for the treatment of vision-threatening uveitis.
Oral prednisone is most often used, starting at a dosage of 0.75-2 mg/kg/day until
inflammation responds, and then tapered gradually [29]. High doses of systemic
corticosteroids can achieve rapid anatomical recovery of CME; however, their long-
term use is not recommended due to serious potential side effects including peptic
ulceration, Cushing syndrome, adrenal suppression, aseptic necrosis of the hip, sys-
temic hypertension, and hyperglycemia [21, 30]. The Standardization of Uveitis
Nomenclature (SUN) Working group has recommended consideration of alternate
therapy if intraocular inflammation cannot be controlled with less than 7.5-10 mg
per day of oral prednisone, or its equivalent, by 3 months [31].

Periocular Corticosteroids

Periocular injection of corticosteroids has the ability to deliver a high concentration
of drug within close proximity to the macula, making it an effective treatment for
uveitic CME [32]. These injections are a useful adjunct to systemic treatment for
uveitis when persistent or refractory macular edema is present; however, the effects
can be temporary and serial injections are often necessary [33, 34]. Posterior sub-
tenon (PSTK) or orbital floor injections of 40 mg of triamcinolone acetonide are the
most commonly used methods of administration [34-36]. The effect on active
inflammation has been observed to occur within days, and improvement in CME
occurs within weeks to months [35, 36]. Resolution of macular edema occurs in
approximately 50 % of patients 1-3 months following a single periocular injection,
and the effect can last between 3 and 7 months [33-35]. In patients whose edema
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does not respond to one injection, resolution of edema has been demonstrated in
50-78 % of patients following serial injections, suggesting that there is added ben-
efit with repeated treatments [33, 34].

Periocular triamcinolone injections have also been proven effective at control-
ling inflammation and reducing uveitic CME in children. In one combined prospec-
tive study, all eyes experienced improvement in anterior chamber inflammation
following a single injection; however, relapse occurred after a mean of 4 months in
50 % of eyes. Of those eyes with uveitic CME at the time of treatment, resolution of
the edema was observed in 55 % of eyes [37].

Common complications from periocular injections include ptosis, elevated IOP,
and cataract progression. Elevation of IOP >24 mmHg is reported to occur in
22-34 % of eyes following periocular steroid injection, with a progression to requir-
ing glaucoma surgery in 0.9-2.4 % within a year. The incidence of cataract progres-
sion is between fifteen and twenty percent [38, 39]. In children, visually significant
cataract developed in 21 % of eyes at 5 months in one series, and was more common
in eyes with mild posterior subcapsular opacities at the time of injection [37]. Rare
but potentially devastating complications of periocular injections include globe per-
foration, optic nerve injuries, retinal detachment, and vascular occlusion [34, 40].

Intravitreal Corticosteroids

Intravitreal corticosteroids have been used to treat various types of macular
edema. Because other corticosteroids disappear in the vitreal cavity within a few
days, triamcinolone acetonide (TA), which is largely water insoluble, is most
commonly administered [41]. One study demonstrated the elimination half-life fol-
lowing a single injection of triamcinolone (4 mg/0.1 ml) to be approximately 18.7
(+/- 5) days for nonvitrecomized eyes and 2.3 days for one vitrecomized eye [41].

Intravitreal TA leads to a better response in resolving inflammatory macular
edema when compared to periocular administration; however, the benefits are also
transient, and they carry similar rates of posterior subcapsular cataract and IOP
elevation, with the added risk of endophthalmitis [42]. Studies suggest improve-
ment in macular edema can be detected as early as 1 week, with a peak response in
4-6 weeks and duration of effect between 6 weeks and 6 months. Many patients
require more than one injection, and similar improvements in visual acuity and
inflammatory edema may be achieved with repeat injections [43—45]. The greatest
improvement in visual acuity was achieved in patients less than 60 years of age and
in eyes with CME present for less than 12 months duration in one series. CME pres-
ent for longer than 24 months was associated with the least improvement in visual
acuity, even with improvement in macular thickness on OCT [13].

Elevation of intraocular pressure >10 mmHg has been reported in 25-34 % of
eyes at a mean duration of 4-5 weeks following intravitreal triamcinolone injection.
Antiglaucoma treatment was necessary in nearly 50% of eyes in two large case
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series with no eyes requiring filtration surgery [13, 45]. Kok et al. observed a more
profound IOP effect in eyes of patients younger than 40 years [13].

Cataract development has been observed in 15-30 % of patients receiving intra-
vitreal triamcinolone injections; the risk increases following repeated injections
[45]. In addition to elevated IOP and cataract, intravitreal triamcinolone carries a
0.05-0.1 % risk of endophthalmitis [46, 47].

Intravitreal Corticosteroid Depot Preparations

Implantable long-acting corticosteroid therapies allow for delivery of a higher con-
centration of medication to the posterior segment over a sustained period while
avoiding systemic side effects. These are beneficial options for treating patients with
moderate to severe disease and for whom systemic immunosuppression medications
are contraindicated, intolerable, or not able to completely control inflammation.

Ozurdex

Dexamethasone is five times more potent than triamcinolone acetonide and more
hydrophilic, allowing for higher vitreous concentrations; however, the clinical util-
ity of single intravitreal injection is limited due to its short half-life of only 3 h [48].

The biodegradable dexamethasone intravitreal implant (Ozurdex, Allergan) is
designed to deliver 700 pg of preservative-free dexamethasone in a sustained-
release manner over 3—6 months. The implant is made of a solid polymer which
enables dual-phase pharmacokinetics, initially releasing a burst of dexamethasone
to rapidly achieve a therapeutic concentration, followed by a slower sustained
release [49]. The implant is administered as an office-based intravitreal injection
using a 22-gauge injecting applicator through the pars plana under a sterile biplanar
technique [49] (Fig. 1). The biodegradable design allows repeat implantation to be
performed without need for surgical removal [9].

Ozudex was approved by the US FDA in 2010 as first-line therapy in the treat-
ment of macular edema associated with noninfectious intermediate and posterior
uveitis [50]. Drug diffusion and clearance from the vitreous cavity is more rapid in
vitrectomized eyes; studies show the effect at 3 months is only maintained in a third
of vitrectomized eyes which had improvement in CME at 1 month. Due to risk of
migration into the anterior chamber and subsequent corneal decompensation, the
implant should not be used in aphakic vitrectomized eyes [51].

A randomized clinical trial demonstrated excellent results in the reduction of
vitreous haze for patients with noninfectious intermediate uveitis; however, the
mean improvement in macular edema dissipated before 26 weeks, suggesting the
need for reinjection to treat CME [52]. Other reports suggest the implant is effective
at treating refractory uveitic ME refractory for a period of 3—4 months with most
patients requiring repeat implants within 6 months for recurrent CME [51, 53].
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Fig. 1 Ozurdex implant imaged in the
vitreous immediately following injection
in a patient with multifocal choroiditis

Multiple implants were required in 63 % of eyes in one retrospective observa-
tional study of patients with active noninfectious uveitis, 91 % of which had CME,
over a 17-month period [54]. The response to repeat Ozurdex implantation mirrors
that seen after a single injection; improvement in visual acuity and macular edema
is observed after 1 month. The effects of repeated injections have shown to be
cumulative, with long-term improvement in best-corrected visual acuity and stabili-
zation of central retinal thickness over 24 months [54].

Although studies suggest no statistically significant increase in the rate of cata-
ract formation between treatment and sham patients following one dexamethasone
implant [52], one study did report development of posterior subcapsular opacity
following a third injection [54]. Lowder et al. described <5% incidence of
IOP>30 mg Hg following a single Ozurdex implantation, with no eyes requiring
surgical intervention [52]. However, there is some evidence that, in clinical practice,
IOP elevation secondary to the dexamethasone implant may be greater than that
reported in the registration trials [55, 56].

Retisert

In 2005, the FDA approved a nonbiodegradable intraocular sustained-release
implant containing fluocinolone acetonide (Retisert, Bausch and Lomb) for use in
the treatment of noninfectious intermediate, posterior, and panuveitis [57] (Fig. 2).
The implant is designed to deliver 590 pg of fluocinolone acetonide over a 2-3-year
period with minimal systemic absorption [58, 59]. The device is surgically anchored
to the pars plana in the operating room under sterile conditions and can be moni-
tored in the office through the dilated pupil (Fig. 3).

A large multicenter trial has demonstrated a reduction in uveitis recurrences from
51 to 6 % over 34 weeks with improvement in visual acuity [60]. Further, the propor-
tion of eyes with a reduction in CME was greater for implanted eyes (86 %) compared
to nonimplanted eyes (28 %) at 1 year, and this effect was maintained at 3 years [58].
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Fig. 2 Retisert pellet and
strut before implantation.
This is the currently
available implant

Fig. 3 Retisert imaged in
position. Note the ability to
see the pellet properly
positioned on the strut.
This is the model of
implant that is no longer
available, because of issues
with pellet strut separation

In another report, 92 % of patients using systemic medications to control intra-
ocular inflammation were able to reduce their dose following implantation, and all
eyes with preoperative CME had statistically significant reduced retinal thickness at
6 and 12 months [61]. In a randomized controlled parallel superiority study compar-
ing the fluocinolone implant with systemic therapy, 46 % of the patients in the
implant group with macular edema experienced resolution of CME compared to
only 23 % of systemically treated patients [62].

Data from three large registration trials revealed that, over a 3-year treatment
period, 74.8 % of eyes receiving a fluocinolone acetonide implant required intraocu-
lar pressure lowering therapy. Approximately 50 % of eyes experienced an IOP
>30 mmHg, commonly occurring within the first year following implantation.
Surgical intervention was required in one-third of patients based on uncontrolled



66 S.M. Escott and D.A. Goldstein

IOP, visual field, or disk changes [60, 63, 64]. Baseline visual field testing and optic
nerve imaging are therefore recommended for patients undergoing fluocinolone
implant surgery [63]. The fluocinolone acetonide implant carries a nearly 100 %
incidence of cataract progression [60, 64]. Studies have demonstrated the feasibility
and success of combined cataract extraction with IOL insertion at the time of fluo-
cinolone acetonide implantation [61].

Additional risks of implant surgery include vitreous hemorrhage, hyphema, reti-
nal detachment, and endophthalmitis [61]. Spontaneous separation of the medica-
tion pellet from its attachment is a rare but potential complication that may require
surgery [65—67]. Complications such as retinal commotio, retinal tear, and endothe-
lial failure due to dislocation of the pellet into the anterior chamber have also been
reported [66, 67].

Anti-vascular Endothelial Growth Factor Medications

Vascular endothelial growth factor (VEGF) has been found in the aqueous humor of
patients with uveitis and plays a role in the loss of vascular integrity which ultimately
causes CME [4, 68, 69]. VEGF expression is induced by inflammatory mediators and
cytokines which are produced and abundantly present in the eyes of patients with
uveitis [4, 68]. Further, VEGF concentrations have been shown to be higher in patients
who had CME associated with uveitis as compared to those without CME [69].

The use of intravitreal anti-VEGF therapies bevacizumab and ranibizumab has
recently been described as off-label treatment for inflammatory CME; however,
their effects in this setting are not well established and results have been inconsis-
tent [12, 70-76]. Numerous studies have observed statistically significant decrease
in central retina thickness on optical coherence tomography [71-74], while others
report limited to no change [75, 76]. One reason for this may be that anti-VEGF
agents have not been shown to display anti-inflammatory properties, and therefore,
studies which included patients with active uveitis at the time of treatment may have
underestimated their effect on CME [75, 76].

Mackensen et al. showed statistically significant reduction in macular thickness
beginning as early as 2 weeks following a single bevacizumab injection for patients
with controlled uveitis but breakthrough CME refractory to steroid therapies. These
effects, however, were sustained for only 6-8 weeks, and repeat injections were
required [73]. Lott et al. observed a 40 % worsening of vision and no improvement
in central retinal thickness for eyes treated with intravitreal bevacizumab only; how-
ever, most of the patients in this series had active uveitis at the time of treatment [75].

Acharya et al. demonstrated a positive effect of monthly ranibizumab injection
in eyes with controlled uveitis and persistent CME in a small prospective, noncom-
parative, interventional case series [71]. Improvement in macular edema occurred
as early as 1 week and was maintained at 3 months in all eyes. Approximately 60 %
of eyes required repeat injection, and these results were preserved 3 months after
cessation of treatment [71].
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The ideal dosing and sequence for intravitreal anti-VEGF agents in the treatment
of inflammatory CME has yet to be determined; however, their length of effect is
shorter than for periocular or intravitreal steroid therapies [77]. These agents are
much less likely to cause glaucoma or cataract progression compared to steroid
therapies; however, serial injections (every 5 weeks) in patients with macular degen-
eration were shown to lead to sustained elevation of IOP in 3.5-4.5 % of patients
following a mean of 20 injections [78]. Mild anterior uveitis has been reported as an
adverse side effect following 0.14-1.57 % of bevacizumab injections and 1.38 %
with ranibizumab [79, 80].

Intravitreal Methotrexate

Methotrexate (MTX) is a folate antagonist designed to competitively inhibit dihy-
drofolate reductase which is required for cellular proliferation [81]. It has long been
used as a systemic immunomodulatory therapy. MTX has been increasingly used to
treat various ophthalmic conditions both locally and systemically.

The off-label use of intravitreal methotrexate to treat uveitic cystoid macular
edema was examined in a few small studies [8§2—84]. In one prospective case series,
patients with unilateral active, noninfectious uveitis or inflammatory CME were
given intravitreal injections of MTX (400 pg/0.1 ml). A rapid reduction in inflamma-
tion and macular thickness was observed within 1 week. Visual acuity improvement
of at least two Snellen lines was achieved in 87 % of patients at 3 months. While the
inflammation tended to relapse after 4 months, the reduction in macular thickness
was maintained at 6 months in all patients where OCT was able to be performed [82].

Other reports have described promising results of intravitreal methotrexate on
the control of uveitis with or without CME [84, 85]. One study describes its use for
the treatment of refractory unilateral retinal vasculitis due to Behcget disease in
patients intolerant of corticosteroids or in whom they were contraindicated [84].
Study eyes underwent monthly intravitreal injections of MTX until remission of
intraocular inflammation and/or stable visual acuity was achieved. Increase in visual
acuity by three or more Snellen lines was observed in 85 % of study eyes following
an average of four injections. Intravitreal MTX therapy resulted in a decrease in
aqueous humor levels of IL-6 and IL-8 in treatment eyes [84]. IL-6 has been associ-
ated with breakdown of the blood-retinal barrier in uveitic disease, while IL-8 is a
mediator of the innate immune response and is thought to play a role in altered
vascular permeability [86, 87]. Significant reduction in the levels of these cytokines
was associated with clinical improvement in 87 % of eyes [84].

A larger, multicenter, international retrospective case series evaluated eyes with
active uveitis or uveitic CME treated with intravitreal MTX. Following one injection,
79 % of eyes entered a period of remission averaging 17 months. Of those who relapsed
after one injection, 87 % entered a period of extended remission following a second
injection. There was an overall average reduction in macular thickness maintained
over arange of 10-30 months. Half of the patients receiving oral corticosteroids at the
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time of TX injection were able to successfully reduce steroid doses following intra-
vitreal MTX [85].

Based on limited available data, intravitreal MTX may be a reasonable and effec-
tive option for patients with active unilateral uveitis and/or inflammatory CME who
are known steroid responders or those in whom an elevation of IOP could be imme-
diately detrimental.

Subcutaneous Interferon Alpha

Interferon alpha (IFN) is a cytokine belonging to the subgroup of type I interferons
that exert strong antiviral, antiproliferative, and various immunomodulatory effects
[88]. The interferons influence both innate and adaptive immune responses and have
been successful at treating Behget disease and multiple sclerosis [89]. They are
approved for the treatment of viral hepatitis and myeloproliferative syndromes. In
recent years, systemic interferon alpha has been reported to be very successful in the
treatment of Behget disease and other cases of refractory uveitis [90, 91].

Dueter et al. reported resolution of chronic macular edema in a small series of
patients treated with systemic interferon-a. All patients had otherwise inactive uve-
itis with CME that had been persistent for an average of 36 months and had failed
to respond to corticosteroids. All patients were treated with an initial dose of three
to six million IU subcutaneously based on body weight which was tapered in a
stepwise fashion. Stable complete remission of CME was achieved in more than
half of patients [92].

Common side effects of interferons are dose dependent and include flu-like ill-
ness, nausea, fatigue, diarrhea, rash, anemia, elevated liver transaminases, leucope-
nia, alopecia, dermatitis, and mild depression [93]. Some patients will develop
neutralizing antibodies which render them unresponsive to this treatment. Interferon
therapy, like all other systemic therapies except the recently approved TNF inhibi-
tor, adalimumab, has not been US FDA approved for the treatment of uveitis.

Antitumor Necrosis Factor Alpha Medications

Tumor necrosis factor alpha (TNF «), one of the proinflammatory cytokines found
to occur at high levels in eyes with uveitis, activates T cells and macrophages,
thereby increasing the expression of endothelial adhesion molecules and other pro-
inflammatory cytokines [94, 95]. Inhibition of TNF « provides an attractive oppor-
tunity for more targeted anti-inflammatory therapy.

Murphy et al. were the first to demonstrate efficacy of TNF inhibition in the treat-
ment of refractory noninfectious posterior uveitis [96]. Several case series have
reported resolution of coexisting CME following TNF-alpha treatment for noninfec-
tious uveitis; however, their use must be weighed against the risk of possible side
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effects [97-101]. TNF inhibitors are increasingly used for the therapy of posterior
uveitis and retinal vasculitis, and more data will likely be available regarding their
effects on uveitic macular edema. As well, other biologic therapies are being used in
the treatment of uveitis, and data on their efficacy is gradually becoming available.
Adalimumab received US FDA approval for the treatment of adults with noninfec-
tious intermediate, posterior, or panuveitis in June, 2016, making it the first FDA-
approved non-corticosteroid therapy for uveitis. Data regarding its effects on CME
in patients in the registration trials is not yet available.

Choosing the Right Treatment

The decision regarding how to approach the treatment of inflammatory CME should
include a careful assessment of individual clinical factors. The first priority must
always be to quiet the inflammation, followed by restoration of normal structural
integrity. Therapy differs depending upon laterality, severity, coexisting conditions
such as cataract and glaucoma, history of steroid response, systemic comorbidities,
and patient age. Local therapy may be more appropriate for unilateral disease, while
systemic medications are often favored for bilateral conditions. Pseudophakic
patients with mild disease and normal intraocular pressure may be treated with topi-
cal or periocular steroids; phakic patients should be counseled on their risk of cata-
ract progression. Refractory cases or those who develop a steroid response should
be considered for alternate therapy. For patients with moderate to severe disease
who would like to avoid systemic immunosuppression or in whom such therapy is
contraindicated, steroid implants may be the preferred option. For patients on sys-
temic therapy in whom intraocular inflammation is active at the time of CME diag-
nosis, adjustments to dosing or frequency of immunomodulatory therapy may be all
that is required. In some patients, systemic therapy may need to be initiated.

Care must be taken when treating children with steroid therapy. The risks of
developing cataract and glaucoma with topical or local steroid therapy may be
higher in children, and the significance of these diagnoses also carries more weight
in children. Intraocular pressure and optic disk health must always be monitored in
children with uveitis, especially those treated with steroid therapy. Alternative treat-
ment measures should be sought if signs of glaucoma are observed.

Finally, the clinician should also be alert to the presence of structural abnormali-
ties such as vitreomacular traction, epiretinal membrane, and gliosis of the internal
limiting membrane (ILM) which can contribute to chronic macular edema that is
refractory to medical therapies and which may require surgery.

Our expanding knowledge regarding the pathophysiology of uveitis and the
advent of enhanced imaging modalities have improved our ability to diagnose and
develop novel therapeutic approaches to manage inflammatory CME. Despite this,
the treatment continues to be challenging. There is no single preferred approach,
and therapy should be tailored to the individual. Early and aggressive treatment is
recommended to give the best potential for visual recovery.
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Chapter 5
Medical Management of CME Associated
with Diabetes

Reid Turner and Lucian V. Del Priore

Introduction

The World Health Organization reported in 2010 that the world prevalence of diabe-
tes among adults aged 20—79 was 6.5 %, affecting over 285 million people [1]. This
number is predicted to rise to over 400 million adults in the year 2030 as average life
expectancy increases and the obesity epidemic grows in developed nations. Diabetic
retinopathy has important public health implications as it is the leading cause of
blindness in working age adults. Since nearly all patients with type I diabetes and
up to 60% of patients with type II diabetes will develop diabetic retinopathy 20
years from initial diagnosis, it has been imperative to identify strategies to prevent
and/or limit morbidity from diabetic retinopathy [2].

Diabetic macular edema (DME) is the most common cause of vision loss in
patients with diabetes and affects nearly 75,000 new patients in the United States
each year. The treatment of DME was investigated by the Early Treatment of
Diabetic Retinopathy Study (ETDRS), which was a landmark randomized, con-
trolled, multicenter clinical trial performed from 1979 to 1989 [3]. The ETDRS
further defined “clinically significant” DME (CSDME) for the purpose of treatment
guidelines as seeing at least one of the following on clinical examination:

* Retinal thickening within 500 pm of the center of the fovea

e Hard exudates within 500 pm of the center of the macula with adjacent retinal
thickening

» Retinal thickening at least 1 disk area in size, any part of which is within 1 disk
diameter of the center of the macula
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Of note, the diagnosis of CSDME has historically been determined by slit lamp
biomicroscopy or stereographic photos and not with fluorescein angiography.
Optical coherence tomography (OCT) has emerged as a valuable diagnostic tool
that is more sensitive in detecting early DME by determining the thickness of the
macular center or central subfield thickness [4].

Although CSDME may present without visual-acuity changes, up to 30% of
patients with CSDME will develop moderate visual loss, defined as a doubling of the
visual angle. The ETDRS-established laser photocoagulation as the initial gold stan-
dard therapy for DME. Laser photocoagulation is effective in preventing further vision
loss from DME, but is less successful in improving visual acuity. Since the ETDRS, a
better understanding of the pathophysiology of DME has occurred allowing new treat-
ment strategies to be developed. Anti-VEGF agents have emerged as the favored treat-
ment of center-involving DME with roughly 90 % of retina specialists in 2013 in the
United States reportedly using anti-VEGF agents as their initial therapy [5].

Pathophysiology of DME

The pathophysiology of DME is a complex process caused by multiple factors
which results in the breakdown of the blood-retina barrier (BRB). The BRB consists
of an inner biological unit formed by tight junctional complexes between the retinal
vascular endothelial cells and a network of glial cells, astrocytes, and Miiller cells,
to maintain a low permeability environment; the outer BRB is formed by tight junc-
tions between the retinal pigment epithelium (RPE). Breakdown of the BRB leads
to leakage of fluid, retinal thickening, and exudates that cause retinal dysfunction
and vision loss [6].

Chronic hyperglycemia is generally accepted as the major pathological factor
contributing to diabetic retinopathy and DME. Elevated blood glucose levels lead to
increased intracellular levels of glucose which may then react with proteins, lipids,
and nucleic acids to subsequently form advanced glycation end-products (AGEs).
The receptor for AGEs is expressed on endothelial cells and is called RAGE. The
binding of AGE to RAGE leads to endothelial dysfunction and breakdown of the
BRB via oxidative stress, the release of proinflammatory cytokines, and increased
expression of vascular endothelial growth factor-A (VEGF-A) [7].

VEGF-A was identified in 1983 as a 34-42 kDa protein that is able to induce
significant vascular leakage. When compared to histamine on a molar basis,
VEGF-A is estimated to be 50,000 times more effective at inducing vascular per-
meability. Fetal liver kinase-1 (FLK-1) is a tyrosine kinase receptor that has been
identified as the principle mediator of VEGF-A’s effect on vascular permeability
and angiogenesis. Elevated levels of VEGF-A in the vitreous and anterior chamber
have been shown to correlate with the severity of DME, making it a key player in
the pathogenesis of DME [8].

Additional vasoactive factors implicated in the pathogenesis of DME are protein
kinase C (PKC) and angiotensin II (AIl). PKC is a family of serine-threonine
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kinases which are upregulated in diabetic patients and has been shown to increase
vascular permeability and decrease retinal blood flow by increasing the expression
of endothelins. Endothelins interact with receptors on pericytes to cause intracellu-
lar calcium-mediated vasoconstriction of the retinal microvasculature. AIl has been
shown to directly stimulate the secretion of VEGF in endothelial cells. Therapies
targeting PKC and AII have been shown to reduce the retinal vascular changes asso-
ciated with diabetes in animal models [9].

There have been many more factors identified in the pathogenesis of DME. This
has led to the evolution in the management of DME as targeted therapies have
developed. Further understanding of the causes of BRB breakdown will undoubt-
edly lead to new treatments both locally and systemically for DME.

Medical Management of DME

There are several effective treatment modalities for DME. Laser photocoagulation
and surgical intervention will be covered in a later chapter. Current medical thera-
pies include systemic risk factor modification, topical eye drops, and intravitreal
injection of steroids and anti-VEGF agents. These treatments are summarized
in Table 1.

Systemic Control [10, 11]

The primary goals of systemic intervention are to prevent the development of dia-
betic retinopathy/DME and to reduce vision loss in patients with existing retinopa-
thy/DME. The mainstays of systemic control are blood sugar and blood pressure
control. More recently, therapies targeting the renin-angiotensin system (RAS) and
lipid-lowering agents have been investigated. Improvement in systemic risk factors
alone can significantly decrease the risk of vision loss from DME.

Glycemic Control

The most effective systemic intervention to prevent the progression of diabetic reti-
nopathy is improved glycemic control seen by a lowering of glycosylated hemoglo-
bin (HbA1c). This was established by the Diabetes Control and Complications Trial
(DCCT) in type 1 diabetics and the UK Prospective Diabetes Study (UKPDS) in
type 2 diabetics. Both studies showed intensive glycemic control reduced the inci-
dence and progression of diabetic retinopathy.

Not surprisingly, intensive glycemic control is associated with an increased risk
of hypoglycemic events. Additionally, the Action to Control Cardiovascular Risk in
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Table 1 Summary of medical therapies for DME

R. Turner and L.V. Del Priore

Treatment

‘ Advantages/disadvantages

Literature support

Systemic risk factor modification

Glycemic control

Decreases morbidity from retinopathy,
nephropathy, and neuropathy

Increased risk of hypoglycemic events

Diabetes Control and
Complications Trial (DCCT)
UK Prospective Diabetes Study
(UKPDS) Action to Control
Cardiovascular Risk in Diabetes
(ACCORD)

Blood pressure
control

Decreased risk of heart attack

Wisconsin Epidemiological Study
of Diabetic Retinopathy (WESDR)

Renin-
Angiotensin
System (RAS)

Decreased risk of retinopathy
progression

Diabetic Retinopathy Candesartan
Trials (DIRECT) European
Controlled Trial of Lisinopril in
Insulin-Dependent Diabetes
(EUCLID)

Lipid-lowering
agents

Decreased risk of retinopathy
progression, DME, and cardiovascular
disease

Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD)
Action to Control Cardiovascular
Risk in Diabetes (ACCORD)

Topical Therapy

NSAID and
steroid eye drops

Low risk of treatment

Ease of delivery

Uncontrolled, retrospective studies

Intravitreal Injection

Anti-VEGF Greatest improvement in visual-acuity | RESTORE study
agents and anatomic outcomes BOLT study
Need for frequent visits and repeated | VISTA-DME and VIVID-DME
treatments, risk of infection, unknown | trials
long-term systemic side effects
Steroids Improvement in visual-acuity and MEAD study
anatomic outcomes BEVORDEX study

May help cases poorly responsive to
anti-VEGF

Risk of cataract and glaucoma
progression

Fluocinolone Acetonide for
Diabetic Macular Edema (FAME)
A and B studies

Diabetes (ACCORD) trial was stopped because an increase in all-cause mortality
was identified in patients whose glucose was extremely tightly controlled with insu-
lin and multiple oral agents. The validity of this association has been questioned, but
nonetheless it is important to be cognizant of the potential risk.

Optimal metabolic control in both type 1 and type 2 diabetics may be very difficult
to achieve. Various interventions to improve patient education such as nurse education
and group therapy sessions have been shown to improve HbA 1c levels. Since diabetes
is a chronic condition, it is imperative that patients have a thorough understanding of
their illness which facilitates better compliance with medical therapies.

The American Diabetes Association and the European Association for the Study
of Diabetes provided a consensus statement in 2009 which provided guidance for a
treatment algorithm for type 2 diabetes. The guidelines emphasized a goal HbAlc
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<7.0 %, initial therapy with lifestyle modifications and metformin, rapid addition of
additional oral agents if glycemic goals are not achieved or sustained, and early
addition of insulin therapy in patients who do not meet goals with oral medications.
Based on these guidelines and results of clinical studies, it is fundamental for oph-
thalmologists to review their patients’ HbAlc and emphasize the importance of
metabolic control at each visit.

Blood Pressure Control

Hypertension has been shown to be a major risk factor for DME in studies such as
the Wisconsin Epidemiological Study of Diabetic Retinopathy (WESDR). The
WESDR found that higher diastolic blood pressure increased the risk of progression
of diabetic retinopathy over a 4-year period. Furthermore, the UKPDS demonstrated
that improved control of systolic blood pressure reduced the need for laser treatment
of diabetic retinopathy in patients with type 2 diabetes. Based on these and other
studies, the American Diabetes Association recommends a target blood pressure of
less than 130/80 mmHg for patients with diabetes.

Renin-Angiotensin System Inhibition

The renin-angiotensin system (RAS) in the eye is activated by chronic hyperglyce-
mia which leads to overexpression of AIl. As mentioned previously, AIl induces the
release of VEGF as well as increases vascular permeability and promotes vasocon-
striction. Clinical trials such as the Renin-Angiotensin System Study (RASS) have
evaluated medications that target this system and their effects on diabetic retinopa-
thy. The RASS compared the effect of the angiotensin-converting enzyme inhibitor
enalapril, the angiotensin receptor blocker losartan, and placebo on diabetic reti-
nopathy progression over a 5-year period in normotensive patients. Both drugs sig-
nificantly reduced the progression of diabetic retinopathy independently of glycemic
levels and changes in blood pressure. Similar studies such as the Diabetic
Retinopathy Candesartan Trials (DIRECT) and the European Controlled Trial of
Lisinopril in Insulin-Dependent Diabetes (EUCLID) study have shown favorable
effects on diabetic retinopathy progression.

Lipid-Lowering Agents

Lipid-lowering therapy is vitally important to decrease the risk of cardiovascular
disease in patients with diabetes. Statins and fibrates have been shown to reduce
hard exudates, microaneurysms, and the risk of vision loss in diabetic retinopathy.
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The Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study
showed a decrease in the rate of DME development and need for laser photocoagu-
lation in type 2 diabetic patients. The protective effects of fenofibrate were indepen-
dent of blood glucose, blood pressure, and baseline lipid levels. Furthermore, the
ACCORD study showed that the addition of fenofibrate to statin therapy resulted in
a reduction in diabetic retinopathy progression compared to taking a statin alone.
These effects of fibrate medications appear to be independent of lipid concentration
and have raised questions as to their mechanism of action.

Topical Therapy

Nonsteroidal Anti-inflammatory Drugs (NSAIDS)

The benefits of topical NSAIDs for treatment of DME are mainly reported anecdot-
ally or in uncontrolled retrospective studies. For example, one case series of 6 eyes
with DME treated with nepafenac 0.1 % for 6 months showed improvement in the
average foveal thickness from 417 to 267 pm. Authors also reported that four eyes
gained vision with a modest improvement in mean visual acuity from 0.78 to 0.67
logMAR [12]. Such results have prompted larger, controlled studies by the Diabetic
Retinopathy Clinical Research Network (DRCRN) and National Eye Institute (NEI)
which have not yet been published. Overall, most clinicians use topical NSAIDs with
or without topical steroids to treat macular edema in diabetic patients associated with
cataract surgery. If a response is not achieved after 1-3 months or side effects are
experienced, intravitreal or surgical intervention is typically pursued [13].

Steroids

Topical steroids have been shown in small, uncontrolled studies to improve retinal
thickening and visual acuity in patients with DME after surgical procedures and are
typically given in combination with topical NSAIDs [14]. The treatment effect of
topical steroids as monotherapy for DME has not been studied extensively and is
not recommended.

Other Topical Agents

A growing interest in topical therapy for the treatment of DME and other retinal
diseases has emerged. Topical therapy would be greatly advantageous compared to
intravitreal injection or surgical intervention. In animal models, ranibizumab
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(Lucentis, Genentech, Inc., San Francisco, CA) has been shown to reach the vitre-
ous cavity and retina with topical application [15]. Other studies have evaluated
coupling anti-VEGF drugs with various agents to improve intraocular penetration
with topical administration. Even more exciting perhaps is the development of new
drugs which target different pathological factors involved with DME. For example,
the drug FOV-2304 (Fovea Pharmaceuticals SA) is delivered as a topical drop and
targets the kallikrein-kinin system (KKS), which has been shown to induce vascu-
lar permeability in diabetic rats [16]. A phase II randomized, placebo-controlled
trial evaluating the safety and efficacy of FOV-2304 was begun in 2011 with final
results pending.

Intraocular Therapy

The treatment of DME drastically changed with the advent of intravitreal injections.
Intravitreal steroids and anti-VEGF agents are superior to laser photocoagulation
with regard to improving visual acuity. This has led to a paradigm shift in the treat-
ment of DME.

Steroids

Several studies have shown the effectiveness of intravitreal injection of steroid with
or without focal/grid laser. Cataract formation and intraocular pressure (IOP) rise
are important adverse effects of steroid therapy that are frequently encountered with
sustained release steroid injections that need to be considered.

The Diabetic Retinopathy Clinical Research Network (DRCRnet) has investi-
gated the effects of intravitreal triamcinolone acetate on DME. The DRCRnet has
shown that triamcinolone plus focal/grid laser is more effective than laser alone in
pseudophakic eyes with DME. However, phakic eyes showed no improvement with
the addition of triamcinolone compared to focal/grid laser alone and were much
more likely to develop cataracts and an increase in IOP [17, 18].

Despite the lack of significant success with triamcinolone, other intravitreal ste-
roids have shown to be effective in treating DME. The MEAD study was a 3-year,
randomized, sham-controlled trial of Ozurdex (dexamethasone intravitreal implant;
Allergan, Inc, Irvine, CA) in patients with center-involving DME. Ozurdex is a biode-
gradable implant delivered via a preloaded, single-use 22-gauge needle. In the study,
roughly 20 % of patients experienced >15-letter improvement in BCVA from baseline
with about 4 Ozurdex injections over the 3-year period, which achieved the predefined
primary efficacy endpoint for the US Food and Drug Administration (FDA). However,
it is important to consider that roughly 65 % of patients who received Ozurdex com-
pared to 20 % of patients in the sham group developed cataracts.
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The BEVORDEX study compared Ozurdex 0.7 mg with bevacizumab 1.25 mg
(Avastin, Genentech, Inc., South San Francisco, CA) for center-involving
DME. Both achieved similar rates of visual improvement with roughly 40 % of
patients gaining 10 or more letters of best-corrected visual acuity (BCVA). Ozurdex
achieved superior anatomic outcomes compared to bevacizumab with a mean
improvement in central macular thickness of 187 pm compared with 122 pm. Also,
Ozurdex-treated eyes required fewer injections with a mean of 2.7 injections of the
implant compared to a mean of 8.6 injections in the bevacizumab group. Similar to
the MEAD study, patients in the Ozurdex group developed cataract at a much higher
rate compared with those treated with anti-VEGF agents, and roughly 1% of
patients treated with Ozurdex required glaucoma surgery due to uncontrolled
increase in IOP. Combined, the BEVORDEX and MEAD studies helped gain
Ozurdex FDA approval for the treatment of DME [19, 20].

In September 2014, the FDA approved another intravitreal steroid drug, [luvien
(fluocinolone acetonide, Alimera Science, Alpharetta, GA), for the treatment of
DME. The FDA approval recommends that patients be treated with a course of topi-
cal steroids and show a lack of clinically significant rise in IOP prior to being treated
with [luvien. Iluvien is a non-erodible cylindrical tube with a central drug-polymer
matrix that releases 0.19 mg of fluocinolone acetonide into the vitreous cavity via a
25-gauge intravitreal injection. It releases small doses of fluocinolone acetonide for
at least 3 years. No systemic absorption has been documented [21].

The Fluocinolone Acetonide for Diabetic Macular Edema (FAME) A and B
studies showed Iluvien significantly improved visual acuity with 28 % of treated
patients compared to 19 % of control patients gaining 15 letters of BCVA at 3 years
follow-up. Cataract formation occurred in over 80 % of patients treated with Iluvien
compared to 50% of control patients; however, visual-acuity gains remained
improved after subsequent cataract surgery. Incisional IOP-lowering surgery was
required in 4.8 % of Iluvien patients compared to 0.5 % in the sham group. Subgroup
analysis has shown that Iluvien is more effective for patients with chronic DME,
lasting greater than 3 years despite laser photocoagulation [22].

There are many factors to consider when deciding to use intravitreal steroids to
treat DME. Cost is a significant consideration given that the product cost alone for
these steroids is around $2,000 for Ozurdex and $8,000 for Iluvien in the
USA. However, the duration of action of these drugs could decrease the burden of
frequent office visits. Overall, it seems the intravitreal steroids are most useful in
treating center-involving DME in pseudophakic patients with a low risk of develop-
ing glaucoma.

Anti-VEGF

VEGEF is one of the most important players in the pathogenesis of DME. It is not
surprising that intravitreal anti-VEGF agents have shown to be so successful in
treating DME. The three main anti-VEGF agents used to treat DME include
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bevacizumab (Avastin, Genentech, Inc., San Francisco, CA, USA), ranibizumab,
and eylea (Aflibercept, Regeneron Pharmaceuticals, Inc., Tarrytown, NY, USA).
While the ETDRS-established laser photocoagulation could prevent further vision
loss in DME, several studies evaluating anti-VEGF agents have shown superior
improvement in visual acuity compared to laser. These effects are even greater for
center-involving DME [23, 24].

Ranibizumab, a recombinant humanized antibody fragment that is active against
all isoforms of VEGF-A, is the most studied anti-VEGF agent for the treatment of
DME. The RESTORE study published in 2011 was a randomized, double-masked,
multicenter controlled study which compared ranibizumab 0.5 mg monotherapy to
combined therapy with laser and to laser alone. At 12 months, patients treated with
ranibizumab alone gained an average of 6.1 letters of BCVA compared to 5.9 and
0.8 in the ranibizumab plus laser and laser-alone treatment groups, respectively
[25]. The DRCRnet found similar results in a study with 2-year follow-up which
again showed that patients treated with ranibizumab with or without prompt laser
achieved about 5 letters of BCVA compared to laser alone [26].

The FDA approved ranibizumab for the treatment of DME in August 2012 after
the results of the RIDE and RISE trials. These trials were identically designed, par-
allel, double-masked, 3-year placebo-controlled studies which evaluated the safety
and efficacy of intravitreal ranibizumab with rescue laser if needed. At 24 months,
34 % of patients in the RIDE arm and 45 % in the RISE arm gained at least 15 letters
of BCVA compared to 12 and 18 % in the control groups. These visual improve-
ments were maintained through the 3-year study period. These studies established
ranibizumab as a better approach to DME management [27].

Bevacizumab is a full-length recombinant humanized antibody active against all
forms of VEGF-A. It is not FDA approved for the treatment of DME but has also
been shown to be an effective therapy. In 2007, the DRCRnet published a phase II,
prospective, randomized, multicenter clinical trial to determine bevacizumab’s
safety and possible benefits in DME. The study showed bevacizumab improved
central subfoveal thickness and BCVA but only followed patients for 24 weeks [28].
The BOLT study published in 2012 provided a prospective randomized controlled
trial with 2 years of outcome data comparing bevacizumab to macular laser therapy
in patients with center-involving DME. The study found that patients treated with
bevacizumab gained an average of 8.6 letters of BCVA compared to a loss of 0.5
letters in the laser group at 2 years. Additionally, 32 % of patients in the bevaci-
zumab group gained 15 or more letters compared to just 4 % in the laser group [29].
Since bevacizumab is considerably cheaper than the other anti-VEGF agents, many
clinicians prefer an initial trial with this agent before using either ranibizumab or
aflibercept.

Aflibercept is a recombinant fusion protein consisting of the VEGF-binding por-
tions from the extracellular domains of human VEGF receptors 1 and 2 that are
fused to the Fc portion of the human IgG immunoglobulin. The FDA approved
aflibercept for the treatment of DME in August 2014 based on the results from the
phase III VISTA-DME and VIVID-DME trials. These similarly designed, double-
masked, randomized studies compared aflibercept 2 mg given monthly, aflibercept
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2 mg given every 2 months (after five initial monthly injections), or macular laser
photocoagulation (at baseline and then as needed). After 1 year, the mean letters
gained in BCVA for the monthly and every 2-month aflibercept groups were 12.5
and 10.7, compared to 0.2 letters in the laser group. Furthermore, 41 and 31 % of
eyes treated with aflibercept gained >15 letters compared to 8 % treated with laser.
Similar efficacy was noted with aflibercept injection at 4-week intervals compared
to 8-week intervals after the standard 5 initial monthly injections [30].

Studies comparing the anti-VEGF agents head to head for DME are emerging.
One study comparing ranibizumab to bevacizumab for DME showed similar
improvements in BCVA, but ranibizumab required less injections (7.7) compared to
the bevacizumab group (9.8) over the 12 months of the study [31]. In February 2015,
the DRCRnet reported results from a multicenter, randomized controlled trial com-
paring the 3 anti-VEGF agents. This study evaluated the effectiveness of aflibercept,
ranibizumab, and bevacizumab on visual acuity and central subfield thickness over a
12-month period in roughly 350 patients with center-involving DME. The DRCRnet
found that all 3 drugs significantly improved visual acuity and central subfield thick-
ness in patients presenting with mild vision loss, 20/32-20/40 vision. However, in
patients presenting with visual acuity of 20/50 or worse, aflibercept displayed a clini-
cally meaningful advantage over ranibizumab and bevacizumab. Specifically, an
improvement in the visual-acuity letter score of at least 15 (3 Snellen lines) was
observed in 67 % of aflibercept-treated eyes compared to 50 and 41 % of eyes treated
with ranibizumab and bevacizumab, respectively [32]. The study did not compare the
costs associated with treatment but did mention the Medicare allowable charges for
a single intravitreous injection is $1,950 for aflibercept (at a dose of 2.0 mg), $50 for
bevacizumab (under the assumption that 10 mg is used to repackage a 1.25-mg dose),
and $1,200 for ranibizumab (at a dose of 0.3 mg), making cost a significant factor
when choosing an anti-VEGF agent for an individual patient.

Summary

The medical management of DME has evolved since the first reports of the ETDRS
showed a 50 % reduction in vision loss with focal/grid laser. A better understanding
of the factors involved with the pathophysiology of DME has led to the development
of more effective treatments. Expert panels and review articles are beginning to
establish new treatment recommendations based on the growing body of evidence
that anti-VEGF agents are superior to laser for the treatment of DME. It is generally
recommended to treat center-involving DME with vision loss with an anti-VEGF
agent with or without focal/grid laser since studies have consistently shown anti-
VEGF agents can recover BCVA. Laser photocoagulation should be reserved for
non-center-involving DME without significant vision loss. The role of intraocular
steroids is less clear. Most clinicians reserve their use for poorly responsive cases in
patients that are pseudophakic and have low risk of glaucomatous optic neuropathy
[33, 34]. A simplified algorithm for the treatment of DME is presented in Fig. 1.
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Fig. 1 A simplified algorithm for the treatment of DME

Ophthalmologists have several effective treatment options available for the man-
agement of DME. The strategy employed is based on several factors that are specific
to each patient. Cost, number of treatments, and response to therapy are all significant
variables involved with the decision-making process. Further studies will help clarify
treatment protocols for DME.
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Chapter 6
Management of Macular Edema
in Vitreo-Maculopathies

Matin Khoshnevis and J. Sebag

Key Concepts

1. Anomalous PVD is the fundamental cause of vitreo-maculopathies with
vitreo-macular traction and macular pucker, both associated with macular
edema.

2. Vitreo-macular adhesion can be an important contributor to macular edema
resulting from diabetic retinopathy, retinal vein occlusion, and exudative
age-related macular degeneration.

3. Vitreous surgery, which has been the mainstay of therapy for macular
edema due to vitreo-maculopathy, may be replaced or augmented by phar-
macologic vitreolysis, which can also aid in the management of macular
edema from comorbidities. In the future, pharmacologic vitreolysis may
be used to induce prophylactic PVD to mitigate macular edema from both
primary vitreo-maculopathies and comorbid conditions.

Introduction

Macular edema can be broadly defined as abnormal thickening of the macula due to
the accumulation of fluid in the extracellular compartment of the neurosensory ret-
ina. When cysts form within the outer plexiform layer, the term “cystoid macular
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Fig. 1 Human posterior
vitreous cortex. Scanning
electron microscopy
showing a dense network
of collagen fibrils. Bar = 10
microns (Reprinted with
permission from Sebag [5],
p. 266)

edema” (CME) is applicable [1]. In this chapter, the term “CME” will be reserved
for edema in the macula that has a petaloid pattern on fluorescein angiography with-
out any identifiable cause, such as vitreo-macular adhesion/traction, diabetic reti-
nopathy, retinal vein occlusions, exudative AMD, etc. Macular edema from
identifiable causes will be referred to as “macular edema” (ME). The following
discusses the role of vitreous in the pathogenesis of all forms of ME.

The hallmark of all vitreo-maculopathies is vitreo-macular adhesion (VMA);
when it exerts traction on the macula causing structural alterations, it is called
vitreo-macular traction (VMT) [2]. The prevalence of VMA is greater than com-
monly appreciated. Optical coherence tomography (OCT) has shown VMA not
detected by biomicroscopy in 30 % of cases [3]. In pathologic studies of posterior
vitreous detachment (PVD), remnants of the posterior vitreous cortex (Fig. 1) were
found on the inner retina in 42 % of cases [4].

VMA and VMT influence the macula via different mechanisms. In the case of VMA,
effects are molecular and physiologic, while untoward effects in VMT result from trac-
tion. Traction arising from anomalous posterior vitreous detachment (PVD) with persis-
tent VMA between the posterior vitreous cortex and the inner limiting membrane (ILM)
of the retina can be either tangential to the surface of the retina, axial, or both.

This chapter will briefly review vitreous biochemistry, structure, and physiology,
as well as aging, PVD, and anomalous PVD causing VMT. The role of VMA as a
comorbidity in exudative age-related macular degeneration and diabetic macular
edema will be discussed. Lastly, the medical management of vitreo-maculopathies
will be described, while surgical management will be covered elsewhere and only
briefly addressed herein.

Vitreous Biochemistry and Structure

The main component of vitreous is water, which constitutes more than 98 % of the
vitreous body. Roughly 15-20% of this water is attached to glycosaminoglycans
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(GAGs), primarily hyaluronan. The other major structural macromolecule of vitre-
ous is collagen. Variations in the concentrations of hyaluronan and collagen in dif-
ferent species account for differences in the rheologic (gel/liquid) state of the
vitreous body [5, 6].

The three main GAGs of vitreous are hyaluronan, chondroitin sulfate, and hepa-
ran sulfate:

e Hyaluronan (HA) is the major CAG of the human vitreous. HA synthesis begins
after birth and plateaus in adulthood. As there is no extracellular degradation
[7-10], the levels of HA tend to remain constant because HA molecules escape
via the anterior segment of the eye [11]. It has previously been shown that HA
acts like an ion-exchange resin in that an electrostatic interaction can occur
between small charges of mobile ions in the tissue and the electrostatic envelope
of this stationary polyelectrolyte [12]. This interaction explains the properties of
HA in vitreous and its influences on ion transport and distribution, osmotic pres-
sure, and electric potentials within the vitreous body.

e Chondroitin sulfate (CS) is an important component of the extracellular matrix
throughout the body. In vitreous, CS may serve as a link between HA and col-
lagen. Versican, a vitreous CS, has been shown to house the pathogenic mutation
in Wagner’s Vitreo-Retinal Dystrophy [13, 14].

* Heparan sulfate (HS) is a renewable proteoglycan that has been found in small
amounts in human vitreous. Its function is speculated to be the maintenance of an
adequate distance between vitreous collagen fibrils to achieve transparency [15].

Type II collagen comprises 75 % of all vitreous collagens [16]. Stickler syn-
drome is a mutation that occurs in exon 2 of COL2A 1, resulting in liquefied vitreous
[16, 17] and an increased risk of retinal detachment. Type IX collagen comprises
10-15 % of vitreous collagen and interacts with collagen II fibrils and other colla-
gens. It has been hypothesized that changes in the quantity and the location of type
IX collagen are the reasons for many of the important phenomena in age-related
vitreous changes [18, 19]. Lastly, a hybrid collagen type V/XI makes up about 10 %
of all vitreous collagen [20]. Types II and V/XI often combine to form a heterotypic
fibril that helps keep the distance between vitreous collagen fibrils to minimize light
scattering [20].

Vitreous body structure consists primarily of interpenetrating networks of HA
molecules and collagen fibrils. Collagen fibrils provide a rigid structure that is
“filled” by the hydrophilic HA creating a solid gel in youth (Fig. 2). If collagen is
removed from the vitreous body, HA forms a viscous solution, while removal of HA
causes the gel to shrink [12]. Type II collagen is very rich in proteoglycans and has
a strong collagen-proteoglycan interaction. It has also been shown that proteogly-
cans have a stabilizing effect upon collagen [21]. Swann et al. [22] postulated that
HA-collagen interaction in the human vitreous might involve a third molecule that
represents a “link” composed of either a glycoprotein or proteoglycans. This is con-
sistent with previous studies that have shown HA to interact with link proteins [23],
as well as an HA-binding glycoprotein, known as hyaluronectin [24]. Such organi-
zation to keep the vitreous collagen fibrils a critical distance apart minimizes light
scattering [24] achieving transparency.



94 M. Khoshnevis and J. Sebag

Fig. 2 Vitreous body of an eye obtained at autopsy from a 9-month-old child. The sclera choroid
and retina were dissected off the vitreous body, which remains attached to the anterior segment. A
band of gray tissue can be seen posterior to the ora serrata. This is the neural retina that was firmly
adherent to the vitreous base and could not be dissected. Due to the young age of the donor, the
vitreous body is almost entirely gel. Thus, it is solid and maintains its shape, although situated on
a surgical towel exposed to room air (Reprinted with permission from Sebag [5], cover photo)

The vitreo-retinal interface is composed of the inner limiting membrane of the
retina, the outer layer of the vitreous body, known as the posterior vitreous cortex
(Fig. 1), and an intervening extracellular matrix containing laminin, fibronectin, and
other constituents [25]. Opticin is a structural protein found at the vitreo-retinal
interface, where it is speculated to play an important role in vitreo-retinal adhesion
and the prevention of neovascularization [26, 27].

Aging and PVD

The vitreous body undergoes dramatic changes with age (Fig. 3) likely related to
changes in collagen/proteoglycans composition and organization. In nondiabetic
patients, the average half-life of vitreous collagen is estimated to be 15 years, simi-
lar to the skin [28]. In aging and especially in diabetes, vitreous pentosidine [25]
and AGEs increase significantly [29, 30]. HA and CS, which are both attached to
core proteins to form proteoglycans [20], are believed to play important roles in the
structural changes with aging [30]. CS primarily interacts with type IX collagen and
may be important in collagen aggregation [19, 31], while HS seems to play a role at
the vitreo-retinal interface [20].

After age 40 there is a significant decrease in gel volume and a concurrent
increase in liquid vitreous, which mainly accumulates centrally [32, 33]. These
changes within the vitreous body lead to pockets of liquid vitreous known as
“lacunae.” Oksala [34] used ultrasonography to detect echoes from the gel/liquid
interfaces in the aging vitreous body. Recent studies with swept source
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Fig. 3 Aging changes in human vitreous structure. Dark-field slit microscopy of fresh unfixed
whole human vitreous body with the sclera, choroid, and retina dissected off the vitreous body,
which remains attached to the anterior segment. A slit lamp beam illuminates from the side, creat-
ing a horizontal optical section with an illumination— observation angle of 90°, maximizing the
Tyndall effect. The anterior segment is below and the posterior pole is above in all specimens. Top
Panel: the vitreous bodies of an 11-year-old girl (left) and a 14-year-old boy (right) demonstrate a
homogeneous structure with no significant light scattering within the vitreous body, only at the
periphery where the vitreous cortex is comprised of a dense matrix of collagen fibrils. The poste-
rior aspect of the lens is visible at the bottom of each image. Middle Panel: vitreous structure in a
56-year-old (left) and a 59-year-old (right) subject features macroscopic fi bers in the central vitre-
ous body with an antero-posterior orientation. These form when hyaluronan molecules no longer
separate collagen fibrils, allowing cross-linking and aggregation of collagen fibrils into visible
fibers. Bottom Panel: in old age the fibers of the central vitreous become significantly thickened
and tortuous, as demonstrated in the two eyes of an 88-year-old woman. Adjacent to these large
fibers are areas of liquid vitreous, at times forming pockets, called lacunae. (Reprinted from Sebag
et al. [224]).
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OCT imaging [35] have challenged the previous belief that the posterior lacuna is
solely a manifestation of age-related liquefaction [35, 36]. Rather, this seems to
represent an anatomic structure, most likely the bursa premacularis of Worst, since
it is found in youth [37]. Nonetheless, with aging there is increasing liquefaction
with additional lacuna formation, leading to destabilization of the vitreous body and
ultimately collapse due to the currents and countercurrents of liquid vitreous occur-
ring during head/eye movement. Posterior vitreous detachment (PVD) occurs when
there is sufficient liquefaction to promote collapse of the vitreous body accompa-
nied by sufficient weakening of vitreo-retinal adhesion to allow anterior separation
of the posterior vitreous cortex away from the ILM of the retina. With adequate
weakening of vitreo-retinal adhesion, PVD occurs without pathologic consequences
[5, 38-40].

The most common cause of PVD is aging; however, myopia, diabetes, and sev-
eral other conditions (Marfan syndrome, Ehlers-Danlos syndrome, Stickler syn-
drome [41]) are also predisposing factors. It has been shown that surgical removal
of the crystalline lens results in a higher incidence of complete PVD [42]. Another
study demonstrated the importance of posterior capsule integrity [43]. In a recent
prospective study of 575 eyes without PVD prior to cataract surgery, 5 %, 8 %, 11 %,
18 %, and 30% developed PVD at 3, 6, 12, 24, and 36 months postoperatively,
respectively [44]. This is perhaps due to a reduction in the concentration of hyaluro-
nan [45] resulting from increased diffusion into the anterior chamber, amplified by
absence of an intact posterior capsule [45, 46]. As a result of HA loss, vitreous
viscoelasticity decreases lowering shock-absorbing ability [47], resulting in
increased force transmission to the remaining vitreo-retinal attachments during ocu-
lar saccades and head movement. Persistent vitreo-retinal adhesion during PVD can
have serious untoward consequences.

Anomalous PVD

When gel liquefaction exceeds the degree of weakening in vitreo-retinal adher-
ence, traction is exerted at the vitreo-retinal interface with a variety of potential il
effects, collectively known as anomalous PVD (APVD). Full-thickness APVD
occurs when the entire (full-thickness) posterior vitreous cortex stays attached to
the retina, such as in vitreo-macular traction syndrome or retinal tears/detachment.
Partial-thickness APVD occurs when there is a split in the posterior vitreous cor-
tex, called vitreoschisis (VS; Fig. 4). Figure 5 outlines the various possible conse-
quences of APVD that vary depending upon the area(s) of greatest vitreous
liquefaction and where the posterior vitreous cortex is most firmly adherent to the
retina. While peripheral and optic disk APVD are important, this chapter will only
consider vitreo-maculopathies. These will be discussed as either “primary,” where
APVD is the cause, or “comorbid,” where vitreo-macular adhesion contributes to
the underlying maculopathy, typically either exudative AMD or ME due to diabe-
tes or retinal vein occlusions.
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Fig. 4 Vitreoschisis. In vivo SD-OCT imaging of the human vitreo-retinal interface demonstrates
a split in the posterior vitreous cortex, called vitreoschisis (Image courtesy of Jay Duker, MD)
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Primary Vitreo-Maculopathies (APVD Is the Primary Cause)
Vitreo-Macular Traction (VMT)

VMT is defined as vitreo-macular adhesion with structural changes in the underly-
ing macula [2]. At the International Vitreomacular Traction Study (IVTS) group
conference in 2012, a new classification system of vitreo-macular traction was
developed, based solely upon anatomic changes as found with OCT imaging. To
diagnose VMT, the following changes should be observed: (1) evidence of perifo-
veal vitreous cortex detachment from the retinal surface, (2) macular attachment of
the posterior vitreous cortex within a 3-mm radius of the fovea, and (3) distortion of
the foveal surface, intraretinal structural changes, elevation of the fovea above the
RPE, or a combination of these anatomical changes [2]. VMT is classified by the
size of vitreous attachment: focal, if less than 1500 pm, or broad, if greater than
1500 pm.

In the classic form of VMT, the posterior vitreous cortex is separated from the
retina in the peripheral fundus but remains attached posteriorly, resulting in
antero-posterior traction on a broad, often dumbbell-shaped region encompass-
ing the macular area and optic nerve [49-52] (Fig. 6). The zone of vitreo-macular
attachment can be small as seen in Fig. 6 or measure several disk areas in size
[51, 52]. Associated findings include a premacular membrane and varying
degrees of macular edema with fluorescein leakage. If VMT is severe, traction
macular detachment can result, as seen in Fig. 6. Symptoms tend to progress with
time, but a full-thickness macular hole rarely develops [53]. Vitreo-retinal sur-
gery to relieve VMT is often associated with anatomic and visual improvement
[50, 51, 54-57]. It has been suggested that traction on the fovea arising from
APVD is a contributing pathogenic factor in some cases of CME following cata-
ract surgery [58].

Fig. 6 Anomalous PVD
with vitreo-macular
traction. Persistent
vitreo-macular adhesion
results in axial vitreo-
macular traction with
elevation of the central
macula
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Macular Holes (MH)

A full-thickness macular hole (FTMH) is defined as a foveal lesion with interruption
of all retinal layers from the ILM to the RPE, usually diagnosed by OCT imaging.
The exact pathophysiologic mechanism is unknown; however, many theories have
been proposed, such as vitreous traction, trauma, foveal degeneration, high myopia,
and involutional thinning with PVD. The IVTS differentiated FTMHs based on size
(small <250 pm, medium >250 to <400 pm, large >400 pm), vitreous status (with
or without VMA), and associated conditions (primary vs. secondary) [41]. This
classification has been shown to be useful as it predicts the anatomic and functional
success after treatment with pharmacologic vitreolysis or surgical intervention [2].

There is typically no macular edema in MH because the cysts surrounding the
hole are tractional rather than exudative [59-62]. The tangential traction theory [63]
suggests that shrinkage of the perifoveal vitreous cortex induces an FTMH in four
stages [64]. The possible mechanisms that can cause tangential vitreous traction are:
fluid vitreous movement and countercurrents, cellular remodeling of the cortical vit-
reous, and contraction of a cellular membrane on the tapered cortical vitreous after
vitreoschisis [65-67]. Indeed, vitreoschisis has been found in half of the eyes with
MH [67]. In addition, vitreo-papillary adhesion (VPA) may play a crucial role in the
development of MH, since VPA is present in 88.2 % of MH eyes [68]. VPA is also
more prevalent in eyes with intraretinal cystoid spaces in both lamellar macular holes
and macular pucker [68, 69]. Thus, it has been suggested that VPA influences the
vector of tangential forces on the macula causing outward (centrifugal) traction open-
ing a central dehiscence in an FTMH, foveal splitting in lamellar MH, and the forma-
tion of intraretinal cysts. In contrast, macular puckers have a very low incidence of
VPA, and the vector of tangential forces is believed to be inward (centripetal).

Macular Pucker (MP)

When anomalous PVD is associated with vitreoschisis, a vitreous membrane
remains on the macular surface. The term epiretinal membrane (ERM) is often used
in literature to refer to this membrane. However, this term is inaccurate for two rea-
sons: The term “epi-" indicates a location next to or beside a structure, in this case,
the retina. Thus, the term “epiretinal” could refer to a subretinal location, which is
clearly not the case. In addition, all of the related conditions are maculopathies, not
retinopathies. Therefore, the accurate term is “premacular membrane” (PMM),
which will be used throughout this chapter. In addition, the term “idiopathic” ERM
is no longer appropriate, as we know that the cause of this condition is vitreous.
Following APVD with vitreoschisis, premacular membranes (PMM) can contract
and cause metamorphopsia and visual impairment. Light microscopic studies of
these membranes have shown the presence of astrocytes and RPE cells. However,
there are likely other cells that have a similar morphological appearance, namely,
hyalocytes. Zhao et al. examined ILM from 79 patients with macular pucker or VMT
and found that hyalocytes are one of the major cell types [70]. These cells can elicit
the migration of monocytes from the circulation further increasing the population of
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Fig. 7 Macular pucker. (a) Color fundus photograph of the left eye in a 65-year-old man showing
macular pucker. (b) Premacular membrane (PMM) contraction in macular pucker has resulted in
the disruption of the blood-retinal barrier with leakage and macular edema as demonstrated on
fluorescein angiography

mononuclear phagocytes in these membranes. Sebag hypothesized that MP results
when VS splits the posterior vitreous cortex anterior to the hyalocytes, leaving a
thick and cellular membrane attached to the macula. A recent study found that half
of all eyes with MP have more than one site of retinal contraction leading to a higher
incidence of intraretinal cysts and significantly more macular thickening [71]. It is
not clear whether these cysts are the result of traction as in the case of MH, or exuda-
tion and macular edema, which is found in about 40 % of eyes with MP [72].

Premacular membranes (PMM) are associated with macular dysfunction most
likely due to an impairment of the neural retinal layers, particularly disruption of the
inner and outer segments of photoreceptors [73, 74]. With time, PMM contraction
in MP can result in disruption of the blood-retinal barrier in the underlying retina
with exudation, identifiable on fluorescein angiography (Fig. 7). The extracellular
accumulation of fluid can lead to cystoid changes, particularly in chronic MP. Thus,
in addition to the distortions induced by the PMM in MP, ME causes blurred vision
subjectively and decreased visual acuity objectively [75].

Vitreous surgery is the definitive cure for MP, with reduction/elimination of dis-
tortions [76], resolution of ME, and restoration of normal macular thickness and
function. Visual acuity improves in 87 % of cases with restoration of normal macu-
lar thickness in 94 % of patients [77, 78]. MP does not presently appear to be treat-
able by pharmacologic vitreolysis, as the presence of a PMM is a relative
contraindication to this form of therapy for vitreo-maculopathies (see below).

Comorbid Vitreo-Maculopathies (Vitreous Contributes)
Vitreous in Exudative AMD

It has been shown that full-thickness vitreo-macular adhesion (VMA) and traction
(VMT) play a role in exudative age-related macular degeneration (AMD).
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Anomalous PVD with persistent VMA is believed to promote or at least predis-
pose to choroidal neovascularization, while a total PVD appears to be somewhat
protective against wet AMD [79-82]. Clinical studies [79] found a twofold higher
prevalence of PVD (diagnosed by ultrasound) in eyes with dry AMD compared to
exudative AMD and a fivefold higher prevalence of VMA (diagnosed by OCT) in
wet AMD compared to eyes with dry AMD. This was subsequently confirmed in
two separate paired eye studies [79, 83] and was recently confirmed by a meta-
analysis of 1,025 qualified articles, which found that wet AMD has double the
prevalence of VMA and is less likely to have PVD [84]. Thus, although the exact
mechanism is yet to be discovered, anomalous PVD seems to be a risk factor for
exudative AMD [85-87]. A recent study [88] looked at 30 eyes of 25 patients with
VMA surrounded by shallow detachment of the posterior vitreous cortex. The
area of adhesion corresponded to a site of retinal angiomatous proliferation (RAP)
in 88.2%. In 73.3 % there was evidence of visible vitreo-retinal traction lines
directed toward the choroidal neovascular membrane. Additionally, vitreo-papil-
lary adhesion could be detected on the temporal margin of the optic disk in 83.3 %,
about as often as in macular holes [68, 69], and the posterior vitreous cortex
seemed to be split in the area of vitreo-papillary attachment, constituting
vitreoschisis.

Vitreous in Diabetic Macular Edema (DME)

The biochemistry [30] and structure [89] of vitreous is altered by diabetes resulting
in diabetic vitreopathy [48], which plays a role in the pathobiology of proliferative
diabetic vitreo-retinopathy. Ultrasonography [90] and histopathology [91] have
demonstrated vitreoschisis in proliferative diabetic retinopathy as well as in DME
[92], which is the most common cause of vision loss in diabetic patients. In DME,
cytokines and chemokines such as VEGF, fibroblast growth factor-2, and protein
kinase C induce proliferation of hyalocytes and astrocytes in the posterior vitreous
cortex [93]. These cells may strengthen adhesion of the posterior vitreous cortex to
the ILM and perpetuate VMA, promoting VMT and contributing to DME [93].
Clinical studies have shown that the surgical removal of the posterior vitreous in
DME patients contributes to less ischemia and decreased vasopermeability [94-96].
These findings may not only be due to relief of VMT by vitrectomy but also the
removal of various molecules that promote DME, since vitreous appears to be a
repository for various molecules that promote DME [97, 98]. Recent studies have
shown that diabetic patients have more pro-inflammatory molecules in the vitreous
body compared to nondiabetics [99]. In particular, IL-1B, caspase 1, and chemo-
kines are increased significantly in vitreous, suggesting that chronic low-grade
inflammation may be a factor in the pathogenesis of DME [99]. TNFa, which is also
found in vitreous of patients with DME, is known to increase retinal endothelial
permeability [100]. Other key molecules thought to promote DME by breakdown of
the blood-retinal barrier are endothelial adhesion molecules, such as ICAMI,
VCAMI, platelet-endothelial cell adhesion molecule 1 (PECAM-1), and P-selectin
[101, 102].
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Vitreous in Macular Edema due to Retinal Vein Occlusion (RVO)

Globally, an estimated 13.9 million people are affected by branch retinal vein occlu-
sion (BRVO) and 2.5 million by central retinal vein occlusion (CRVO) [103], affect-
ing males and females equally with a mean age of 65 years for CRVO. Five percent
of RVO occurs in people over 80 years of age [104, 105]. The primary risk factor for
RVO is atherosclerosis [105, 106], although arterial hypertension, cardiovascular
disease, hyperlipidemia, diabetes mellitus, hypercoagulation, thrombophilia, and
inflammatory disease have also been associated with RVO.

Retinal vein thrombosis causes elevation of intravascular pressure in vessels dis-
tal to the occlusion. The increased transmural hydrostatic pressure gradient in reti-
nal capillaries results in transudation of fluid into the extracellular space. Associated
hypoxia releases cytokines such as VEGF that break down the blood-retinal barrier,
causing further leakage in both central and branch RVOs [107-110]. Although the
exact etiology of RVO is not understood, vitreous seems to play arole [111]. Vitreo-
papillary adhesion has been documented in patients with ischemic central retinal
vein occlusion (CRVO), resulting in a secondary serous neurosensory detachment
that usually involves the macula [112]. Thick peripapillary tissue may be due to the
growth of fibrous tissue in the area of VPA following hemorrhagic CRVO.

Although the current mainstay in treating ME due to RVO is intravitreal anti-
VEGEF injection [113], vitrectomy has been shown to be relatively beneficial for
non-ischemic CRVO [114-116] and BRVO [116-119]. In addition, pharmacologic
vitreolysis with autologous plasmin enzyme in eyes with BRVO has resulted in
PVD and significant reduction of ME and improvement of VA in 88 % of eyes [119].
These observations suggest a role for the cortical vitreous and PVD status in
BRVO. Future studies should explore whether pharmacologic vitreolysis could pro-
vide a useful adjunct to other forms of therapy for ME due to RVO.

Therapy
Surgical

The surgical management of vitreo-maculopathies is covered elsewhere in this
book. However, two aspects that deserve emphasis here are chromodissection and
reoperations.

Chromodissection

Chromodissection is a term that refers to the use of dyes to stain the ILM so as to
facilitate membrane peeling [120]. This technique is especially useful in macular
hole surgery [121], achieving a primary anatomic closure rate of 94 % using indo-
cyanine green (ICG) chromodissection and 89 % with trypan blue [122].
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ILM removal by chromodissection remains a controversial topic in macular
pucker (MP) surgery. The rationale for ILM removal relates to the high incidence of
vitreoschisis in MP and the risk of leaving a layer behind if ILM removal is not
performed. Further, removal of ILM may reduce the incidence of MP recurrence
due to removal of a scaffold that would enable cells to re-proliferate.

Reoperations of Macular Holes (MH) and Macular Pucker (MP)

Failure of MH surgery results from the incomplete peeling of the posterior vitreous
cortex, the presence of subclinical premacular membrane (PMM) causing a residual
traction at the hole, or inadequate gliosis [123, 124]. After initial successful closure,
there can also be reopening of an MH, sometimes even years later [122, 123, 125—
128]. The presence and progression of PMM formation has been correlated with
MH recurrence, the mechanism thought to be that the PMM exerts tangential trac-
tion causing foveal dehiscence [123, 124].

Macular edema (ME) is associated with a sevenfold increase in the reopening of
MH [129], with inflammatory fibrinolysis considered to be the causative process
[122, 128]. Post-vitrectomy cataracts occur in 76 % of cases after 2 years [130-
134], and cataract surgery after MH surgery has been associated with the reopening
of the hole within 6 months of cataract extraction [122, 125, 128]. The proposed
hypothesis for this event is the development of ME and/or PMM formation after
cataract surgery due to breakdown of the blood-retinal barrier introducing postop-
erative inflammatory mediators. In order to avoid these complications, some sur-
geons have elected to combine MH surgery with phacoemulsification [130-132].
Lastly, YAG capsulotomy of posterior capsular opacification has been implicated in
MH reformation [133], with the mechanism thought to be a perifoveal vitreous
contraction related to the laser pulse, although it is not clear how this could occur.

Reoperation for recurrent/persistent MH and MP is successful if the cause is
incomplete removal of the PMM. In this instance, ILM peeling with chromodissec-
tion can be performed with a number of stains such as ICG, trypan blue, triamcino-
lone acetonide, and Brilliant Blue G [67, 135-138]. In cases where adequate PMM
and ILM peeling have been performed in the central macula, it has been suggested
that more extensive ILM removal toward the vascular arcades may be an option
[139]. However, reoperations can at times be associated with profound loss of vision
[140]. Patients usually describe the sudden onset of a scotoma that occurs soon after
surgery. There is significant loss of visual acuity, an afferent pupillary defect (APD),
and altitudinal visual field loss. This presentation has been identified as resulting
from vitrectomy with membrane peeling that has injured the retinal nerve fiber
layer, resulting in an inner retinal optic neuropathy (IRON) [141]. Unlike AION, the
visual field loss in IRON is not altitudinal, and no disk edema is present [141].
Studies [141] have determined that the risk of IRON is markedly diminished if reop-
erations are undertaken at least 6 months after the initial surgery. This is presumably
due to the protection of the inner retina provided by resynthesis of the ILM, a pro-
cess that takes many months [142].
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Medical Management
Macular Edema (ME) in Retinal Vein Occlusion (RVO)

The current mainstay of treating ME from RVO is VEGF inhibition with ranibi-
zumab, bevacizumab, or aflibercept. Frequent injections are usually needed to show
benefit [ 143, 144], and rebound edema is sometimes worse than pretreatment edema
[145]. In addition, the possible neurotoxic effect of chronic pan-VEGF suppression
in an ischemic retina has raised concerns [146]. Other therapies have been advo-
cated such as laser-induced chorio-retinal anastomosis, retinal intravascular tPA
infusion, and surgery by radial optic neurotomy or arteriovenous sheathotomy
[147]. Considering the aforementioned putative role of vitreous in RVO, there may
be value in performing only vitrectomy with surgical induction of PVD or pharma-
cologic vitreolysis to induce PVD as an adjunct to the medical management of ME
from RVO.

Diabetic Macular Edema (DME)

DME is the leading cause of vision loss in patients with both types 1 and 2 diabetes.
Corticosteroids have been used to suppress inflammatory cell proliferation and
migration and block the upregulation and/or activity of many pro-inflammatory
cytokines involved in leukocyte stasis and breakdown of the blood-retinal barrier
[148], but there are complications that follow repeated steroid injections. VEGF
inhibition is an FDA-approved pharmacologic approach for the management of
DME. Studies using pegaptanib [149], ranibizumab [150, 151], and bevacizumab
[152] have demonstrated favorable clinical responses. It has recently been shown
that aflibercept is superior to ranibizumab, which is in turn superior to bevacizumab
in the treatment of DME [153].

Vitreous seems to play an important role in DME, both via VMA (see above) and
VMT [154, 155]. There is also evidence that even subclinical perifoveal vitreous
detachment may play a role in DME [156]. Thus, it would be reasonable to consider
that the induction of PVD by pharmacologic vitreolysis could provide a useful
adjunct to the medical therapy of DME.

Macular Edema in Age-Related Macular Degeneration (AMD)

Leakage from choroidal neovascularization (CNV) in neovascular age-related mac-
ular degeneration (AMD) results in intraretinal, as well as subretinal, fluid accumu-
lation [157-159]. Studies have found that in exudative AMD, decreased visual
acuity correlates with increased macular thickness [159, 160]. Anti-VEGF treat-
ment with intravitreous ranibizumab has resulted in significant reduction of central
retinal thickness (which includes both intraretinal and subretinal fluid components)
as early as 1 day after the first injection [160]. Clinical trials have shown a



6 Management of Macular Edema in Vitreo-Maculopathies 105

significant reduction in central retinal thickness and improvement in visual acuity
with anti-VEGF therapy [160]. It is important to note that reduction of macular
edema overlying the CNV is not always accompanied by visual gain, most likely
due to the atrophy of photoreceptors, loss of RPE, fibrotic scarring, and other irre-
versible alterations.

The importance of vitreous in the pathophysiology of exudative AMD was
described above. Vitreous also appears to play a role in the therapy of exudative
AMD [161]. In eyes with VMA, the attached posterior vitreous cortex might create
a barrier effect interfering with the influx of nutrients and oxygen to, as well as the
efflux of pro-angiogenic cytokines from, the macula [84]. A study in 110 eyes with
wet AMD but no VMA found that there was significant improvement in VA after
treatment with anti-VEGF injections (P <0.05) [162], while eyes with VMA did not
have a significant improvement. This was confirmed by another study [163] of 255
treatment-naive subjects, also finding that eyes with PVD improved with fewer
injections. Thus, inducing PVD may not only eliminate any contribution of vitreous
to the pathophysiology of exudative AMD but may be a way to enhance the phar-
macotherapy of AMD as well. This was recently achieved via pharmacologic vitre-
olysis using ocriplasmin in 100 patients with exudative AMD and VMA. Those
patients who achieved VMA resolution required fewer anti-VEGF injections [164].
These findings were recently confirmed by a study of p.r.n. dosing with ranibizumab
in 34 treatment-naive eyes with VMT, compared to 29 treatment-naive eyes without
VMT, as well as to other variable dosing studies (CATT, HARBOR, PrONTO,
SUSTAIN). The findings showed that after 1 year of treatment, eyes with VMT had
no significant improvement in visual acuity or central macular thickness, while eyes
without VMT had significant improvements in both, and the degree of improvement
was comparable to those of previous large studies [165].

Given the apparent role of vitreous in both the pathophysiology [166] and ther-
apy [84] of exudative AMD, there may be benefit in eliminating the contribution of
vitreous through adjunctive therapy to separate vitreous from the macula. While
this can be effectively achieved with vitrectomy, a less invasive approach is prefer-
able, such as with pharmacologic vitreolysis.

Pharmacologic Vitreolysis

Vitrectomy surgery is the mainstay of therapy to eliminate the role of vitreous in
various retinal diseases, but it is considerably invasive, expensive, and can lead to
complications [141, 167, 168]. Thus, alternative methods for the induction of PVD
have been investigated, in particular, pharmacologic vitreolysis [169]. To this end,
various agents have been tested over the past 20 years. According to their mecha-
nism of action, these agents can be categorized as “enzymatic” or ‘“nonezymatic.”
Enzymatic agents include tissue plasminogen activator (tPA) [170], plasmin [171],
microplasmin [172], nattokinase [173], chondroitinase [174], dispase [175], and
hyaluronidase [176]. Nonenzymatic agents include urea/Vitreosolve and arginine-
glycine-aspartate peptides [177].
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Table 1 Pharmacologic Liquefactants (agents that liquefy the gel vitreous)
vitreolysis classification

Nonspecific:
based on biologic action Onspectiic

tPA, plasmin, ocriplasmin, nattokinase, Vitreosolve®
Substrate specific:
Hyaluronidase
Interfactants (agents that weaken/lyse vitreo-retinal adhesion)
Nonspecific:
tPA, plasmin, ocriplasmin, nattokinase, Vitreosolve®
Substrate specific:
Dispase, chondroitinase, RGD-peptides®
Note: tPA, plasmin, ocriplasmin, nattokinase, and Vitreosolve are

believed to be liquefactants and interfactants
tPA tissue plasminogen activator

“Nonenzymatic agents

Recently, Sebag [177] proposed a classification system in which pharmacologic
vitreolysis agents are categorized based on their biologic effect: those that induce
vitreous liquefaction (liquefactants) and those that induce dehiscence at the vitreo-
retinal interface (interfactants). Table 1 classifies agents based on these biologic
activities. Of note is that there have been seven agents tested to date. Five projects
have failed or been disbanded, one agent is currently under continuing investigation,
and only one agent has been approved for clinical pharmacologic vitreolysis.

Tissue Plasminogen Activator (tPA)

tPA is a serine protease that converts plasminogen into plasmin, the main enzyme
responsible for blot clot lysis [178]. A randomized study [179] compared an intra-
vitreal injection of 25 pg tPA to balanced salt solution (BSS) in ten patients before
vitrectomy for proliferative diabetic vitreo-retinopathy. The use of tPA purportedly
resulted in disintegration of the vitreo-retinal interface by PVD, thus facilitating
vitrectomy without severe side effects [179]. In early studies the use of intravitreal
tPA injection to treat subretinal hemorrhage encountered complications such as vit-
reous hemorrhage related to the fibrinolytic activity of tPA, which has been a con-
cern [180, 181]. This is not frequent, however, and intraocular tPA is used routinely
to lyse and displace submacular hemorrhage [182].

Plasmin

This nonspecific protease plays an active role in biologic processes such as fibrino-
lysis, neovascularization, and the activation of enzymes such as matrix metallopro-
teinases [183, 184]. Plasmin acts directly on fibronectin and laminin, which are in
part responsible for adhesion between the posterior vitreous cortex and the ILM
[171, 185]. Plasmin has been used to induce PVD in several animal models [171,
183, 185-189]. Intravitreal plasmin injection before or during vitrectomy has been
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studied in case series for DME with an adherent thick posterior vitreous cortex
[190], macular holes [191, 192], proliferative diabetic retinopathy [193], diabetic
tractional retinal detachment [194], VMT syndromes [195], and retinopathy of pre-
maturity [196, 197]. Studies evaluating the use of plasmin during macular hole sur-
gery suggest that plasmin facilitates membrane peeling [191, 192, 198, 199],
especially in pediatric macular holes [197]. Other studies evaluated the use of plas-
min during vitrectomy in six patients with bilateral proliferative diabetic retinopa-
thy [193]. Surgical time was reduced (68 vs 89 min, p=0.04) and the incidence of
retinal tears (0 vs. 3 eyes) was lower in the plasmin group than untreated fellow
eyes, although there were no significant differences in vision outcomes [193].
Tsukhara et al. [196] successfully employed plasmin in six eyes with stage five
ROP, four with a closed-funnel retinal detachment.

The intraoperative use of plasmin in eyes with DME associated with posterior
vitreous cortex contraction found no significant difference in final retinal thick-
ness, but plasmin-treated eyes had significantly better visual acuity than controls
[190]. Another study evaluated the use of intravitreal plasmin as an adjunct to vit-
rectomy for 16 patients with refractory (to laser) DME [200]. One month post
injection, central macular thickness was reduced and visual acuity was signifi-
cantly increased in the plasmin-treated eyes [200]. The investigators concluded
that pharmacologic vitreolysis effectively reduces central macular thickness and
improves visual acuity in DME patients refractory to conventional laser treatment.
However, because plasmin is derived preoperatively from the patient’s blood by
affinity chromatography, followed by a complicated process of sterilization and
refrigeration before use [201], this technique is time consuming, cumbersome, and
difficult. Further, plasmin is not commercially available for clinical use, and the
enzyme activity is dependent on several variables. Thus, plasmin has not gained
widespread use [202].

Ocriplasmin

The development of recombinant ocriplasmin has solved many of the problems with
plasmin. Ocriplasmin contains only the enzymatic portion of the plasmin molecule
[203] and is thus smaller (28 vs. 80 KD) [204]. Research with experimental models
demonstrated that in both feline and human cadaver eyes there is dose- and time-
dependent cleavage between the posterior vitreous cortex and the ILM without
adverse effects on retinal structure [205]. Gandorfer et al. found that doses of 125 pg
(the current clinical dose) or more caused a complete PVD with bare ILM in human
eyes as demonstrated by electron microscopy. These findings were confirmed by
DeSmet et al. [206] in porcine eyes. Their findings were corroborated by Sakuma
et al. [172] in rabbit eyes using doses of ocriplasmin from 12.5 to 250 pg; although
doses of 125 pg of ocriplasmin or greater induced a complete PVD, lower doses
induced a partial PVD. Recently, Chen et al. [203] used immunofluorescent histo-
chemistry in rat eyes to determine that ocriplasmin causes degradation of fibronec-
tin and laminin not only at the vitreo-retinal interface but also at the photoreceptor
layer in the outer retina, a potentially untoward effect.
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Clinically, ocriplasmin has been found to induce PVD and vitreous liquefaction
without evidence of retinal toxicity [172]. In addition to salubrious mechanical
effects, there may be physiologic benefits to ocriplasmin pharmacologic vitreolysis.
Sebag et al. [207] reported that pharmacologic vitreolysis with ocriplasmin increases
vitreous diffusion coefficients as determined by dynamic light scattering. Another
study [208] showed that PVD induction by ocriplasmin increases oxygen levels in
the vitreous body, perhaps assisting in the management of ischemic retinopathies
with exudative maculopathy like DME and ME from RVOs (see above).

Pharmacologic vitreolysis [177, 209, 210] with ocriplasmin is now approved to
treat symptomatic VMA in the USA and VMT in Europe, specifically macular holes
based upon the results of phase III studies [211]. A recent review article by
Khoshnevis and Sebag [212] summarized the rationale and the therapeutic potential
of ocriplasmin in treating vitreo-retinal disorders. Based on post-approval analyses
of the phase III trials in Europe and the USA, the following criteria have been iden-
tified as favorable clinical characteristics: (1) female gender, (2) age less than 65
years old, (3) phakic lens status, (4) VMA <1500 pm in extent, (5) FTMH <400 pm
(best results <250 pm) in diameter, and (6) the absence of a premacular membrane
with macular pucker [211]. Thus, ocriplasmin represents a viable alternative
approach to surgery in selected cases.

Nattokinase

Nattokinase is a strong fibrinolytic agent that is derived from natto, a popular soy-
bean cheese in Japan [169, 173]. Nattokinase is a serine protease produced by
Bacillus subtilis (natto). It can be administered orally and is available in foods pre-
pared from soybeans. One study [173] injected nattokinase into rabbit eyes and
found that this induced complete PVD with a smooth ILM surface.

Chondroitinase

Chondroitinase is an enzyme complex that cleaves chondroitin-sulfate-containing gly-
cosaminoglycan (GAG) side chains of proteoglycan “core” molecules [213]. Since
GAGs play an important role at the vitreo-retinal interface, chondroitinase has the
potential to be a potent interfactant. Studies testing chondroitinase in human, primate,
and pig eyes showed that adhesion between the collagen/hyaluronan matrix of the pos-
terior vitreous cortex and the retina, optic disk, and lens was markedly reduced [214,
215]. Phase /Il FDA testing showed some evidence of efficacy; however, its develop-
ment has not been further pursued for several reasons, including cost [213, 216].

Vitreolysin™ (Purified Dispase)

Purified dispase (Vitreolysin™) is a protease produced by Paenibacillus polymyxa
that has been developed for the pharmacologic induction of PVD [217]. By
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degrading type IV collagen and fibronectin at the vitreo-retinal interface, this agent
cleaves posterior vitreous cortex attachment to the ILM. The low affinity of dispase
for type II collagen allows this agent to induce PVD without disrupting the macro-
molecular structure of the vitreous body. One study [218] injected dispase into
human and porcine cadaver eyes and after 15 min of incubation showed partial or
total PVD in the majority of the eyes. Microscopic examinations of retinal cell
viability were equivalent in dispase-treated and control eyes [218]. The investiga-
tors concluded that dispase might be useful in removing cortical vitreous at surgery.
Another study found that purified dispase was useful in PVD induction [219]. While
initially some studies reported harmful effects from dispase such as retinal hemor-
rhages, cataract, or lens subluxation [175, 220, 221], subsequent studies found that
purified dispase (Vitreolysin™) does not induce toxicity [217]. Human studies
investigating the efficacy and safety of pharmacologic vitreolysis with purified dis-
pase are still pending.

Hyaluronidase

Vitrase®, a highly purified bovine hyaluronidase [176, 222], acts on the glycosidic
bonds of hyaluronan (HA) and other mucopolysaccharides, causing liquefaction of
the vitreous gel [185]. Because HA does not play a role in maintaining vitreo-retinal
adhesion, Vitrase has no effect upon the vitreo-retinal interface. Thus, rather than
release vitreo-retinal adhesion, Vitrase could induce anomalous PVD (see above).
Consequently, phase III clinical trials to assess the efficacy of Vitrase in accelerating
the clearance of vitreous hemorrhage did not provide sufficient evidence to demon-
strate clinical efficacy, and the FDA did not approve this drug for pharmacologic
vitreolysis. The underlying reason for the failure of Vitrase is the fact that HA is not
important in maintaining vitreo-retinal adhesion, and thus, hyauronidase is not an
interfactant but only a liquefactant (Table 1) and does not weaken vitreo-retinal adhe-
sion [185, 223]. In diabetic patients with proliferative diabetic vitreo-retinopathy, this
will lead to persistent traction upon the neovascular complexes that have grown into
the posterior vitreous cortex and lead to recurrent vitreous hemorrhage and vision
loss. Because Vitrase has a high likelihood of inducing anomalous PVD, it should not
be used to clear vitreous hemorrhage except perhaps in the setting of existing PVD.
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Chapter 7
Medical Management of CME Associated
with Retinal Vascular Occlusions

Wolf Buehl and Ursula M. Schmidt-Erfurth

Introduction

The term “retinal vascular occlusion” covers two different disease entities: retinal
artery occlusion (RAO) and retinal vein occlusion (RVO). Depending on the site of
the occlusion, both disease types may be subdivided into two primary categories,
namely, occlusion of the central retinal vessel (central retinal artery occlusion
(CRAO) and central retinal vein occlusion (CRVO)) and occlusion of a peripheral
(branch) retinal vessel (branch retinal artery occlusion (BRAO) and branch retinal
vein occlusion (BRVO)) [1].

While retinal artery occlusion typically leads to sudden and irreversible vision
loss, retinal vein occlusion has a better prognosis and often shows a delayed onset
of clinical symptoms, mainly caused by the subsequent macular edema [2]. As cys-
toid macular edema (CME) rarely occurs in cases of retinal artery occlusion [3], this
chapter will focus on medical treatment of macular edema associated with central
or branch retinal vein occlusion (CRVO, BRVO).

BRVO occurs more commonly than CRVO. CRVO may be divided into ischemic
or nonischemic, whereby the nonischemic type usually has a better prognosis than
the ischemic. The visual acuity in untreated BRVO generally improves over time,
whereas it typically decreases over time in untreated CRVO eyes. About 5-15 % of
eyes with BRVO develop macular edema over 1 year, and the majority of patients
with CRVO have signs of macular edema at presentation. The natural history and
clinical course of vision and ocular complications differ between BRVO and CRVO
[4]. Although development of macular edema is common in BRVO eyes (around
10% in 1 year), about 18-40 % of cases with macular edema at baseline resolve
over time, and visual acuity may improve over time without intervention, with
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between 37 and 74 % of eyes showing a two-line improvement. In CRVO cases,
visual acuity at diagnosis is usually poor (<20/40) and decreases further over time.
Compared with nonischemic CRVO, ischemic CRVO is associated with lower mean
visual acuity both at diagnosis and during the follow-up periods. Macular edema is
frequently present at the time of CRVO diagnosis, which resolves in 30 % of non-
ischemic CRVO eyes and in up to 73 % of ischemic CRVO eyes in 15 months [4].

Treatment Options

During the past decades, diverse treatment methods have been developed for retinal
vein occlusion. Most therapies focus on eliminating the complications and vision-
disturbing effects of RVO which are mainly caused by macular edema.

Acute Therapy

Although this chapter focuses on medical treatment of macular edema associated with
RVO, it should be mentioned that because of the complex pathogenesis, treatment,
and prophylaxis of RVO, treatment is an interdisciplinary task. All patients with acute
RVO should be referred to an internal medicine specialist, and any underlying disease
should be diagnosed and treated, if necessary. Rheological therapy has been consid-
ered to be first-line treatment in acute RVO. Several specialists accept isovolemic
hemodilution as a first-line treatment within the first 8 weeks after RVO, as it increases
retinal perfusion and may prevent capillary closure and further retinal ischemia. The
therapy is usually well tolerated; side effects include headache, dyspnea, deep vein
thrombosis, and hypotension [5]. Nevertheless, patients have to be carefully selected
and should not have any severe cardiorespiratory or renal disease. Early treatment
seems to be important in order to reduce the risk of ischemic complications.

Other rheological substances that have been tested for treatment of BRVO
include troxerutin and pentoxifylline. The first is thought to improve microcircula-
tion in capillaries and venules by inhibiting erythrocyte and platelet aggregation
improving erythrocyte deformability [6]. Pentoxifylline leads to vessel dilation and
improves retinal blood flow [7]. Both substances have been used in the treatment of
peripheral (extremities) vein occlusions. However, the efficacy of these drugs in
patients with BRVO has not sufficiently been proven in prospective studies [2].

Treatment of Macular Edema

Based on the results of the branch retinal vein occlusion study (BVOS), laser pho-
tocoagulation had been the standard of care for treatment of macular edema associ-
ated with BRVO for several decades [8]. However, in many cases visual acuity does
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not increase significantly after laser photocoagulation, and its use is not recom-
mended in the first 3 months after the onset of BRVO. In contrast to BRVO, the
central vein occlusion study (CVOS) showed no benefit for grid laser photocoagula-
tion over no treatment in patients with macular edema secondary to CRVO at any
follow-up point [9]. Therefore, the standard of care for CRVO was observation until
the recent development of medical treatment options.

During the past decade, a number of new treatments for RVO-associated compli-
cations have been investigated and proven to be effective. In 2009, a dexamethasone
intravitreal implant (Ozurdex, Allergan, Inc., Irvine, CA, USA) was granted approval
for the treatment of macular edema following BRVO or CRVO in the Unites States
and the European Union based on two multicenter, double-blind, randomized studies
(GENEVA). Following dexamethasone, in 2010 ranibizumab (Lucentis, Genentech,
Inc., South San Francisco, CA, USA; Novartis Pharma AG, Basel, Switzerland) was
approved in the United States for the same indication on the basis of two multicenter,
randomized, double-masked clinical trials (BRAVO and CRUISE). Recently, afliber-
cept (Eylea, Regeneron Pharmaceuticals, Inc., Tarrytown, NY, USA; Bayer
HealthCare Pharmaceuticals, Berlin, Germany) has been granted approval for the
treatment of CRVO (2012) and BRVO (2014) on the basis of three multicenter, ran-
domized, double-masked clinical trials (COPERNICUS, GALILEO, and VIBRANT).

Corticosteroid Therapy

Corticosteroids lead to reduced permeability of the affected vessels and have an
anti-inflammatory and angiostatic effect, thereby reducing macular edema and the
associated chronic damage to photoreceptors [10].

Several studies have shown a positive effect of intravitreal injections of triam-
cinolone acetonide (IVTA) [2]. In vitro, corticosteroids also inhibit vascular endo-
thelial growth factor (VEGF) expression and may thus prevent neovascularization
and reduce the VEGF-mediated increase in retinal capillary permeability. However,
triamcinolone acetonide has not been approved for the treatment of any ocular dis-
ease and must therefore be used on an off-label basis only. Besides, the positive
effect of IVTA is usually temporary, and several re-treatments are necessary in most
cases to avoid reoccurrence of the macular edema and associated loss in visual acu-
ity. This in turn raises the risk for side effects of the treatment, mainly increased
intraocular pressure, cataract formation, and endophthalmitis [11-13]. Early treat-
ment seems to be important, because chronic macular edema often does not respond
well to the treatment with intravitreal steroids, or steroid treatment does not lead to
an increase in visual acuity. Unfortunately, most of the available clinical studies
were not randomized or did not distinguish between different types (ischemic/non-
ischemic) of BRVO or CRVO [2].

The standard care vs. corticosteroid for retinal vein occlusion (SCORE) study was
a multicenter, randomized phase III trial designed to assess the efficacy and safety of
standard care versus IVTA for the treatment of macular edema associated with CRVO
and BRVO. The SCORE BRVO study compared IVTA (1 and 4 mg) to standard of care
(prompt or deferred grid laser photocoagulation, depending on the presence of dense
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macular hemorrhage) in patients with macular edema secondary to BRVO [14]. The
study showed no advantage for IVTA over laser treatment. Rates of intraocular pres-
sure (IOP) rise and cataract progression were similar in the standard of care and 1 mg
IVTA groups and higher in the 4 mg IVTA group. In contrast to the SCORE BRVO
study, the SCORE CRVO study comparing IVTA (1 and 4 mg) to observation in
patients with macular edema secondary to CRVO showed superiority for IVTA treat-
ment in these patients [15]. IVTA-treated patients lost fewer letters than the observation
group, and a higher proportion of patients in the IVTA groups gained 15 letters from
baseline to 1 year. Again, rates of IOP changes and cataract progression were similar in
the observation and 1 mg IVTA groups and higher in the 4 mg IVTA group [16].

For a longer-lasting therapeutic effect, the implantation of a sustained-release,
intravitreal dexamethasone delivery system (DEX implant; OZURDEX®, Allergan,
Inc., Irvine, CA) has also been shown to be effective in the treatment of BRVO [17].
It was the first FDA-approved drug therapy for the treatment of macular edema fol-
lowing retinal vein occlusion. The side effects, mainly IOP rise, are similar to
repeated IVTA treatment. The phase IIIl GENEVA studies were two identical, mul-
ticenter, masked, randomized, 6-month, sham-controlled clinical trials (each of
which included patients with BRVO and patients with CRVO) comparing the DEX
implant (0.35 or 0.7 mg) with sham treatment, followed by an open-label 6-month
extension phase in which patients could receive a second DEX implant (0.7 mg)
based on best-corrected visual acuity (BCVA) and retinal thickness [18, 19]. The
studies showed a significantly higher mean VA improvement in the DEX groups
than in the sham group up to 3 months after each injection. Rates of elevated IOP
were overall higher in the DEX groups than in the sham group. Rates of cataracts
were not significantly different between the DEX and sham groups at 6 months.
However, at 12 months, patients who received two 0.7 mg DEX implants had a
higher rate of cataract progression compared with sham [16].

Positive effects on visual acuity have also been shown for retrobulbar injections of
triamcinolone; however, these were lower than after intravitreal application of cortico-
steroids, and there is no approved drug for retrobulbar application [2]. Besides, sys-
temic application of steroids has been reported to reduce macular edema and improve
visual acuity, but because of the possible side effects, it should only be considered for
younger patients with concurrent optic disc edema or with an inflammatory compo-
nent, especially in patients with systemic vasculitic disorder. However, currently there
are only reports on the effectiveness of systemic steroid therapy in patients with
CRVO, but no data regarding its usefulness in the treatment of BRVO [2].

Anti-VEGF Therapy

Retinal vein occlusion leads to increased expression of vascular endothelial growth
factors (VEGF) into the vitreous body, causing vascular hyperpermeability with
subsequent breakdown of the blood retina barrier and thus macular edema. VEGF
overexpression may also cause neovascularization, another important complication
of RVO. All currently available VEGF inhibitors (bevacizumab, pegaptanib,
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ranibizumab, aflibercept) have been applied successfully in the treatment of RVO,
and two of them (ranibizumab, aflibercept) have gained approval based on several
large randomized controlled trials. In contrast, there are only few randomized con-
trolled studies on the (off-label) use of bevacizumab in RVO.

Bevacizumab (Avastin®)

Bevacizumab (Avastin®; Genentech Inc., San Francisco, CA, USA, and Roche
Pharmaceuticals, Basel, Switzerland) is a recombinant humanized monoclonal anti-
body that blocks angiogenesis by inhibiting vascular endothelial growth factor A
(VEGF-A). Bevacizumab was approved by the US Food and Drug Administration
(FDA) for certain metastatic cancers. Although it has no approval for the treatment
of any eye disorder, it has successfully been used in the treatment of several ocular
diseases, including RVO [2].

In 2012, Epstein and colleagues evaluated intravitreal bevacizumab in CRVO
[20]. Patients received either intravitreal bevacizumab 1.25 mg or sham injection
every 6 weeks over a period of 6 months. After this, an open-label extension followed
during which all patients received bevacizumab 1.25 mg every 6 weeks. Each group
comprised 30 patients, who showed symptoms of CRVO. CRVO patients treated
with bevacizumab every 6 weeks from baseline gained +16.1 letters, compared to
+4.6 letters in those treated with sham injections followed by bevacizumab (p <0.05).
The percentage of BCVA gain of more than 15 letters was 60 % (bevacizumab) vs.
33.3 % (sham/bevacizumab), respectively (p <0.05). The authors reported no case of
endophthalmitis, or retinal tear/detachment in both groups. In the sham group, 16.7 %
developed neovascularization of the iris (NVI), compared to none in the bevaci-
zumab group. By month 12, no new development of NVI was found in both groups.
Furthermore, in all previous NVI cases, neovascularization regressed completely
after treatment changed from sham to bevacizumab 1.25 mg. There were no serious
non-ocular adverse effects. However, one patient from the sham/bevacizumab group
suffered from a transient ischemic attack and dropped out of the study [21].

Russo et al. compared intravitreal bevacizumab 1.25 mg based on an as-needed
(pro-re-nata, PRN) treatment scheme versus grid laser photocoagulation in 30
patients with BRVO over 12 months [22]. Inclusion criterion was duration of macu-
lar edema of at least 3 months. They found a change in BCVA of +15.5 letters in
bevacizumab-treated patients and +10 letters in grid laser photocoagulation
(»<0.05) after a mean number of 1.7 intravitreal bevacizumab injections and 1.5
grid applications. No adverse events occurred during the study [21].

Pegaptanib Sodium (Macugen®)
Pegaptanib sodium (Macugen®; EyetechPharmaceuticals and Pfizer Inc., New York,

NY, USA) is a VEGF aptamer (a single strand of nucleic acid) that specifically binds
to the 165 isoform of VEGF. It gained FDA approval for the treatment of neovascular
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AMD in 2004. There are only few (mostly non-randomized) clinical trials assessing
the efficacy of pegaptanib sodium for the treatment of macular edema associated
with CRVO or BRVO [23]. However, pegaptanib sodium has not been approved for
treating RVO and plays a minor role since approval of ranibizumab and aflibercept
and because of the availability of bevacizumab at lower costs. Moreover, all of the
other agents show a higher affinity to VEGF-A than pegaptanib sodium [24].

Ranibizumab (Lucentis®)

Ranibizumab (Lucentis®; Genentech Inc., San Francisco, CA, USA, and Novartis
Pharma AG, Basel, Switzerland) is a humanized, affinity-matured VEGF antibody
fragment that binds to and neutralizes all isoforms of VEGF. The BRAVO (branch
retinal vein occlusion) and CRUISE (central retinal vein occlusion) studies were
large randomized phase III trials for the approval of ranibizumab for the treatment
of macular edema secondary to RVO [25, 26]. Patients with macular edema second-
ary to BRVO or CRVO were randomized 1:1:1 to receive 6-monthly intravitreal
injections of ranibizumab 0.3 mg, ranibizumab 0.5 mg, or sham, followed by a
6-month PRN phase, during which all patients could receive ranibizumab treatment.
In the BRAVO study, patients could receive rescue laser treatment once during the
treatment period and once during the observation period if prespecified criteria were
met. In both studies, ranibizumab treatment was associated with significant improve-
ments in BCVA, which were sustained over 12 months of treatment. In the BRAVO
study, the mean increase in BCVA from baseline at month 6 was +18.3 letters in the
ranibizumab 0.5 mg group compared with +7.3 letters in the sham group (p <0.0001).
At month 12, mean BCVA improvements were +18.3 letters for ranibizumab 0.5 mg
versus +12.1 letters with delayed treatment (p <0.01) [27]. In the CRUISE study, the
mean increase in BCVA at 6 months was +14.9 letters in the ranibizumab 0.5 mg
group compared with +0.8 letters in the sham group (p<0.0001). At month 12,
mean BCVA improvements were +13.9 letters with ranibizumab 0.5 mg and +7.3
letters with delayed treatment (p <0.001) [27].

In both studies, ranibizumab-treated eyes showed a significantly greater mean
reduction in central foveal thickness (CFT). At month 6 of the BRAVO study, the
mean CFT reduction was —345.2 pm with ranibizumab 0.5 mg and —157.7 um with
sham (p<0.0001). This reduction was sustained to month 12 with ranibizumab
0.5 mg (-347.4 pm) compared with a reduction of —273.7 pm in the delayed treat-
ment group (p<0.05). Similarly, at month 6 of the CRUISE study, mean reductions
in CFT of —452.3 pm and —167.7 pm were observed with ranibizumab 0.5 mg and
sham, respectively (» <0.0001). At month 12, the mean CFT reduction was —462.1 pym
with ranibizumab 0.5 mg compared with —427.2 pm with delayed treatment [27].

Ranibizumab was generally well tolerated. In the BRAVO study, 6.2 % of patients
in the ranibizumab 0.5 mg group, 2.6 % after delayed treatment, and 3.1 % in the
first 6 months of the sham group developed a cataract. There was one incidence of
endophthalmitis in the ranibizumab 0.5 mg group. Six serious adverse events (SAE)
potentially related to VEGF inhibition were reported with ranibizumab 0.5 mg
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(hemorrhagic stroke, acute myocardial infarction, unstable angina, hypertension,
non-ocular hemorrhage and intestinal perforation). In the delayed treatment group,
there was one SAE (hemorrhagic stroke) up to month 6 and two SAEs (acute myo-
cardial infarction and hypertension) during months 6—12. In the CRUISE study,
7.0 % of patients treated with ranibizumab 0.5 mg, 1.8 % in the delayed treatment
group, and no patient in the sham group developed a cataract. There were no cases
of endophthalmitis in any treatment group. However, there were four SAEs possibly
related to VEGF inhibition in the 0.5 mg group (ischemic stroke, transient ischemic
attack, myocardial infarction, and angina pectoris). In the delayed treatment group,
there were two SAEs (myocardial infarction and hypertension) [27].

Patients completing the BRAVO and CRUISE trials were eligible for the open-
label HORIZON cohort 2 study [28]. One-year results (corresponding to 2 years of
treatment) showed that PRN ranibizumab dosing was adequate to maintain visual
acuity gains in patients with BRVO. Improvements of 17.5 letters and 15.6 letters
from BRAVO baseline were observed for patients initially randomized to ranibi-
zumab 0.5 mg and sham, respectively. Although some loss of efficacy was observed
in patients with CRVO, there was an overall improvement of 12.0 letters and 7.6
letters, respectively, from the CRUISE baseline for patients initially randomized to
ranibizumab 0.5 mg and sham. The negative effect of delayed treatment was reduced
in BRVO patients over the 12-month period, possibly because of the availability of
rescue laser photocoagulation from month 3 in the BRAVO study. During the entire
24-month study period, increased intraocular pressure was reported for two patients
with BRVO and one patient with CRVO. There were no cases of traumatic cataract.
Two patients with CRVO experienced endophthalmitis [27].

The ongoing 2-year CRYSTAL and BRIGHTER studies evaluate the efficacy
and safety of ranibizumab for macular edema secondary to CRVO and BRVO based
on an individualized stability criteria-driven PRN scheme after a loading phase of
three consecutive monthly injections, as per the EU label of ranibizumab for
RVO. The 6-month (for BRVO) and 12-month (for CRVO) primary endpoints
demonstrated a mean BCVA gain of 14.4 letters for BRVO and of 12.3 letters for
CRVO (Mones J, ARVO 2014). No new safety signs were reported.

Aflibercept (Eylea®)

Aflibercept (Eylea®; Regeneron Pharmaceuticals Inc., Tarrytown, New York, and
Bayer Healthcare, Berlin, Germany) is a fully human, recombinant fusion protein
that targets VEGF-A, VEGF-B, and placental growth factor. Aflibercept binds all
isoforms of VEGF-A with a higher affinity than that of ranibizumab. Aflibercept has
been investigated in patients with CRVO in the controlled, phase IIIl COPERNICUS
and GALILEO trials [29, 30]. In the COPERNICUS study, 189 patients with CRVO
were included and received intravitreal aflibercept 2 mg (aflibercept group) com-
pared to sham treatment (sham/aflibercept group) monthly at a randomization ratio
of 2:1 during the first 6 months followed by PRN treatment of intravitreal aflibercept
2 mg in all patients. Primary endpoint was the proportion of patients with an
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improvement of BCVA >15 letters. CRVO patients in the aflibercept 2 mg group
gained +16.2 letters at month 12, compared to +3.8 letters in the sham/aflibercept
group (p<0.001). The percentage of patients with a gain of more than 15 letters was
55.3 % (aflibercept) and 30.1 % (sham/aflibercept), respectively (p<0.001). After 5.8
aflibercept injections until month 6, visual acuity was stabilized with an additional
2.7 injections during PRN. In the control group, patients with a mean of 5.3 sham
injections in the beginning received a mean of 3.9 injections of aflibercept 2 mg until
month 12. The most common adverse events for both groups were conjunctival hem-
orrhage, eye pain, reduced visual acuity, and increased intraocular pressure. The inci-
dence of systemic adverse events did not differ significantly between groups [21].

In the GALILEO study, a total of 177 treatment-naive patients with macular
edema secondary to CRVO were randomized in a 3:2 ratio to receive either 2-mg
intravitreal aflibercept or sham injections every 4 weeks for 20 weeks. From week
24 to 48, the aflibercept group received aflibercept as needed (PRN), and the sham
group continued receiving sham injections. The primary efficacy endpoint was the
proportion of patients who gained 15 letters or more in BCVA. At week 52, the
mean percentage of patients gaining 15 letters or more was 60.2 % in the aflibercept
group and 32.4 % in the sham group (p<0.001). Aflibercept patients, compared
with sham patients, had a significantly higher mean improvement in BCVA (+16.9
letters vs. +3.8 letters, respectively) and reduction in central retinal thickness
(—423.5 pmvs. -219.3 pm, respectively) at week 52 (p <0.0001 for both). Aflibercept
patients received a mean of 2.5 injections during PRN dosing. The most common
ocular adverse events in the aflibercept group were related to the injection proce-
dure or the underlying disease and included macular edema (33.7 %), increased
intraocular pressure (17.3 %), and eye pain (14.4 %) [21].

The VIBRANT study was a double-masked, active-controlled, randomized,
phase III trial to compare the efficacy and safety of intravitreal aflibercept injection
with macular grid laser photocoagulation for the treatment of macular edema after
BRVO [31]. Treatment-naive eyes with macular edema after BRVO were included
in the study if the occlusion occurred within 12 months, and BCVA was between
<73 and >24 early treatment diabetic retinopathy study (ETDRS) letters (20/40-
20/320 Snellen equivalent). Eyes (1 eye per patient) received either intravitreal
aflibercept 2 mg every 4 weeks from baseline to week 20 or grid laser at baseline
with a single-grid laser rescue treatment, if needed, from weeks 12 to 20. The pro-
portion of eyes that gained >15 ETDRS letters from baseline at week 24 was 52.7 %
in the aflibercept group compared with 26.7 % in the laser group (p=0.0003). The
mean improvement from baseline BCVA at week 24 was 17.0 ETDRS letters in the
aflibercept group and 6.9 ETDRS letters in the laser group (p<0.0001). The mean
reduction in central retinal thickness (CRT) from baseline at week 24 was 280.5 pm
in the aflibercept group and 128.0 pum in the laser group (p<0.0001). Traumatic
cataract in an intravitreal aflibercept patient was the only ocular SAE that occurred.
There were no cases of intraocular inflammation or endophthalmitis. The incidence
of non-ocular SAEs was 8.8 % in the aflibercept group and 9.8 % in the laser group.
One event of nonfatal stroke (1.1 %) and 1 death (1.1 %) due to pneumonia occurred
during the 24 weeks of the study, both in patients in the laser group. Monthly
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intravitreal aflibercept injections provided significantly greater visual benefit and
reduction in CRT at 24 weeks than grid laser photocoagulation in eyes with macular
edema after BRVO [31].

Treatment Recommendations

Similar to the treatment of AMD, the introduction of anti-VEGF therapy has revo-
lutionized the treatment of macular edema related to retinal vascular occlusion.
Ranibizumab and aflibercept are indicated for the treatment of visual impairment
due to macular edema secondary to BRVO or CRVO. Both have been shown to be
highly effective in the treatment of RVO. Bevacizumab seems to have a comparable
effect in the treatment of RVO; however, it has not been approved for the treatment
of any ocular disease. Pegaptanib sodium was also shown to be effective, but has
also not been approved for the treatment of macular edema secondary to
RVO. Because of the favorable risk-benefit ratio of intravitreal anti-VEGF therapy,
also compared to corticosteroid therapy, it should be considered as first-line therapy
for the treatment of macular edema in RVO.

The correlation between the duration of macular edema and poorer visual out-
comes in patients with RVO suggests that prompt initiation of treatment is benefi-
cial. Although spontaneous resolution of macular edema is seen in some patients, it
is difficult to predict the prognosis for patients with BRVO in the acute phase of the
disease. Patients with untreated, symptomatic BRVO presenting with poor VA
(baseline VA ranging from 20/40 to 20/200) may experience some VA improvement
over time; however, vision rarely improves beyond 20/40 [27]. In the BRAVO and
CRUISE studies, significant improvements in BCVA were observed as early as 7
days after the first ranibizumab injection [25, 26]. Delaying ranibizumab treatment
by 3 months (retinal vein occlusion) or 6 months (BRAVO and CRUISE) resulted in
slower overall anatomical improvements and lower improvements in BCVA at
month 12. Reduced VA is a generally accepted indicator of visual impairment and
the measure employed to indicate when ranibizumab treatment should commence.
Although 20/40 has often been used as a threshold for VA impairment in clinical
trials, many ophthalmologists would consider this too low [27]. There are different
approaches to initiating treatment, ranging from immediate treatment to treatment
after 1-3 months of observation so as not to treat transient decrease of vision associ-
ated with some forms of RVO. Although intravitreal therapy is not without risk, its
risks may be negligible compared with delayed recovery and potential permanent
damage from delaying treatment. Early treatment is recommended for patients with
CRVO. In cases of BRVO in which VA is marginally affected, the benefit of obser-
vation versus early treatment should be thoroughly discussed with the patient. In
general, early treatment is recommended to optimize long-term VA benefits [27].
The physician’s own judgment may better determine which extent of VA loss or
visual function loss is significant to the individual patient to commence treatment.
There is no level of VA for which treatment is contraindicated as a rule; even patients
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Fig. 1 Left to right: Fundus photographs, fluorescein angiography (FA) images, and optical coher-
ence tomography (OCT) images of a patient with central retinal vein occlusion (CRVO) at baseline
(top) and 2 years later after repeated intravitreal ranibizumab therapy (bottom)

with normal VA could present with significant impairment of contrast sensitivity or
visual field. Therefore, although VA may be the leading indicator for treatment with
ranibizumab in patients with RVO, other functional parameters may be useful on a
patient-by-patient basis to finally determine the need for treatment [27].

Ranibizumab and aflibercept are recommended in the United States to be given
as monthly intravitreal injections. However, it has been shown that in routine clini-
cal practice, both therapies are not used as recommended by the manufacturers [32].
In accordance with the approved labels in the EU, ranibizumab or aflibercept treat-
ment should be initiated with monthly injections and continued until the patient’s
VA is stable for three consecutive monthly assessments performed while on
treatment. Evidence for this individualized stability-driven treatment regimen has
been provided by the CRYSTAL and BRIGHTER studies (see Figs. 1, 2, and 3).

OCT permits detailed assessment and quantification of the degree and type of
edema and is essential to determine whether visual impairment in patients with
RVO is caused by macular edema. If patients do not experience any improvement in
BCVA for the initial 3-monthly assessments while on treatment, continued treat-
ment is not recommended. The attainment of stable VA for three consecutive months
while on treatment (at least three injections when treatment is initiated and a mini-
mum of two injections if treatment is restarted) is considered sufficient for a tempo-
rary interruption of treatment. Patients should continue to undergo monthly
monitoring of VA. Monthly treatment is reinitiated when a loss of VA resulting from
macular edema secondary to RVO is observed. No threshold for VA loss to trigger
retreatment has been defined. OCT should be performed to determine the extent of
macular edema; if VA has not changed but OCT clearly shows worsening, treatment
may be considered on an individual basis [27].

When treating newly diagnosed RVO, physicians should be aware of common
risk factors, to follow good clinical practice and refer patients to the appropriate
specialist if necessary. Physicians should be aware of signs of rubeosis during
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Fig. 2 Left to right: FA images and OCT images of a patient with recurrent macular edema after
central retinal vein occlusion (CRVO) before (fop) and 3 months later after 3 x intravitreal ranibi-
zumab therapy (bottom)

Fig. 3 Left to right: FA images and OCT images of a patient with branch retinal vein occlusion
(BRVO) at baseline (top) and 3 months later after 3 X intravitreal ranibizumab therapy (bottom)
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Fig. 4 Left to right: Fundus photographs, FA images, and OCT images of a patient with ischemic
branch retinal vein occlusion (BRVO) at baseline (fop) and 3 months later after 3 xintravitreal
ranibizumab therapy (bottom)

follow-up of all RVO cases, particularly CRVO. The role of anti-VEGF therapy in
the prevention and management of rubeosis is still unclear and requires further
study. In the BRAVO and CRUISE studies, no patients from the BRAVO and only
two patients from the CRUISE study met the generally accepted definition for isch-
emic RVO (>10 disc areas of capillary non-perfusion) [25, 26].

Concerning macular ischemia, physicians are generally cautious to recommend
anti-VEGF therapy for patients presenting with ischemic visual loss because of the
limited availability of phase III trial data in this patient population. At present, phy-
sicians should use their own judgment in patients with macular ischemia affecting
the fovea as to whether any functional improvement might be achieved with anti-
VEGEF treatment. However, the primary endpoint data of the CRYSTAL and
BRIGHTER studies provided evidence for similar functional efficacy of ranibi-
zumab regardless of the status of macular ischemia at baseline (Ref. Mones J,
ARVO 2015) (see Fig. 4). Fluorescein angiography may be performed during fol-
low-up of these patients to evaluate any progression of ischemia, but is not consid-
ered essential [27].

The extent of peripheral ischemia in RVO may be the driving force in recurrent
edema after intravitreal injections by affecting the levels of intravitreal VEGF and,
in turn, modulating the severity of macular edema and its response to therapy.
Surprisingly, patients with a greater extent of retinal non-perfusion on presentation
were more likely to experience a greater improvement in macular edema and visual
acuity in a study by Singer et al. [33]. The authors also showed that the level of non-
perfusion changes dynamically in response to intravitreal anti-VEGF or dexametha-
sone treatment and correlates with the severity of edema and visual acuity loss.

There is still a lack of prospective, randomized head-to-head trials comparing the
efficacy of ranibizumab and aflibercept and the sustained-release dexamethasone
(DEX) implant in patients with RVO. A systematic literature review published by
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Pielen et al. compared anti-VEGF agents (ranibizumab, bevacizumab, aflibercept)
versus steroids (triamcinolone and Ozurdex) for macular edema in RVO [21]. All
anti-VEGF agents showed a better visual acuity gain compared to steroids at month
12. The downside was that anti-VEGF therapy requires more frequent injections
(around eight injections per year, compared to two injections in the steroid group).
However, IOP increase and cataract progression are significantly higher in the
patients treated with steroids compared to patients treated with anti-VEGF agents.
These are substantial drawbacks for using steroids to treat macular edema in
RVO. On the other hand, many affected patients may already be pseudophakic, and
in these, the use of intraocular steroids may be reasonable [34]. Steroids may also
have a place in the treatment pathway of patients who have failed on anti-VEGF
therapy. Besides, the DEX implant may also be of value in vitrectomized eyes,
where anti-VEGFs have shown significantly reduced half-life compared to non-
vitrectomized eyes in previous reports [35], although some authors argue there is no
difference [36].

Head-to-head trials comparing different anti-VEGF drugs are available for other
conditions: Two similarly designed trials compared ranibizumab and aflibercept for
the treatment of exudative age-related macular degeneration (VIEW 1 and 2) [37].
Similar efficacy and safety was found in both drugs. Aflibercept, compared with
ranibizumab and bevacizumab, targets a wider range of cytokines and may have a
stronger binding affinity [38]. Results suggested that aflibercept would require
injections only every 8 weeks, which is fewer than ranibizumab, although ranibi-
zumab was not tested every 8 weeks in VIEW. This was reflected in the FDA
Dermatologic and Ophthalmic Drugs Advisory Committee recommendation that
aflibercept should be given every 2 months following three initial monthly doses in
neovascular age-related macular degeneration. Aflibercept also appeared to last lon-
ger in the eye than ranibizumab [39]. Age-related macular degeneration is a more
aggressive condition than RVO, and so it is unlikely that more frequent dosing
would be needed in RVO. Therefore, aflibercept may be preferred because it would
reduce pressure on outpatient clinics [34]. Furthermore, there is some evidence
from patients with age-related macular degeneration that aflibercept may be effec-
tive in patients who have not responded to ranibizumab [40, 41]. This may be due to
the higher affinity and wider number of cytokines that are targeted. There is no
reason to suspect that these effects are any different for the macular edema caused
by RVO. However, there is as yet no evidence as to whether ranibizumab would be
effective after aflibercept has failed [34].

There is little evidence that combining grid macular laser photocoagulation with
anti-VEGF treatment provides additional clinical benefit for patients with visual
impairment resulting from macular edema secondary to BRVO or CRVO [27, 42].
The randomized BRIGHTER study demonstrated similar functional efficacy for
ranibizumab monotherapy versus ranibizumab combined with grid laser at the 6
months primary endpoint. Grid laser may lead to a reduced need for anti-VEGF
injections; however, no prospective data are available as of yet. On the other hand,
it has not been proven that anti-VEGF therapy may also treat peripheral ischemia.
At present, anti-VEGF therapy should therefore be considered as supplemental
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therapy rather than replacement therapy in such cases. Some physicians recommend
focal or pan-retinal laser photocoagulation in combination with anti-VEGF therapy
for the treatment of ischemic retinal areas (for peripheral ischemia, most ophthal-
mologists consider a degree of ischemia of five disc diameters in BRVO and ten disc
diameters in CRVO as significant). The rationale for this approach is to decrease the
amount of VEGF by reducing the ischemic trigger. Although this approach seems
logical, recent studies showed no benefit of laser treatment or combined treatment
over anti-VEGF therapy in chronic RVO cases [42]. Furthermore, laser therapy
should not be performed before initiation of intravitreal therapy because this may
worsen macular edema [27].

Summary

Several studies have shown that intravitreal therapy with anti-VEGF medication or
corticosteroids is currently the most effective medical treatment option for macular
edema associated with retinal vascular occlusion (RVO). However, criteria for the
retreatment of macular edema in RVO have yet to be defined, and there are currently
no established protocols for long-term management of these patients. Most special-
ists currently favor an as-needed (PRN) or treat-and-extend treatment regimen after
the initial, monthly anti-VEGF loading dose. Studies have yet to compare the long-
term effectiveness and safety of repeated intravitreal anti-VEGF and/or corticoste-
roid injection regimens for treatment of RVO. In the extension studies of the large
phase III trials for approval of ranibizumab and aflibercept, response to treatment
varied considerably among patients with RVO. It appears that after the first year
with monthly injections, one anti-VEGF injection every 3 months may be adequate
to treat many patients with BRVO, but most patients with CRVO seem to require
more frequent monitoring and treatment. The currently accepted (PRN) treatment
regimen for anti-VEGF therapy in RVO aims at treating patients when they can
benefit the most while minimizing the number of unnecessary intravitreal injections
and hence the risk of side effects.

Similar to the treatment of exudative age-related macular degeneration, the use
of aflibercept may allow for longer treatment intervals compared to ranibizumab or
bevacizumab. Especially in chronic cases and nonresponders to anti-VEGF treat-
ment, the continuous release of medication by the sustained-release dexamethasone
(DEX) implant facilitates a stable level of drug within the eye, precluding the need
for multiple repeated injections of other medications. Although its use is associated
with significantly more side effects (especially cataract progression and IOP
increase), as-needed treatment with the DEX implant typically results in only 2 or 3
injections per year, which is much less than that required with anti-VEGF therapy,
therefore reducing other risks of repeated intravitreal injections. Hence, sustained-
release corticosteroid therapy may be a valuable alternative treatment for patients
with chronic macular edema after retinal vascular occlusion.

Further prospective trials are needed to compare long-term efficacy and adverse
effects of both anti-VEGF and corticosteroid therapy. There is also a lack of evidence
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for the use of combination therapies for the treatment of RVO. Even supplemental
laser coagulation has to be questioned since prospective randomized studies showed
no advantage of combined anti-VEGF and laser therapy over anti-VEGF mono
therapy in chronic cases. Head-to-head comparisons of the currently approved ther-
apies are still ongoing and hopefully will aid in choosing the best medical option for
treatment of macular edema secondary to retinal vascular occlusion.
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Chapter 8
Cystoid Macular Edema in Retained Lens
Fragments After Cataract Surgery

Motasem Al-latayfeh

Introduction

Cystoid macular edema is a well-known complication of retained lens fragments
after cataract surgery. It occurs in 11-28 % of cases [1, 2]. It is one of the causes of
visual loss after uneventful cataract surgery also. It has been reported to occur in
2-3 % after phacoemulsification [3-5]. Retained lens fragment (RLF) is a serious
event in cataract surgery that occurs in about 1% of cases. It frequently requires
both medical and surgical intervention to minimize complications and visual loss.
In this chapter, we will discuss the pathophysiology of CME in RLF and proper
medical and surgical management.

Incidence and Etiology

RLF is an uncommon complication of cataract surgery. It has been reported to occur
in 0.18-1.1 % of cases [6—8]. Certain factors affect the incidence of RLF including
the surgical technique that has been used to remove the cataractous lens (extracap-
sular extraction vs. phacoemulsification), surgeon’s experience, type of cataract
such as posterior polar cataract, and hard nucleus [6, 9—11].

The size and nature of the dropped lens varies depending on the stage during
phacoemulsification when the posterior capsule rupture (PCR) occurs. It may vary
from a dropped whole nucleus if PCR occurred during initial hydrodissection, to
only soft cortical matter if PCR occurred later during irrigation aspiration. The size
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and the nature of the dropped lens pieces will affect the level of induced inflamma-
tion, the potential complications, and the management plan.

CME has been reported to occur in 11-28 % of RLF and is a major reason for
reduced visual acuity [1, 2] although CME is well known to occur even after
uneventful phacoemulsification [12]. It is believed that the inflammatory media-
tors released in response to cataract surgery play a major role in the formation of
CME [13].

Pathophysiology of Lens-Induced Immune Response

The anterior chamber of the eye is immunologically privileged, and lens proteins
are sequestered from the host immune system by the lens capsule [14]. However,
recently it has been shown that crystallin lens proteins are present within the ante-
rior chamber [15] in other ocular tissues and in serum [16]. Nevertheless, the
immune system is normally tolerant to lens crystallins via various immunoregula-
tory mechanisms [14, 17]. However, tolerance to these proteins is abrogated by
inflammatory mediators released during cataract surgery [ 18] that induces an imme-
diate autoimmune reaction [18-20]. An intense immune reaction ensues, involving
macrophages, that breaches the blood retinal barrier resulting in cystoid macular
edema (CME) [21, 22]. Rupture of the anterior vitreous face may contribute to the
development of CME [23, 24].

Clinical Presentation

Patients with RLF present postoperatively with reduced visual acuity from several
possible causes — anterior uveitis, elevated intraocular pressure, corneal edema, and
CME [1, 2, 5, 10, 25-29]. Clinically significant CME may occur immediately after
surgery or within several weeks, although 80 % of patients show spontaneous reso-
lution [30].

Clinical examination will reveal intraocular inflammation with lens fragments
floating in the vitreous cavity or lying on the retinal surface. Fundus fluorescein
angiography will frequently show a typical petalloid pattern although optical coher-
ence tomography is most helpful in demonstrating the anatomical presence of CME
with multiple intraretinal cysts [31-33]. Retinal detachment has been reported to be
present in 3.8-45 % of cases, most frequently secondary to unsuccessful attempts by
the cataract surgeon to recover the dislocated fragments [34—37]. Among other
complications are retained lens fragments in the anterior chamber, as well as poste-
rior to the iris presenting as an iris mass [39—41].
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Management of CME Secondary to RLF

Medical Management

Medical treatment of CME may include the use of topical nonsteroidal anti-inflammatory
drugs (NSAIDs) or corticosteroids [44]. Prophylactic use of NSAID agents has been
shown to be effective in reducing the incidence of pseudophakic CME [42, 43].
However, since intraocular inflammation is the major cause of RLF, CME aggressive
corticosteroid therapy is important both topically and systemically [44].However, surgi-
cal removal of the dislocated lens fragments via pars plana vitrectomy will remove the
inciting proteins and lens fragments, as well as quell the inflammation.

Surgical Management

Dislocation of lens fragments during cataract surgery can be the result of several
factors — a hard nucleus, posterior polar cataract, weak zonules (as in pseudoexfolia-
tion or various genetic syndromes [Marfans, Ehlers-Danlos]), high myopia, but is
most frequently associated with a poorly dilated pupil. In difficult cases, the surgeon
may need to stabilize the lens capsule and detect/manage posterior capsular tears if
they occur during the operation.

The main goals of intraoperative management is to maintain anterior chamber
depth, prevent vitreous prolapse, avoid dislocation of lens material into the vitreous
cavity, and finish the case as safely and quickly as possible with or without intraocu-
lar lens implantation [45—48].

From a vitreoretinal perspective, the anterior segment surgeon should minimize
the manipulation of posteriorly dislocated lens fragments in the vitreous cavity to
avoid the creation of vitreous traction resulting in retinal tears, detachment, and/or
vitreous hemorrhage.

Conservative Management Versus Pars Plana Vitrectomy

The ultimate goal in the management of RLF cases is to ensure a good visual out-
come. Pars plana vitrectomy surgery has been shown to be effective in resolution of
corneal edema, control of intraocular pressure, and preservation of good vision [9,
10, 26]. In 2009, Barr and Schaal reported a retrospective case series of 42 patients
divided into three groups: group 1 (12 patients) had early vitrectomy (<1 week),
group 2 (15 patients) late vitrectomy (>1 week), and group 3 (15 patients) only
medical treatment. At 1 year, there was no statistically significant difference in final
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visual acuity between the three groups (group 1, 20/25; group 2, 20/28; group 3,
20/38, p=0.52) or intraocular pressure [1].

Although there are no established guidelines to determine when to treat cases
conservatively, their results suggested that if there isn’t a rapid response to medical
therapy, vitrectomy surgery should be performed.

Other reports also did not find any relationship between timing of vitrectomy and
final visual outcome [34, 35, 49-54].

The most important factor in determining the timing of vitrectomy surgery is the
severity of the intraocular inflammation — mild intraocular inflammation may be
managed initially by topical or systemic therapy. Persistent inflammation, worsen-
ing of visual acuity, increasing intraocular pressure, and severe ocular pain are indi-
cations for early vitrectomy.

Technique of Pars Plana Vitrectomy

The most common technique reported by retinal surgeons to remove residual lens
matter is three-port 20-gauge pars plana vitrectomy. They allow use of the ultra-
sonic fragmatome if necessary to remove large nuclear fragments from the vitreous
cavity. Some surgeons crush the retained lens pieces between the light pipe and
vitrectomy probe which facilitates their removal by the vitrectomy probe without
the use of the fragmatome [29, 35, 49]. Some surgeons have used the OZil phaco
handpiece instead of the fragmatome and showed very good results [55].

The most important step during vitrectomy surgery for removal of RLF is to
perform a complete vitrectomy, including meticulous removal of the vitreous around
the lens fragments before removal to prevent traction on the retina. This will reduce
the incidence of retinal tears and retinal detachment. Some surgeons suggest the use
of perfluorocarbons (a heavy liquid frequently used in vitreoretinal surgery espe-
cially in retinal detachment) to separate the lens fragments from the retinal surface
and bring them into the mid-vitreous cavity for safer removal by the fragmatome or
vitrectomy probe [29, 35, 49, 56, 57].

With the introduction of the small gauge sutureless vitrectomy (23 and 25 gauge),
surgeons have began to use small ports for the removal of RLF [58—62]. In 2009, Ho
and colleagues reported a case series where 25-gauge vitrectomy was used exclu-
sively to remove lens fragments of various sizes [60]. They reported comparable
outcome and rate of complications to 20-gauge vitrectomy [60]. In an era where
there is a continuous shift toward less-invasive and sutureless surgeries, small gauge
vitrectomy surgery will continue to gain popularity for the removal of RLF.

Outcome of Pars Plana Vitrectomy Surgery for RLF

Pars plana vitrectomy surgery to remove vitreous lens fragments has been shown to
be associated with improved visual acuity, reduction of intraocular inflammation,
and intraocular pressure; 20/40 or better vision ranged from 44 to 72 % [9, 26, 50].
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In a multivariate analysis to identify predictive factors of poor visual outcome
(20/200 or worse), the following were shown to be anterior vitrectomy at the time
of cataract surgery, absence of sulcus lens, preexisting eye disease, and develop-
ment of glaucoma [50]. Other factors associated with a poor visual outcome include
retinal detachment and CME [28, 35, 37, 38].

Conclusion

CME is a major complication after cataract surgery complicated by RLF. The intro-
duction of modern phacoemulsification techniques resulted initially in an increased
incidence of posterior lens fragment dislocation. Management of CME includes
aggressive medical therapy with topical and oral NSAIDs and corticosteroids. If
severe intraocular inflammation doesn’t resolve quickly, pars plana vitrectomy with
removal of residual lens material should be performed.
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Chapter 9
Surgical Management of Macular Edema
Associated with Uveitis

Alexander L. Grigalunas and Pauline T. Merrill

Uveitis is a significant cause of vision loss in the working-age population in the
developed world [1-3]. The most common cause of vision loss in uveitis patients is
macular edema (ME) [1, 4]. Initial management of uveitic ME is primarily medical,
as reviewed in another chapter of this volume. In some cases, however, maximum-
tolerated medical therapy may be inadequate, and compliance with medical regi-
mens may also be an issue. Surgical approaches may provide an alternative or
adjunctive means of controlling uveitis and uveitic ME.

Primary vitrectomy for uveitis has been demonstrated to remove vitreous haze,
potentially to improve control of inflammation, and to assist in diagnosis. Vitreous
haze may limit vision as well as limit the ability of the treating ophthalmologist to
adequately examine, diagnose, and treat posterior uveitis. Vitrectomy clears the vit-
reous cavity of opacities. An adherent vitreomacular interface may also play a role
in the development of ME [5]. Hikichi and Trempe (1993) noted that in patients
who develop uveitic ME, 78 % did not have a posterior vitreous detachment.
Vitrectomy also removes inflammatory modulators contained within the vitreous
while prospectively reducing the time inflammatory factors are retained within the
vitreous cavity [6]. Additionally, the removed vitreous gel is replaced with aqueous
humor, which has anti-inflammatory properties [7]. In cases in which the underlying
cause of uveitis is in question, a diagnostic vitrectomy may also have the secondary
effect of decreasing macular edema.

Uveitic ME is often associated with additional structural complications affecting
the posterior segment. Vitrectomy may be indicated for epiretinal membrane
(ERM), vitreomacular traction (VMT), traction or rhegmatogenous retinal detach-
ment (RD), and vitreous hemorrhage. The vitrectomy itself along with correction of
the structural complications may have a beneficial effect on macular edema.
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A surgical approach proven effective in randomized prospective studies is the
fluocinolone acetonide (FlAc) intravitreal implant. This sustained-release steroid
implant provides an Food and Drug Administration (FDA) approved treatment with
dramatic effect on uveitic ME.

In this chapter, we review the background, techniques, outcomes, and complica-
tions of primary vitrectomy, vitrectomy for structural complications, and fluocino-
lone implant for uveitis with associated ME.

Primary Vitrectomy in Uveitis

Not long after the introduction of pars plana vitrectomy in the 1970s [8-10],
Diamond and Kaplan described combined lensectomy-—vitrectomy for complicated
cataracts secondary to uveitis in 15 eyes [11]. The majority of eyes showed signifi-
cant improvement in visual acuity. While lower postoperative acuity was associated
with cystoid macular edema in six eyes, the outcome was noted to be superior to
eyes undergoing lens extraction without vitrectomy. In 1981, Algvere et al. reported
the use of therapeutic vitrectomy in 14 patients with chronic uveitis, ten of whom
showed visual improvement [12]. In the same year Engel et al. described the utility
of vitrectomy for diagnosis in ocular inflammation [13]. Focusing specifically on
the effect of vitrectomy on inflammation-related ME, in 1992 Dugel et al. reported
angiographic improvement in ME in 9 of 11 eyes [14].

Technique

Inflammation should be controlled preoperatively, as large amounts of preoperative
inflammatory activity have been significantly linked with increased postoperative
inflammation in patients with uveitis undergoing vitrectomy (p <0.02) [15]. Patients
may be placed on high-dose systemic oral steroids (i.e., 1 mg/kg prednisone) start-
ing 1-2 days prior to surgery in order to minimize the risk of increased postopera-
tive inflammation. A standard three-port vitrectomy is employed. Smaller gauge
techniques may help to minimize increased iatrogenic inflammation, but 20-gauge
vitrectomy may facilitate concomitant procedures such as pars plana lensectomy. If
endolaser is performed, care must be taken, as excessive laser may also exacerbate
postoperative inflammation by increasing vascular permeability [16, 17].

Complete removal of the vitreous may improve long-term outcomes [18].
Triamcinolone may be used intraoperatively to visualize and facilitate complete
removal of vitreous from the macular interface as well as the anterior hyaloid [19,
20]. Upon completion of the core vitrectomy, triamcinolone is injected into the vit-
reous cavity, highlighting the residual vitreous cortex and hyaloid. A silicone-tipped
needle or internal limiting membrane (ILM) forceps may be used to remove adher-
ent posterior hyaloid. Triamcinolone may be left in the vitreous cavity to decrease
postoperative inflammation [21].
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The role of removal of the ILM for uveitic ME remains unclear. In their report on
vitrectomy of 42 eyes, Wiechens et al. (2001) removed the ILM in 15 eyes. While
ME improved in 60 % of eyes overall, there was no difference between eyes with
and without ILM removal [22]. Gutfleisch et al. (2007) studied 19 patients with
uveitic ME who underwent vitrectomy with ILM peeling and concurrent intravitreal
triamcinolone [23]. Postoperatively, angiographic ME improved in 58 % of patients.
The authors noted, however, that ILM peeling in uveitic ME is difficult and may
cause tissue damage; they do not recommend ILM peeling unless there is VMT
present. Cho and D’ Amico’s series (2012) of 24 patients with chronic ME undergo-
ing 25-gauge vitrectomy with ILM peel included four with uveitis [24]. There was
slight nonsignificant improvement in visual acuity and macular thickness as mea-
sured by spectral domain optical coherence tomography (SD-OCT) in these patients
(429 pm to 407 pm; p=0.92).

For diagnostic vitrectomy, as much undiluted vitreous should be obtained as pos-
sible to send for laboratory evaluation including cultures, PCR testing, cytology,
and flow cytometry. Approximately 1 cc of undiluted vitreous may be safely
obtained by standard vitrectomy techniques. Additional undiluted vitreous can be
obtained via techniques such as infusion of air or heavy liquids. Using perfluoron as
originally described by Quiroz-Mercado for large-volume vitreous biopsy [25], one
may safely obtain 3-5 cc of undiluted vitreous [26].

Outcomes

While there are no large, randomized, controlled, prospective studies of vitrectomy for
uveitic ME, since the early studies referenced above, there have been numerous small
studies suggesting potential benefit. Becker and Davis reviewed 44 articles on vitrec-
tomy for uveitis from 1981 to 2005, which included a total of 1762 eyes [27]. Overall,
there was a reduction in the median percentage of eyes with ME from 36 % preopera-
tively to 18 % post-vitrectomy. Improvements in visual acuity and inflammation con-
trol were also suggested, but the highest evidence grade of the articles reviewed was
CII-3: “at least fair evidence that the service can improve health outcomes but ... the
balance of benefits and harms is too close to justify a general recommendation” [28].

To date, there have been two small randomized, controlled, prospective trials
comparing the effect of vitrectomy versus medical therapy in uveitic ME. Tranos
et al. (2006) studied 23 patients with recalcitrant uveitic ME and no other macular
pathology who were randomized into a vitrectomy group and a systemic medical
therapy group [29]. Vision improved by two or more lines in 50 % of the eyes under-
going vitrectomy versus 18 % in the medical group. Angiographic improvement of
ME was observed in 33 % of the vitrectomized eyes compared to 14 % in the control
group. Quinones et al. (2010) randomized 20 eyes with recalcitrant intermediate
uveitis to vitrectomy or immunomodulatory therapy; three eyes in each group had
ME [30]. All three in the surgical group showed resolution of ME, while two of
three in the medical group showed improvement in ME. In both of these small stud-
ies, differences did not reach statistical significance.
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A number of reports have focused on the effect of vitrectomy for uveitic ME in spe-
cific anatomic locations or diagnoses. In 1992, Kaplan suggested that vitrectomy may
provide an alternative to systemic immunosuppression in intermediate uveitis [31]. Since
then, intermediate uveitis has been the most common diagnosis in reports of vitrectomy
for uveitis, with generally positive results for both macular edema and vision [27].

Following vitrectomy for refractory uveitic ME in 53 patients, Wiechens et al.
(2003) reported a resolution or reduction in ME in 59 % of patients with intermedi-
ate uveitis, 57 % with juvenile idiopathic arthritis (JIA) associated uveitis, and 41 %
with multifocal choroiditis. There was a concurrent two-line improvement in
Snellen visual acuity in 50 %, 71.4 %, and 41.7 %, respectively [32]. In a later report
focusing predominantly on juvenile intermediate uveitis, ME was significantly
reduced in 8 of 10 eyes post-vitrectomy [33].

In sarcoid uveitis, Kiryu et al. (2001) demonstrated resolution of medication-
resistant ME in 14 (78 %) of 18 patients who underwent vitrectomy [34]. Half of the
eyes also had peeling of ERM or adherent posterior vitreous cortex. Interestingly, in
both the vitrectomy only and the membrane-peeling groups, seven of nine eyes
showed improvement in ME.

Sullu et al. (2005) performed vitrectomy for posterior segment complications of
Behget’s disease in 20 eyes, including five with ME [35]. They noted complete
improvement of ME in three eyes (60 %) after vitrectomy.

Lloreng et al. (2011) showed improvement in ME following vitrectomy in 16
eyes with human leukocyte antigen HLA-A29-positive birdshot chorioretinopathy
[36]. Nine eyes had preoperative ME with a mean macular thickness of 537.8 pm by
HD-OCT. Four of the nine eyes also had ERM; all nine had either ERM peeling or
Brilliant Blue-assisted ILM peeling. ME improved postoperatively in eight of nine
eyes (89 %), with a final mean macular thickness of 218.7 pm (p =0.0039).

Considerations

Patients with chronic uveitis and ME may develop fixed retinal cysts, enlarged
foveal avascular zones, and/or thinning of intraretinal layers. Patients with such
findings may not be good candidates for primary vitrectomy, as surgical manage-
ment is unlikely to correct the underlying pathology.

Vitrectomy for Other Complications of Uveitis

Uveitis may lead to additional vitreoretinal pathology associated with ME including
ERM, retinal detachment, vitreous opacities, and vitreous hemorrhage, all of which
may be amenable to surgical treatment. Both inflammation and steroid treatment
contribute to increased cataract formation in patients with uveitis. Many of these
structural complications may benefit from treatment by vitrectomy combined with
other indicated procedures.
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The prevalence of ERM has been reported as 40—48 % in patients with uveitis [37—
39]. Nicholson et al. (2014) reported on a large cohort of uveitis patients with ERM
evaluated by SD-OCT [39]. Among the 598 patients, 246 had ERM in at least one
eye. Multivariate analysis suggested that ERM is associated with approximately one
line of visual acuity loss in these patients. Central retinal thickness of greater than
350 pm in conjunction with an ERM conferred a significant decrease in visual acuity
compared to patients with central retinal thicknesses between 200 pm and 350 pm.

Results of ERM peeling in patients with uveitic ME have suggested some bene-
fit. Dev et al. (1999) studied five eyes with ERM and ME diagnosed clinically or via
angiography with chronic idiopathic pars planitis who underwent ERM peel with
vitrectomy [40]. Four of five eyes had visual acuity improvement and reduction or
elimination of ME. Kiryu et al. (2003) showed resolution of ME by fluorescein
angiography (FA) in four of seven eyes with sarcoid uveitis that underwent ERM
peel with vitrectomy [41]. Visual improvements, however, were not significant.
Tanawade et al. (2014) showed improvement in vision in five eyes with ERM and
concurrent uveitic ME and six eyes with concurrent ERM, VMT, and uveitic ME
that underwent ERM peeling with or without ILM peeling [42]. Nine of eleven eyes
showed resolution of ME and VMT on OCT at 3 months postoperatively.

Retinal Detachment

The incidence of rhegmatogenous RD in patients with uveitis has been reported as
high as 3 % [43]. As these are often complex retinal detachments, vitrectomy is usu-
ally indicated. There is little in the literature, however, regarding ME in uveitis
patients undergoing vitrectomy for retinal detachment. Yu and Chung (1994)
repaired seven traction retinal detachments (TRDs) and eleven combined traction/
rhegmatogenous detachments in patients with chronic uveitis [44]. While the exact
number was not reported, the authors did state that many of these eyes had preop-
erative ME. Postoperative ME was seen in two patients in the TRD group and one
patient in the combined group. Recurrence of TRD occurred in two patients and
combined RD in six patients.

Vitreous Opacities/Vitreous Hemorrhage

A significant cause of decreased vision in uveitis may be non-clearing vitreous
opacities and/or vitreous hemorrhage (VH). In a series of six eyes with pars planitis
undergoing vitrectomy for VH, Potter et al. (2001) reported two eyes with preopera-
tive ME [45]. Vision in both eyes improved; final acuity in one was 20/20, with the
other 20/100 likely due to ME.
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Ieki et al. (2004) performed vitrectomy for non-clearing vitreous opacity in 11
eyes, 5 of which had preoperative treatment-resistant ME [46]. After 6 months, all
five eyes had either resolution or improvement of ME as determined by FA. Three
of these eyes gained two or more Snellen visual acuity lines and achieved visual
acuity of 20/40 or better, while the other two eyes had stable visual acuity at the final
visit.

Vitrectomy has also been reported to reduce ME in juvenile uveitis with vitreous
opacities. Trittibach et al. (2006) reported on 29 eyes that underwent vitrectomy for
vitreous opacities (n=25), VH (n=3), and retinal detachment (n=1) [33]. ME was
reduced in eight of ten eyes that had preoperative ME (p=0.021). Overall, LogMAR
visual acuity improved from an average of 0.91-0.33 postoperatively (p=0.001).

Cataract

Combined cataract surgery and pars plana vitrectomy may be indicated if signifi-
cant cataract is present, but the combined surgery may incite new or worsen preex-
isting ME. In 1979, Diamond and Kaplan studied 25 eyes that underwent combined
vitrectomy and pars plana lensectomy without placement of intraocular lens (IOL).
They reported resolution of preoperative cystoid macular edema (CME) in 4 of 12
eyes [47]. More recently, Androudi et al. (2005) reported 36 eyes with chronic uve-
itis that underwent combined phacoemulsification and pars plana vitrectomy [48].
Nine of the eyes (25 %) had preoperative ME confirmed by FA. Postoperatively, six
of these nine eyes had persistent edema, while ten new cases of ME were identified.
Only four of the ten new cases of ME resolved during the follow-up period.

Complications of Vitrectomy

Acceleration of cataract formation following vitrectomy for uveitis is seen in virtu-
ally all phakic patients, and significant cataract development has been reported as
high as 100 % [34]. Other relatively common complications following vitrectomy for
uveitic ME include increased or decreased intraocular pressure, RD, VH, and
ERM. In an early series of 12 eyes undergoing vitrectomy for peripheral uveitis,
Mieler et al. (1988) reported a 50 % repeat surgery rate for RD, VH, or cataract;
nonetheless final acuity improved an average of five lines [49]. In their review of 44
papers assessing vitrectomy in a total of 1762 eyes, Becker and Davis counted post-
operative complications including 112 progressing cataracts, 56 partial and 21 total
RDs, 51 secondary glaucomas, 45 cases of hypotony and 15 of phthisis, 36 macular
puckers, 22 VHs, 7 hyphemae, and 3 choroidal detachments [27]. In a retrospective
review of 74 uveitic eyes that underwent 25-gauge vitrectomy, 56 of which had pre-
operative ME, Soheilian et al. found ERM formation in 23 %, elevated intraocular
pressure in 11 %, irreparable RD in 6.7 %, subretinal neovascular membrane in 2.7 %,
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macular hole in 5.4 %, phthisis bulbi in 5.4 %, and chronic hypotony in 5.4 % [15].
Nicholson et al. found that ERM formed in patients with uveitis at a significantly
greater rate after vitrectomy (16/141) compared with those that did not undergo vit-
rectomy (6/141) (p=0.026) [39]. Vitrectomy with concurrent intravitreal triamcino-
lone was found to cause ocular hypertension in 9/19 (47 %) of patients [23].

Fluocinolone Acetonide Intravitreal Implant (Retisert)

Background

Local or systemic corticosteroids, with or without concurrent systemic immuno-
modulating medications, may fail to resolve uveitic ME. Even when effective, local
steroid injections often need to be repeated multiple times to achieve control of
uveitic ME. The 0.59 mg fluocinolone acetonide (FIAc) intravitreal implant
(Retisert; Bausch & Lomb) [50] releases steroid into the vitreous cavity for an aver-
age of 30 months and was approved by the FDA for treatment of noninfectious
uveitis in 2005. Surgical implantation of a F1Ac implant provides an alternative to
multiple local steroid injections or systemic therapy.

Technique

Details of the implantation technique have been well described [51-53]. Briefly, the
implant is prepared by securing a double-armed 8-0 prolene suture through the
anchor strut of the implant with a single knot. After prepping the eye in aseptic
fashion, a conjunctival peritomy is performed in an area with healthy appearing
conjunctiva, away from underlying pathology such as a snowbank or traction. The
surgeon may consider avoiding areas likely to be used for future glaucoma surger-
ies. Cautery is used to achieve hemostasis. In eyes that have previously undergone
vitrectomy, an infusion line is placed to maintain intraocular pressure. A 20-gauge
microvitreoretinal (MVR) blade is used to make a 3.5 mm full-thickness sclerotomy
along a concentric line 4.0 mm posterior to the limbus. Any prolapsed vitreous may
be cut with a vitrector or excised using a Weck-Cel sponge and Westcott scissors.
The implant is inserted into the vitreous cavity with the drug-eluting portion facing
anteriorly. The previously placed anchor suture is then passed through the sclera on
either side of the incision and tied, thereby gently approximating the scleral inci-
sion. The tails of the double-armed prolene are then placed under interrupted 9-0
prolene sutures that are used to close the sclerotomy. The interrupted sutures are
rotated to bury the knots. The proper position of the implant is confirmed by indirect
ophthalmoscopy. Balanced salt solution is injected into the vitreous cavity to nor-
malize the intraocular pressure. The conjunctival peritomy is closed with 6-0 plain
gut sutures, and subconjunctival antibiotics are given.
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Berger and Mendoza have suggested an alternate suture technique for closer
approximation of the sclerotomy [54]. Slow-absorbing 8-0 polyglycolic acid sutures
may be used on the inner aspects of the sclerotomy, prior to placing two distal 9-0
prolene permanent sutures. Use of fewer permanent sutures may also reduce the risk
of conjunctival erosion.

Outcomes

The first report of long-term safety and efficacy of FlAc implantation to control
posterior uveitis was published by Jaffe et al. in 2005 [51]. Thirty-six eyes were
randomized to either a 0.59 mg or a 2.1 mg FlAc implant. With follow-up of at least
12 months in 72 % of patients, 24 months in 44 %, and 30 months in 25 %, only two
patients were noted to have recurrent inflammation, both at 29 months or later.
Visual acuity stabilized or improved in 90 % of patients, with the authors speculat-
ing that the improved vision was primarily due to reduced macular edema.

Results of the FIAc implant in a large group of patients were first reported by the
multicenter Fluocinolone Acetonide Uveitis Study Group in 2006 [55]. Two hun-
dred and seventy-eight eyes of patients with long-standing noninfectious posterior
uveitis that had previously undergone systemic and local therapy were randomized
to receive a FIAc implant of 0.59 mg or 2.1 mg and were subsequently followed for
3 years [56]. Patients with bilateral disease had FlAc implanted in the eye with the
more severe uveitis.

Recurrence rates in the 0.59 mg dose group were reduced from 62 % over the
year before implantation to 4 % at 1 year, 10 % at 2 years, and 20 % at 3 years after
implantation. These recurrence rates were also significantly lower than those of the
fellow non-implanted eyes (44 %, 52 %, 59% at 1, 2, and 3 years, respectively)
(p<0.01). At 3 years after implantation, there was no significant difference in mean
visual acuity from baseline values in implanted eyes, while mean vision declined in
fellow eyes (p<0.01). Macular edema was evaluated based on the area of hyperfluo-
rescence on FA. Reduction in ME in the implanted eyes was seen in 86 % at 1 year
and 73 % at 3 years, versus 28 % at 1 year and 28 % at 3 years in fellow non-implanted
eyes. The mean area of ME in implanted eyes maintained a statistically significant
decrease lower than baseline at 1, 2, and 3 years after implantation (p<0.01) [56].

In 2011, the 2-year results from the Multicenter Uveitis Steroid Treatment
(MUST) trial were published, including evaluation of ME by OCT. This NIH-
sponsored randomized clinical trial compared the safety and efficacy of the FlAc
implant to systemic therapy in 255 patients with noninfectious intermediate, poste-
rior, and panuveitis [38]. In this trial, ME was defined as center point macular thick-
ness of greater than 240 microns assessed on Stratus OCT-3. At baseline, the
proportion of eyes with ME was similar between the implant group (41 %) and the
systemic therapy group (39 %). The implant group showed significantly greater
reduction in proportion of eyes with ME compared with the systemic medication
group at 6 months (decreased to 20 % and 34 %, respectively, p=0.002). At 2 years,
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both groups still showed improvement from baseline (22 % and 30 %), although the
difference between the two groups was no longer statistically significant (p=0.071).

Other reports have also shown significant resolution of ME following FlAc
implantation. Shen et al. (2013) reported FlAc implantation, leading to early
improvement or resolution of uveitic ME in 12 eyes as measured by change in mul-
tiple SD-OCT parameters at 3 months post-implantation (all with p<0.05) [57].
Arcinue et al. (2013) showed reduction in OCT central retinal thickness in 16 eyes,
from 340 pm preoperatively to 248 pm 1 year after FIAC implantation [58].

FlAc implantation results in weaning and discontinuation of systemic corticoste-
roids needed to control posterior inflammation and ME in up to 77 % of cases [58].
Jaffe et al. reported that at 34 weeks post-implantation, use of systemic medication
to control uveitis decreased from 52.9 to 12.1 %, and periocular injections were
reduced from 63.0 to 2.2 % [55].

Several studies have looked at F1Ac in specific uveitic entities. Rush et al. (2011)
investigated outcomes of FlAc implantation in 36 eyes of patients with HLA-A29-
positive birdshot chorioretinopathy. They found a reduction in ME from 36 % of
eyes at baseline to 6% at 12 months (p=0.006) as measured by FA [59].

Mahajan et al. (2009) reported a case series of patients with sympathetic ophthal-
mia (SO) who underwent FlAc implantation. They showed a reduced need for sys-
temic corticosteroids to control intraocular inflammation while improving or
stabilizing visual acuity [60]. The authors believe patients’ improved visual acuities
were due to the reduction of ME.

A study by Hu et al. (2011) of two patients with immune recovery uveitis showed
resolution of ME without reactivation of cytomegalovirus (CMV) with simultane-
ous use of ganciclovir and: highly-active antiretroviral therapy (HAART) with a
FlAc implant [61]. Caution must be exercised, however, as there are reports of PCR-
proven herpetic necrotizing retinitis [62], CMV endotheliitis [63], and CMV retini-
tis [64] following FlAc implantation in immunocompetent as well as
immunocompromised patients.

Complications

The most striking complication of FIAc implantation is increased intraocular pres-
sure. At 34 weeks after FIAc implantation, 59 % of patients had a rise greater than
or equal to 10 mmHg [55]. Two years after FlIAc implantation, 61 % of patients
required treatment for elevated intraocular pressures (p<0.0001), and 17 % devel-
oped glaucoma (p=0.0008). At 3 years, 67 % of eyes with the FIAc implant had an
increase in IOP greater than or equal to 10 mmHg [56]. The MUST investigators
found a fourfold increase in incidence of IOP elevation greater than 10 mmHG,
absolute IOP greater than 30 mmHG, and the need for medical and surgical treat-
ments for elevated IOP [38]. They noted that despite intervention to lower IOP,
glaucoma developed in 17 % in the implant group compared with 4 % in the sys-
temically treated group (p=0.001).
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Virtually all phakic eyes receiving a FIAc implant will develop visually signifi-
cant cataract within a few years. The MUST investigators found an 80 % increased
risk for the need for cataract surgery with FIAc when compared to systemic therapy
alone at 2 years [38]. At 3 years, Callanan et al. (2008) found that 93 % of phakic
eyes required cataract surgery, compared to 20% of fellow eyes (p<0.01) [56].
Most of the cataracts were removed between 24 weeks and 2 years post-implantation.
Cataract formation may be especially concerning in pediatric populations still at
risk for amblyopia [65].

Other complications are much less frequent. ERM formation may occur in cases
without a preexisting ERM [57]. Transient hypotony occurs in nearly 10% of
patients following implantation [55]. Endophthalmitis has been reported following
implantation in 0.4—4.5 %, with MUST data showing an incidence of 1.3 % [38, 55,
66]. Vitreous banding from the posterior pole to the FIAc implant has also been
reported to occur [67]. Scleral melt following FlAc implantation has been reported
in one patient [68].

Several studies have addressed the need for a second FlAc implantation due to
recurrent inflammation, occurring on average 32.5 months [69] to 38 months [70]
after initial F1Ac implantation. Removal or exchange of the implant may be associ-
ated with additional complications. Dissociation of the drug-eluting cup from the
implant strut has been reported to occur in as many as 40.7 % of explantation cases,
rarely resulting in retinal tear and suprachoroidal hemorrhage [71]. Dissociation of
the components is thought to occur the longer the implant has been in place, second-
ary to hydration of the adhesive between the implant strut and the drug-eluting cup,
and has been particularly noted in earlier-generation implants. On average, dissocia-
tion during removal or exchange occurred 46.7 months after initial implantation.
Intact implants that were removed or exchanged had been in the eye 32.5 months on
average. If explantation is required, the sclerotomy should be enlarged to 4 mm to
allow for reduced shearing forces on the implant during removal. Use of an infusion
line may be helpful as well.

Spontaneous late dissociation of the implant into the vitreous cavity not associ-
ated with surgical explantation has been reported to occur in 5.4 % of implants,
occurring on average at 71.1 months post-implantation [72]. In these cases, biman-
ual removal with an infusion cannula and soft-tipped extrusion cannula may be used
to remove the dissociated portion of the implant. Late spontaneous dissociation with
dislocation of the implant into the anterior chamber resulting in corneal endothelial
damage has been reported in two patients with prior vitrectomy [73]. A corneal inci-
sion was used to retrieve the dissociated portion.

Cost may also be a complicating factor in FlAc implantation. The MUST trial
research group (2014) investigated the cost-effectiveness of the implant versus sys-
temic therapy for noninfectious uveitis and found that implant therapy has a higher
cost over 3 years in patients with bilateral disease ($69,300 implant vs $52,500
systemic) with modest, nonstatistically significant gain in quality of life years [74].
In unilateral disease, the 3-year cost was more comparable between the two groups
($38,800 implant vs $33,400 systemic). While the implant favored quality of life
years in the implant group in unilateral cases, it did not reach statistical significance
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(p=0.12). The authors concluded that in most cases, the implant was reasonably
cost-effective compared to systemic therapy for patients with unilateral uveitis but
not for those with bilateral disease.

Conclusions

Following vitrectomy in uveitis patients, there is an overall trend in the literature
toward decreased ME, improved visual acuity, and reduction of medications. A
large, prospective, randomized clinical trial is needed to confirm these findings.
Until such a trial is performed, primary vitrectomy for persistent uveitic ME should
be assessed on a case-by-case basis. When uveitic ME is associated with other com-
plications such as ERM, VH, or RD, vitrectomy may have the added benefit of
improving the ME.

The FlAc implant has proven to be effective in resolving uveitic ME in a majority
of cases. The risks associated with implantation and long-term steroid exposure in
the implanted eye are significant and must be deliberated in each case. For many
patients, FIAc implantation provides a viable alternative to systemic therapy for ME
in chronic uveitis.
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Chapter 10
Surgical Management of Diabetic Macular
Edema

Katherine E. Talcott and Dean Eliott

Introduction

Diabetic macular edema (DME) is a common cause of visual loss from diabetic reti-
nopathy and is typically caused by leakage of fluid from abnormal retinal capillaries
and microaneurysms [1, 2]. The Early Treatment Diabetic Retinopathy Study
(ETDRS) demonstrated the utility of laser photocoagulation, presumably by
decreasing vascular permeability [3]. In addition, mechanical causes at the vitreo-
retinal interface are believed to contribute in select patients [4—7].

Treatment options for DME include medical and ophthalmic interventions.
Systemic glycemic and hypertensive control reduces the onset and progression of
diabetic retinopathy in both type 1 and type 2 diabetes [8]. Additionally, there are a
number of ophthalmic treatments. The ETDRS showed that macular focal and grid
laser photocoagulation reduced the risk of visual loss due to DME by 50 %, but only
3% of patients had improvement of >3 lines of visual acuity by the end of the study
[3]. Other treatments for DME include intravitreal steroids, such as triamcinolone,
dexamethasone, and fluocinolone [9-11]. Intravitreal injection of anti-vascular
endothelial growth factor (VEGF) agents, such as pegaptanib, bevacizumab, ranibi-
zumab, and aflibercept, has become a mainstay of treatment [12].

In addition to these treatment options, surgical intervention targeting vitreoreti-
nal interface abnormalities in select DME cases is becoming increasingly recog-
nized. Various groups have reported results of vitrectomy with or without epiretinal
membrane (ERM) peeling and with or without internal limiting membrane (ILM)
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peeling in select cases of DME. In this chapter, our aim is to examine the utility of
surgical intervention in DME patients, and more specifically through cases with
vitreoretinal interface abnormalities. To review the literature, it is useful to catego-
rize by vitreoretinal interface abnormalities as indicated below.

Rationale for Surgical Intervention

The vitreous has been implicated as a cause of DME due to several mechanisms, all
of which lead to increased vascular permeability. The vitreous can cause traction,
including anterior-posterior, oblique, and tangential, on Miiller cells that results in
cell hypertrophy, proliferation, and vascular leakage [13, 14].This traction can also
lead to distortion of intraretinal vessels, leading to vascular leakage and distur-
bances of macular microcirculation [15-18].

Vitrectomy may help relieve this traction and may also help to remove growth
factors such as VEGEF, interleukin-6 (IL-6), and platelet-derived growth factor
(PDGF) which are secreted in diabetic retinopathy and can promote macular edema
[19-21]. Vitrectomy can also potentially suppress the release of inflammatory cyto-
kines such as basic fibroblast growth factor that are induced by mechanical stresses.
Finally, vitrectomy increases vitreous cavity oxygen tension with resultant improved
oxygenation of the posterior segment [22-27].

In a 1988 observational study supporting this, Nasrallah et al. observed a lower
prevalence of posterior vitreous detachment (PVD) in the eyes with DME compared
to eyes without edema [28]. Later, Lewis et al. in 1992 reported resolution of macu-
lar edema in 80 % of cases after vitrectomy for DME associated with posterior hya-
loid traction [6]. Additionally, spontaneous resolution of edema in 55 % of eyes with
posterior vitreous separation, compared with 25 % of eyes without complete PVD,
was observed by Hikichi et al. in 1997 [29].

Evidence for Surgical Intervention

Attached Vitreous with Taut Posterior Hyaloid

Diffuse macular edema, as compared to focal edema from microaneurysms, is charac-
terized by poorly demarcated leakage due to generalized disruption of the blood-
retinal barrier and is sometimes associated with a taut posterior hyaloid. Identification
of a taut posterior hyaloid in an eye with DME and diffuse leakage has been associ-
ated with favorable outcomes after vitrectomy [6, 7, 30]. As mentioned above, Lewis
et al. described ten DME patients with diffuse macular edema refractory to laser pho-
tocoagulation. These patients did not have a PVD and instead had biomicroscopic
evidence of a taut posterior hyaloid. After vitrectomy with removal of the posterior
hyaloid membrane, nine patients had reduced edema. Visual acuity (VA) improved by
two or more lines in six of ten patients [6]. Subsequently, Harbour et al. described ten
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DME eyes that underwent vitrectomy for a taut posterior hyaloid diagnosed clinically.
VA improved in four eyes (total ranging from 2-6 lines) and remained stable in the
remaining eyes [30]. Other studies have looked at combining vitrectomy with an ILM
peel for patients with an attached hyaloid and diffuse DME. Gandorfer et al. evaluated
this combined surgical approach in 12 eyes, of which 10 had an attached hyaloid.
Retinal thickening resolved or decreased in all eyes and VA improved by at least two
lines in 11 eyes [31]. Taken together, these studies suggest a beneficial role for vitrec-
tomy in patients with diffuse DME with presence of a taut posterior hyaloid.

Vitrectomy appears to be beneficial in cases of diffuse DME with a taut posterior
hyaloid by relieving tangential tension. In diffuse DME, permeability of the inner
blood-retinal barrier has been seen on fluorescein angiography (FA) and breakdown
of the outer blood-retinal barrier has been implicated in animal models [32, 33].
Condensation and contraction of the hyaloid membrane is thought to cause tangential
vitreomacular traction and increase the permeability of the retinal vasculature [7].
More recently, optical coherence tomography (OCT) imaging suggests that these
tangential tractional forces can lead to a subclinical macular detachment. Kaiser et al.
reviewed OCT imaging on nine DME eyes with posterior hyaloid traction, finding
retinal thickening in all patients and shallow macular traction detachment in eight of
the eyes. They suggest that resolution of the detachment with vitrectomy may explain
the improved VA in these patients [4]. Regardless of the mechanisms, these studies
support vitrectomy with posterior hyaloid elevation and removal for DME cases with
a taut posterior hyaloid. Figure 1 offers an illustrative example of a diabetic patient
with a taut posterior thickened hyaloid, macular edema on OCT, and diffuse macular
leakage on FA. After subsequent vitrectomy with posterior hyaloid elevation, fundus
changes and macular edema improved at the third postoperative month.

Attached Vitreous with Vitreomacular Traction

Vitreomacular traction (VMT) is associated with foveal distortion, and eyes with
this condition often respond favorably to surgical intervention. Best visualized by
OCT, VMT is defined as vitreofoveal attachment and traction with perifoveal vit-
reoretinal separation [29, 34, 35]. Figure 2 offers an illustrative example of a dia-
betic patient with DME and VMT where the posterior hyaloid is attached at the
fovea but the perifoveal hyaloid is elevated.

The Diabetic Retinopathy Clinical Research Network (DRCRnet) Vitrectomy
Study was a large prospective study that examined vitrectomy for DME in eyes with
at least moderate vision loss and VMT [36]. The study included 87 eyes with VMT
based on the “investigator’s evaluation,” baseline VA 20/63 to 20/400, and OCT
central subfield thickness >300 pm. Surgical intervention beyond vitrectomy was
not standardized. Membrane peel (ERM) was performed in 61 % and ILM peeling
in 54 % of cases. At 6 months postoperatively, median OCT thickness decreased by
160 pm and 68 % of eyes had >50 % reduction in macular thickness. VA improved
by >10 letters in 38 % of eyes but deteriorated by >10 letters in 22 % of eyes [36].
After separation of vitreofoveal traction, improvement of macular edema was
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Fig. 1 Improvement of diffuse DME after vitrectomy and posterior hyaloid elevation in a patient
with taut posterior hyaloid. (a) Preoperative fundus photograph. (b) Late frame of preoperative FA
showing diffuse leakage. (¢) Preoperative OCT showing thick hyaloid and macular edema. (d)
Postoperative fundus photograph. (e) OCT at postoperative month 3 after vitrectomy and posterior
hyaloid elevation with significant improvement

<
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detected on OCT (Fig. 2). Based on this study, vitrectomy for DME associated with
VMT appears beneficial; however, the study has several shortcomings. There was
no control group, and VMT was defined by clinical judgment rather than a standard-
ized definition. Finally, surgical interventions were not standardized [36]. Taken
together, these results suggest that vitrectomy with posterior hyaloid elevation and
removal can be beneficial in the setting of DME with VMT.

Attached Vitreous and No Observable Traction

In addition to cases with a taut posterior hyaloid or VMT, there is also support in the
literature for vitrectomy in some patients with an attached hyaloid but no observable
traction. Ikeda et al. described three DME eyes without clinical evidence of traction
in the pre-OCT era that underwent vitrectomy. The cystoid changes had disappeared
by 5 days postoperatively in all eyes. The diffuse macular edema had resolved
within 2 weeks and VA was maintained or improved [37]. Otani et al. subsequently
evaluated 13 DME eyes with retinal swelling on OCT before and after vitrectomy.
At 6 months postoperatively, the mean foveal thickness decreased significantly
from 630 to 350 pm. The best corrected visual acuity (BCVA) improved by more
than two lines in 38 % of eyes and remained the same in 54 % [38]. Additionally, La
Heij et al. found resolution of macular edema in all patients after a median period of
3 months and improvement of VA (median improvement of five lines) after vitrec-
tomy in 21 eyes with DME with an attached hyaloid but no known traction [39].
Taken together, these three studies suggest that DME may improve in patients with
an attached hyaloid, even without known traction.

There are several reasons that these patients with an attached hyaloid without
traction may benefit from vitrectomy. First, there may be subclinical traction from
the posterior hyaloid that may not be detected clinically, as Ikeda et al. and La Hejj
did not use OCT. In addition, vitrectomy may serve to increase vitreous oxygen
tension. Regardless, these results on DME are less impressive than those involving
patients with known traction but may be considered, especially in refractory cases.

Detached Vitreous (PVD)

Based on the above studies, traction appears to be a significant cause of diffuse reti-
nal leakage in DME that can improve with vitrectomy. If the hyaloid is detached and
there is no other known etiology to cause traction, such as an epiretinal membrane
(ERM), there is less of a rationale for surgery. Several studies have examined this.
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Fig. 2 Improvement of DME after vitrectomy and posterior hyaloid elevation in a diabetic patient
with vitreofoveal traction. (a) Preoperative fundus photograph. (b) Preoperative fluorescein angio-
gram. (c¢) Preoperative OCT showing posterior hyaloid attachment at fovea with surrounding peri-
foveal hyaloid detachment and DME. (d) Postoperative fundus photograph. (e) OCT showing
resolution of vitreofoveal traction and DME after vitrectomy without ILM peeling

<
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Ikeda et al. in 2000 described five DME eyes that had a detached hyaloid without
ERM on exam and confirmed intraoperatively. After vitrectomy, four eyes had resolu-
tion of the DME and all had improved VA. This was attributed to removal of cytokines
and an increase in vitreous oxygen tension after surgery [37]. Other studies have failed
to replicate these findings. Massin et al. evaluated eight eyes with diffuse DME and
detached hyaloid without ERM before and after vitrectomy using OCT. While retinal
thickness decreased from 522 to 428 pm after surgery, median VA actually worsened
from 20/100 to 20/200 [5]. These studies suggest that vitrectomy is generally not
indicated for mild DME in patients with a detached hyaloid without traction.

Detached Vitreous (PVD) with Epiretinal Membrane

Like a taut posterior hyaloid or VMT, an epiretinal membrane (ERM) can also exert
traction on the retina and contribute to DME. ERM peeling has been suggested as
an adjunct to vitrectomy in select cases of DME where an ERM is present. Although
the majority of studies examining surgical intervention for DME have focused on
cases of traction from the posterior hyaloid, some groups have looked at the utility
of ERM peeling in eyes with DME. For instance, a subgroup of DME patients
examined by Yamamoto et al. had a PVD and ERM before undergoing vitrectomy
and membrane peel. This subgroup of five patients had significant improvement in
postoperative mean VA, and the final VA improved by two or more lines in 60 % of
eyes. Although mean foveal thickness decreased from 448 to 238 pm, this differ-
ence was not statistically significant [40]. Figure 3 offers an illustrative example of
diabetic patient with a PVD and ERM on OCT; foveal contour improved following
vitrectomy and membrane peel. Vitrectomy with membrane peel could be consid-
eredin select cases. The same criteria should be used as for nondiabetic ERM. Surgery
should be considered for symptomatic visual loss associated with obvious ERM.

The Role of Internal Limiting Membrane Peeling
During Diabetic Vitrectomy

Rationale for Surgical Intervention

As an adjunct to vitrectomy, peeling the ILM has been recommended in select cases of
DME. The ILM may thicken in DME due to cellular proliferation and deposition of



K.E. Talcott and D. Eliott




10  Surgical Management of Diabetic Macular Edema 171

Fig. 3 Improvement of macular edema and foveal contour after vitrectomy and ERM peel in
diabetic patient with ERM and PVD. (a) Preoperative fundus photograph. (b) Preoperative fluores-
cein angiogram. (c¢) Preoperative OCT showing PVD and ERM. (d) Postoperative fundus photo-
graph. (e) Postoperative fluorescein angiogram. (f) OCT showing resolution of vitreofoveal
traction and DME after vitrectomy without ILM peeling
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extracellular matrix. This leads to decreased water movement between the vitreous and
retina, build-up of proteins in the interstitial space, decreased diffusion of proteins to
the vitreous space, and macular edema [41, 42]. Removal of this thickened ILM elimi-
nates a possible barrier to cytokines and oxygen [43, 44]. It can also help to ensure
complete removal of residual cortical vitreous [41, 45]. Similar to a taut posterior hya-
loid or VMT, tangential traction can also be exerted by an ILM. ILM peeling can also
ensure complete removal of epiretinal cells. This may limit postoperative ERM forma-
tion by removing the scaffold for proliferating cells [46]. For these reasons, ILM peel-
ing has been proposed as an adjunct to vitrectomy in select cases of DME.

In order to better understand how ILM peeling is beneficial, several studies have
thoroughly investigated changes in pathology and imaging. Gentile et al. described
two cases of diffuse DME after vitrectomy that demonstrated a taut ILM. After repeat
vitrectomy with ILM peeling, macular edema and VA improved. The ILM was ana-
lyzed with immunostaining and revealed an inner monolayer of cytokeratin-positive
(retinal pigment epithelial (RPE) cells) and/or glial fibrillary acidic protein-positive
cells with smooth muscle actin (SMA) immunoreactivity. As SMA indicates myofi-
broblast differentiation and the contractile ability of the RPE and glial cells, these
changes likely caused tangential traction which was relieved by ILM peeling [47].
The tangential traction that can be exerted by the ILM was also imaged in a study by
Abe et al. They performed a retrospective case series of 26 DME eyes imaged with
OCT to identify both traction seen on tomography and fine folds seen on three dimen-
sional imaging. After ILM peeling, the fine folds resolved, even in those eyes without
traction on tomography. Surgically obtained specimens confirmed that the fine folds
involved the ILM [48]. This suggests that ILM peeling can help resolve tangential
traction in DME, even when not obvious on standard tomography.

Evidence for Surgical Intervention

Peeling of the ILM has been proposed as a helpful adjuvant to vitrectomy for DME
but results in the literature are mixed. Kamura et al. evaluated 34 DME eyes treated
with ILM peeling during vitrectomy compared to eyes treated with vitrectomy alone
and found that VA improved significantly after vitrectomy regardless of ILM peeling
and without a significant difference between the groups [49]. Bahadir et al. examined
17 DME eyes that underwent ILM peeling during vitrectomy, and comparing them to
eyes with vitrectomy alone found a significant improvement in postoperative VA in
both groups, but no difference between them [50]. Rosenblatt et al. reviewed 26 eyes
with refractory DME without traction that were treated with vitrectomy and ILM peel.
There was a statistically significant improvement of mean VA (50 % of eyes gained at
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least two lines of VA) and mean foveal thickness (311 pm from 575 pm) [51]. Patel
et al. evaluated ten eyes with diffuse refractory DME which underwent vitrectomy
and ILM peeling compared to vitrectomy alone, finding that ILM peeling was associ-
ated with a significant improvement in foveal thickness and macular volume, but not
with change in VA [52]. Additionally, Recchia et al. examined ten patients after vit-
rectomy and ILM removal with diffuse DME refractory to laser, finding both improve-
ment in central macular thickness and VA [53]. Finally, Yanyali et al. treated 12 DME
eyes with vitrectomy and ILM peel compared to controls treated with laser in this
prospective study, finding a significant improvement in mean foveal thickness and VA
in the surgical group but not in the laser group [54]. In a later study, Yanyali et al.
reviewed 27 DME eyes that underwent vitrectomy with ILM peeling, finding a sig-
nificant decrease in foveal thickness and improvement in VA [55]. In summary, the
majority of these studies report some additional benefit with ILM peeling; however,
restoration of foveal anatomy was more common than improvement in VA. In prac-
tice, employment of ILM peeling for diffuse DME appears mixed, as in the DRCRnet
Vitrectomy Study that showed 54 % of surgeons elected to peel the ILM [36].

Prognostic Factors

Several prognostic factors for favorable outcomes after surgical intervention for
DME have been identified, perhaps most importantly preoperative VA and early
surgical intervention. Pendergast et al. showed a strong correlation between preop-
erative and postoperative VA. They examined 55 DME eyes that underwent vitrec-
tomy with stripping of a taut posterior hyaloid and found that eyes with preoperative
BCVA of 20/200 or worse responded less favorable to vitrectomy. Eyes with preop-
erative BCVA of 20/100 or better improved by a median of 60 % compared to 18 %
the eyes with VA of 20/200 or worse [7]. Harbour et al. examined ten DME patients
who underwent vitrectomy for a taut posterior hyaloid and found that the three eyes
with rapid deterioration of vision from DME followed by prompt surgical interven-
tion (less than 1 month) experienced the most improvement in final BCVA [30].
Other studies have used OCT to delineate prognostic factors for DME and surgi-
cal intervention by identifying markers for photoreceptor damage that would limit
visual potential. Maheshwary et al. found a statistically significant correlation
between percentage disruption of the IS/OS junction and VA in 62 DME eyes using
OCT [56]. Additionally, Chhablani et al. found that external limiting membrane
(ELM) integrity correlated with postoperative outcome in their study of 34 eyes
with resistant DME treated with vitrectomy [57]. Finally, Nishijima et al. identified
hyperreflective foci in the outer retina that were predictive of photoreceptor damage
and poor vision in their study of 32 DME eyes that underwent vitrectomy [58].
Additionally, other ocular and systemic prognostic factors have been identified.
Longer axial length was found to be associated with better VA after vitrectomy by
Wakabayashi et al. in 51 eyes with DME that underwent vitrectomy [59]. Better glyce-
mic control also correlated with better outcomes. Yamada et al. examined 44 diabetic
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eyes that underwent vitrectomy with ILM peeling for DME and found that the postop-
erative macular thickness was significantly thicker with higher glycosylated hemoglo-
bin levels [60]. These studies suggest that there are retinal, ocular, and systemic factors
that can help identify patients who could benefit from surgical intervention for DME.

Summary

When considered by categories of vitreoretinal interface problems, the utility of
vitrectomy in select DME cases becomes clearer. Vitrectomy has been shown to be
beneficial in most DME cases where a taut posterior hyaloid or vitreomacular trac-
tion is present. It is beneficial in select cases where the posterior hyaloid is attached,
even if there is no observable traction. When separation of the posterior hyaloid has
occurred, vitrectomy can be beneficial in select cases where an ERM is present.

Favorable anatomic results are more common than visual results when vitrectomy
and other surgical interventions are performed in select cases of DME. As discussed,
VA can improve 5-15 letters postoperatively but may worsen in some cases. Despite
this limited improvement in VA, OCT results are often more impressive. Foveal thick-
ness usually decreases postoperatively by 100-250 pm on OCT or greater than 50 %
reduction of retinal thickening. The fact that improvement on OCT does not translate
to significant visual results may reflect that vitrectomy is often performed for refrac-
tory DME cases with long-standing edema with irreversible macular damage.

In summary, eyes with observable vitreous and/or epiretinal traction are most
likely to improve after vitrectomy. Eyes with refractory edema and no observable
traction, however, are less likely to improve. Unfortunately, improvement in retinal
thickening is often more impressive than improvement in VA even in these select
cases. However, vitrectomy and other surgical interventions may be beneficial for
select cases of DME, especially when surgical intervention is undertaken early,
before photoreceptor damage has occurred.
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Chapter 11
Surgical Management of CME Associated
with Vitreoretinal Interface
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and J. Fernando Arevalo

Introduction

Cystoid macular edema (CME) after ocular surgery was first described in 1953 by
Irvine and is related to the release of inflammatory mediators such as prostaglan-
dins, leukotrienes, histamine, bradykinins, platelet-activating factor (PAF), and
interleukin (IL)-1 [1-4]. The original report described cystoid changes after vitre-
ous incarceration at the corneal wound after intracapsular cataract surgery. However,
nowadays, this terminology is used for any macular edema after surgical proce-
dures. A classic feature of this disease is the cystoid macular abnormalities related
to swelling of the outer plexiform layer following release of cytokines at the vitre-
ous cavity, which results in the classic hallmark petaloid pattern seen by fluorescein
angiogram (FA) (Fig. 1); additionally, new insights have been added by spectral-
domain optical coherence tomography (OCT) technology (Fig. 1b). The manage-
ment of this entity is described in another chapter. The differential diagnosis should
include epiretinal membrane, macular hole, age-related macular degeneration,
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Irvine-Gass Syndrome
Clinical Findings

Cystoid macular edema and Extensive cystoid macular
leakage at the optic disc by edema by OCT
fluorescein angiogram evaluation

Fig. 1 Clinical findings in Irvine-Gass syndrome. (a) Cystoid macular edema due to leakage of
fluorescein at the macula; note the petaloid patterns of leakage. (b) Optical coherence tomography
(OCT) showing the cystic changes due to release of inflammatory mediators

central serous chorioretinopathy, and, most importantly, vitreomacular traction
(VMT) syndrome [1-4].

In 1970, Reese et al. described an unusual macular condition in which an incom-
plete posterior vitreous detachment (PVD) resulted in traction on the macula accom-
panied by decreased visual acuity (VA) [5]. This condition was confirmed, not by
imaging techniques (such as OCT) as they were not yet available at that time, but
through the use of histological studies. Therefore, the term vitreomacular traction
(VMT) syndrome was coined.

Epidemiology

In observational and interventional studies, the mean age of patients diagnosed with
VMT is around 65-75 years, with a predominance of females. The condition is
unilateral in approximately 80 % of cases [6].

The prevalence of epiretinal membrane (ERM) increases with age and is approx-
imately 2 % in people over 50 years of age and 20 % in individuals older than 70
years. It can be bilateral in 20-30 % of cases [7, 8].

Idiopathic VMT syndrome can occur in either sex, at any age, and has no racial
predilection [8]. The incidence in women seems to be distinctly higher (about 65 %),
which may be attributed to the earlier onset of PVD due to premature vitreous
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liquefaction, likely associated with declining estrogen levels in the postmenopausal
period [9].

CME and VMT: Physiopathogenesis

A common physiopathological event in these diseases is vitreous syneresis (Fig. 2a).
Increasingly with age, synchysis of the vitreous gel and ultimately syneresis lead to
posterior vitreous detachment (PVD), a non-pathological process. PVD is not
related to significant problems in most patients; however, if there is an imbalance of
vitreal glycosaminoglycans and hyaluronic acid, the vitreoretinal adhesion to the
macular area does not weaken; pathological adhesion of the vitreous to the macular
area may occur, and abnormal PVD may happen, in a process known as vitreomacu-
lar adhesion (VMA) (Fig. 2b) [1, 9, 10], that results in no abnormalities at the macu-
lar architecture.

Focal VMA occurs when the perifoveal vitreous cortex is adherent to the macula
after detaching from the surrounding retina. This situation typically is asymptom-
atic non-pathological and causes no discernible retinal changes [2]. Alternatively,
VMA may result in abnormalities of the macular anatomy, resulting in the so-called

Physiopathogenesis of vitreomacular traction
syndrome (MVT)

neresis of Vitreous Vitreomacular traction

Fig.2 Physiopathogenesis of vitreomacular traction (VMT) syndrome. (a) Natural history of pos-
terior vitreous detachment and vitreous syneresis. (b) Proposed mechanism of epiretinal mem-
brane (ERM) proliferation in vitreomacular traction syndrome, according to Johnson [4] and
Chang et al. [14]. (/) After development of a partial posterior vitreous detachment, small splits
within the internal limiting membrane may form, allowing glial cells to gain access to the superfi-
cial retina (arrows), which serves as a scaffold for ERM proliferation. (2) These cells also prolifer-
ate on the detached hyaloid face (arrow), strongly anchoring the vitreous to the macula
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vitreomacular traction (VMT) syndrome (Fig. 2b); this occurs when the forces of
macular attachment are strong enough to cause anatomical disturbance of the macu-
lar architecture (Fig. 2b).

In VMT, tractional forces on the macula may cause two different pathologies
[11] (Fig. 3):

1. A focal configuration of the traction, also named V-shaped macular traction
(Fig. 3), which corresponds to less than 1,500 pm of traction: this is related to
macular holes (Fig. 4) and cystoid macular edema (Fig. 5).

2. A broad configuration of the traction, also named J-shaped macular traction,
which corresponds to more than 1,500 pm of traction: this is related to epiretinal
membrane formation and retinal thickening (Fig. 3).

By definition, VMT is always pathologic and symptomatic [1]. Symptoms com-
monly associated with VMT include metamorphopsia and blurred vision.
Asymptomatic VMA 1is not an indication for treatment and is a normal transient
phase in the course of PVD.

Diagnosis

The first step in diagnosis is a complete history from the patient, including type and
duration of symptoms, past ocular history (i.e., glaucoma, previous ocular surgeries,
trauma, etc.), and past systemic history (i.e., systemic diseases and medications),
including the use of drugs potentially related to the development and increase of
macular edema (e.g., systemic niacin, topical prostaglandin analogs) [6]. The cardi-
nal symptoms of macular diseases including VMT and ERM are related to anatomi-
cal macular changes and include decrease in visual acuity (VA), metamorphopsia,
micropsia, and rarely photopsia [6].

Because focal VMT may cause minimal symptoms, it is often diagnosed during
OCT evaluation performed in patients for other causes. Chronicity and strong trac-
tional forces in VMT can further distort the retina causing intraretinal cysts or pos-
terior pole tractional retinal detachment. If intraretinal cysts cause a dehiscence in
the internal limiting membrane (ILM), a lamellar hole is created, and if a complete
break from the ILM to the retinal pigment epithelium (RPE) is formed, a full-
thickness macular hole occurs (Fig. 4), seen as in interruption of retinal anatomy
with surrounding edema in the macular area [11-13].

Visualization of the fundus should include the peripheral retina to exclude
pathology such as retinal tears, vascular lesions, chorioretinitis, and intraocular
tumors that could induce macular edema [11].

OCT is useful in assessing the location of cleavage planes for patients in eyes
with surgical indication, helps in predicting visual prognosis, and also in postopera-
tive follow-up, assisting, for example, in the detection of recurrent and residual
ERMs [14-16]. Analysis of prognostic factors for vision recovery is possible by
assessing the structural integrity of the ellipsoid zone (IS/OS junction) and of the
external limiting membrane (ELM) [6].
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V shaped pattern-better prognosis ) shaped pattern-worse prognosis
500 microns of adhesion 1500 microns of adhesion
Cystoid macular edema Epiretinal membrane

Fig. 3 Distinct HD-OCT images of VMT syndrome based on the morphology and extension of
the vitreomacular adhesion. (a) V-shaped VMT (focal, less than 1500 um) and cystoid macular
edema by 3-dimensional SD-OCT. (b) J-shaped VMT (broad, more than 1500 um) and epiretinal
membrane by 3-dimensional SD-OCT. (¢) V-shaped VMT (focal, less than 1500 um) and cystoid
macular edema by 3-dimensional SD-OCT. (d) J-shaped VMT (broad, more than 1500 um) and
epiretinal membrane by 3-dimensional SD-OCT. (e) Focal VMT measurement based on the exten-
sion of traction. The greatest linear adhesion point 698 pm at the macular area, which better reflects
the surgical prognosis in comparison with the morphological classification by preliminary data
from 36 eyes that underwent surgery. (f) Diffuse VMT measurement based on the extension of
traction. The greatest linear adhesion point 1,728 pm at the macular area, which better reflects the
surgical prognosis in comparison with the morphological classification by preliminary data from
36 eyes that underwent surgery

The diagnosis of VMT syndrome is often difficult to make through clinical
examination alone. Even with thorough fundus contact lens examination, the
firm translucent adhesions of the vitreous at the macula may be essentially imper-
ceptible. This explains why this condition was considered to be rare and under-
diagnosed [11, 13, 16]. Distinct clinical presentations of VMT have been described
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In susceptible patients, the narrow (< 1500 um)
vitreomacular adhesion may lead to macular hole formation

Fig. 4 Evolution of macular hole formation in focal (less than 1500 um) VMT syndrome.
HD-OCT images of patients in distinct phases of VMT. (a) In some susceptible eyes, there is
an abnormal and strong vitreomacular adhesion causing a persistent foveal traction.
(b) Vitreomacular adhesion changing the foveal anatomy causing the vitreomacular traction
(VMT) syndrome. (¢) VMT and the associated cystoid macular edema. It is still unclear why
do some eyes progress to full-thickness macular holes and why do eyes detach the posterior
hyaloid and the traction component present regression. (d) If the macular traction persists, the
cystoid macular edema may progress to a pseudocystic change, and the stage IB macular hole
may develop. (e) Traction leading to a stage 2 macular hole with eccentric pseudo-operculum
and perifoveal detachment which is universally associated with macular holes. (f) Traction
leading to a more advanced stage 2 macular hole with eccentric pseudo-operculum, cystic
changes at the edges of the holes, and a more advanced and perifoveal detachment.
(g) Progression of traction resulting in a stage 3 macular hole. (h) Progression of traction
resulting in a stage 4 macular hole

[11, 17, 18]. They include macular surface wrinkling, similar in appearance to
ERM. Although in the past this syndrome was considered infrequent and not cor-
related with other maculopathies, it is now known that ERM may be associated in
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In susceptible patients, the narrow (< 1500um)
vitreomacular adhesion may lead to cystoid formation

Fig. 5 Fundus photograph. (a) Red-free image, (b) fundus autofluorescence, (c) and fluorescein
angiogram (d) of a patient with tractional cystoid macular edema. The fundus photograph
(a) shows a yellow spot that corresponds to the hyperautofluorescent pattern on the autofluores-
cence image. A corresponding midphase fluorescein angiogram (d) shows minimal leakage from
the retinal capillaries which are completely different than. High-definition optical coherence
tomography (e, f) shows focal vitreomacular adhesion with a perifoveal vitreous detachment caus-
ing tractional cystoid foveal edema. Note that the focal pattern of foveal leakage and no angio-
graphic disk edema related to tractional component (d) is completely different than petaloid
pattern of edema associated to angiographic edema mediated by cytokines (Fig. 1a); the OCT
findings related to the tractional component (e—f) are also mild in comparison to the edema medi-
ated by cytokines (Fig. 1b)

most cases. A thickened and taut posterior hyaloid membrane may also be noted
[19]. Tractional CME is a subtle variant of VMT syndrome, and it may be present
in cases of unifocal vitreofoveal traction arising from partial PVD [11].

Classification of CME Related to VMT

The focus of this chapter is to describe the surgical management of CME. For didac-
tic reasons, we will divide CME that may benefit from surgical indications into two
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Epiretinal Membrane

Internal Limiting Membrane

Fig. 6 Epiretinal membrane (ERM) and internal limiting membrane (ILM) analyzed by electron
microscopy showing a segment of the ILM (arrow) and epiretinal membrane (arrowhead). The
matrix around the surface is composed of moderate amount of collagen fibrils with native collagen
(panel featured above right) (TEM 3800; picture fop right TEM 24000). The complex interaction
of ERM and ILM is the rationale to stain and remove the ILM in all cases related to ERM forma-
tion in order to minimize the possibility of ERM recurrence and/or macular edema

different clinical patterns according to the distinct physiopathogenesis, fluorescein
angiogram (FA) and OCT findings [11, 13, 16, 20]:

1. CME after cataract surgery related to persistent vitreous base traction and sec-
ondary VMT: in these eyes, the common finding is the angiographic papillary
edema (extensive FA leakage) associated with a petaloid pattern of leakage at the
macula and an important extension of CME by OCT due to chronic release of
high amounts of inflammatory mediators which results in a secondary tractional
component such as posterior hyaloid traction and/or epiretinal membrane (ERM)
formation (Fig. 1) [11, 13, 16, 20].

2. CME related to primary VMT (Figs. 2, 3, 4, and 5): in these eyes, the primary
abnormality is an abnormal and incomplete posterior vitreous detachment (PVD)
(Fig. 3). The common finding is minimal or no angiographic papillary edema
(minimal FA leakage at the optic disk and macula) as well as a focal extension of
CME seen on OCT due to a primary tractional component (Figs. 3, 4, and 5) and
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minimal release of inflammatory mediators. This results in minimal macular
changes on fundus photographs, FA and OCT (Fig. 5). ERM may be also present
(Fig. 6) [11, 13, 16, 20].

CME and Secondary Vitreoretinal Interface Disorders (VMT)

CME associated to secondary vitreoretinal interface disorders (VMT) is frequently
related to ERM formation in pseudophakic eyes. Surgical intervention is indicated
if best-corrected visual acuity (BCVA) is worse than 20/40 and/or metamorphopsia
in eyes previously undergoing medical treatment as described before (topical and
intravitreal steroids/anti-VEFG) [11, 13, 16, 20].

CME Secondary to VMT

The vitreous is attached to all contiguous structures of the inner eye, including the
internal limiting membrane (ILM) of the retina. The concept of VMT is an abnor-
mal adhesion of the vitreous at the macula which may result in morphological mac-
ular abnormalities. There are three basic morphological abnormalities that may be
observed in such primary VMT (Fig. 5): (1) CME, (2) macular holes, and (3) epiret-
inal membrane and retinal swelling [11, 13, 16, 20].

In general, surgical intervention in VMT should be performed by pars plana
vitrectomy (PPV) if BCVA is worse than 20/40 and/or persistent metamorphopsia
with symptoms present for more than 6 months [11, 13, 16, 20].

VMT and Associated Maculopathies Epiretinal Membrane
(Broad VMT; Extension>1,500 pm)

The ERM may play an important role in chronic VMT syndrome [14, 20], mainly
in broad adhesions (Fig. 3b) [21]. Partial PVD with vitreal traction can cause small
splits within the ILM, allowing glial cells to gain access to the superficial retina
(Fig. 2b). In these eyes, epiretinal fibroglial membranes proliferate from the retinal
surface onto the back surface of the detached posterior vitreous face. This configu-
ration imparts an increased strength of the vitreomacular adhesion and prolongs the
duration of the VMT by preventing the spontaneous separation of the vitreous and
the macula (Fig. 2b) [11, 13, 16]. Furthermore, the proliferative epiretinal fibroglial
membranes contribute contractile forces by increasing the tangential traction via
thickening and tightening of the detached posterior hyaloid and anchoring the
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posterior hyaloid to the surrounding retinal surface, thus enhancing the anteroposte-
rior traction caused by the VMT adhesion [14, 20] (Fig. 6).

Macular Hole and Tractional Cystoid Macular Edema
(Narrow VMT; Extension <1,500 pm)

The vitreoretinal relationship in eyes with tractional CME is similar to that seen in
eyes with an early-stage idiopathic macular hole (MH) and 4A-C [15, 20-26]. The
smaller the area of the foveal attachment, the greater the point force that is exerted,
causing more serious disease [24]. This condition of focal adhesion, also known as
vitreofoveal traction syndrome, implies an MH (Fig. 4d—f) and CME formation
(4A-C) [9, 20-24]. The strong effect of narrow bands of adhesion can lead to this
variant of VMT, also referred as tractional CME (Fig. 5).

Tractional CME must be distinguished from inflammatory diseases such as post-
operative pseudophakic CME, retinal vascular diseases, or uveitic CME, which gen-
erally exhibits important capillary leakage on fluorescein angiography (Fig. 1a).
Otherwise, tractional CME not linked with inflammation shows only minimal leak-
age if at all [15] (Fig. 5a—d). The reason why vitreofoveal traction leads to MH in
some cases (Fig. 4d—-f) and tractional CME without hole formation in other cases
(Fig. 4a—c), even with time, has yet to be determined [11, 13, 15, 16].

Specific Surgical Indications for CME Associated with VMT

In narrow VMT (less than 1,500 pm), surgical intervention by pars plana vitrectomy
(PPV) is indicated if BCVA is worse than 20/40 and/or persistent metamorphopsia
is present with symptoms for more than 6 months [11, 13, 16] (Fig. 3).

However, it is reported that incipient eyes with narrow configurations of VMT
(<1,500 pm), especially in those with CME associated with VMT, may have sponta-
neous resolution after complete posterior vitreous detachment (PVD). For this rea-
son, it is especially important that surgical indications in these eyes be very well
scrutinized (Figs. 3, 4, and 5) [11, 13, 16]. Normally, in such eyes, surgical consider-
ation requires 6 months of consistently poor or decreased BCVA and vision measure-
ment worse than 20/40 associated with complaint of metamorphopsia [11, 13, 16].

It is very important to be aware that CME is dynamic. It is not clear in the litera-
ture why spontaneous resolution of early CME associated with progression of PVD
occurs and that a full-thickness macular hole may progress in eyes where tangential
traction is more important. This distinct “benign” natural history (Fig. 5) or “more
aggressive” outcome (Fig. 4) is probably associated with an unexplained individual
trend that is not completely understood [11, 13, 16]. For this reason, surgical inter-
vention in VMT with less than 1,500 microns of macular extension (especially the
CME) should be indicated if poor BCVA is persistent for more than 6 months and/
or there is an evidence of worsening by OCT and/or metamorphopsia is present.
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In cases with less than 250 pm of persistent traction and no ERM is observed, the
induction of PVD by ocriplasmin injection or even an intravitreal injection of air/
gas may resolve VMT without necessity of surgical intervention [11, 18].

Treatment Options for CME and VMT

In a small number of cases, VMT resolves spontaneously without intervention;
therefore, oligosymptomatic cases should be managed conservatively [8].
Asymptomatic ERM should be closely observed.

The primary aim of any intervention in patients with CME secondary to VMT is
to release the tractional forces, thus facilitating the restoration of the macular archi-
tecture and improvement in BCVA [11, 16].

Pars plana vitrectomy (PPV) is the standard surgical approach for the treatment
of VMT and ERM, and if good prognostic factors are present, treatment should be
performed [11, 16]. Enhancements in intraocular illumination and wide field non-
contact viewing systems have optimized the surgeon’s view of the retina. Also,
sutureless small gauge sclerotomy and valved trocars associated with the new fluid-
ics of high-speed efficient cutters have reduced perioperative complications [27,
28]; additionally, chromovitrectomy has improved the intraoperative understanding
of the vitreoretinal interface [16, 29, 30].

Persistent CME may lead to irreversible visual loss as a result of apoptosis of the
photoreceptors [10]. In cases of extensive CME, its resolution is mandatory for the
preservation of BCVA. PPV with ILM peeling has been suggested as beneficial for
the rapid resolution of the retinal damage and CME in patients with VMT and ERM
[8, 16]. The improvement in BCVA continues for more than 6 months, and the mean
time to achieve best final vision is about 1 year [10]. Small studies have reported the
use pneumatic release of VMT based on the assumption that gas induces a mechani-
cal PVD [11, 16]; however, this is not an option in ERM cases [11, 18, 30].

Pharmacological vitreolysis has been recently advocated as an alternative treat-
ment option for VMT, but the presence of ERM excludes the option of the use of
these molecules [18]. Vitreolytic agents break down the peptide bonds in laminin and
fribronectin, molecules that maintain adhesion between the posterior vitreous face
and ILM. Various vitreolytic agents have been investigated, including collagenase,
chondroitinase, hyaluronidase, dispase, nattokinase, plasmin, arginine—glycine—
aspartate (RGD) peptides, plasminogen activators, and urea-based molecules [18].

Chromovitrectomy is a modality of treatment that includes the use of vital dyes
or crystals to improve visualization of the intraocular tissues during PPV, including
vitreous, ERM, and ILM. The ideal vital dyes should be safe for intraocular use, be
capable of reliable and selective staining of the intraocular membrasnes, and of
rapid elimination from the eye [12].

Many dyes are available for chromovitrectomy, i.e., trypan blue (TB), brilliant
blue (BB), indocyanine green (ICG), infracyanine green, and lutein-associated to
brilliant blue [12]. ICG is currently used to stain the internal limiting membrane
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(ILM) to aid peeling, even though there are serious concerns about retinal toxicity
[29]. TB is thought to be the ideal dye for ERM identification, ICG and BB are
ideal for ILM peeling, and triamcinolone acetonide (TA) is useful for vitreous
identification and complete separation from the ILM [29]. Despite this, the United
States Food and Drug Administration has not approved any dyes for use during
chromovitrectomy. Currently, BB is not approved for human use in the USA, and
other agents such as ICG, TB, and TA are considered off-label drugs to be used
during vitreoretinal procedures. However, BB is approved for chromovitrectomy in
Europe.

It is unclear if there is an additional benefit from ILM peeling in addition to
removal of the VMT and ERM, but it is commonly practiced to ensure complete
removal of surface traction and avoid recurrences [6, 15, 16].

After posterior hyaloid removal, the dye should be injected gently into the vitre-
ous cavity filled with fluid (usually balanced salt solution) and left on the retinal
surface for the minimal time to allow staining (typically less than 1 min) before
being washed out to reduce the possibility of toxic effects [29]. ILM/ERM mem-
brane peeling should be performed, and following completion of vitrectomy, careful
checking of the peripheral retina for retinal tears is mandatory [16, 30].

Many cases of VMT maintain good BCVA with mild metamorphopsia and do
not require treatment. Some cases can resolve spontaneously with complete PVD,
generally with similar favorable anatomic and functional outcomes than surgical
treatment [31, 32].

However, other cases manifest poor VA and progressive macular traction which
demand surgical treatment. Several investigators reported surgical outcomes asso-
ciated with VMT syndrome, with improvement of VA in 44-78 % of the cases
[16, 31-37]. Melberg and associates [37] obtained visual improvement in only
44 % of the eyes and attributed the limited improvement in BCVA to chronic reti-
nal detachment, premacular fibrosis, CME, and macular schisis. However, the sur-
gical technique was performed more than 20 years ago, and no sutureless PPV,
valved trocar, fluidics, and chromovitrectomy were available at that time. Recently,
data (2015) from 36 eyes with VMT subjected to PPV, ILM peeling, fluid-air
exchange, and combined phaco-PPV associated showed a much better BCVA out-
come [16].

Most of the authors did not address the relation between surgical outcomes and the
type of vitreous adherence, probably due to it being a small case series [16, 31, 37].
Otherwise, recent studies have shown that specific preoperative OCT patterns of
VMT may predict the postoperative visual improvement. Short duration of symp-
toms, low preoperative macular thickness, and configuration of VMT (V-shaped)
shared better visual outcome after surgery [35, 36], while partial posterior vitreous
detachment temporal to the fovea (J-shaped) in which prominent CME developed
may result in a macular hole or macular atrophy postoperatively [36].

Despite successful relief of posterior hyaloid traction, improvement of signs and
symptoms is not always achieved [11]. Usually, patients with focal VMT adhesion
and V-shaped pattern have lower preoperative BCVA than those with broad adhe-
sion and J-shaped pattern. It is important to consider that the final VA is similar
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between both groups, so the improvement of BCVA is higher in focal cases [16].
This also may be a consequence of the degenerative macular changes due to the
chronic nature of the broad VMT type, with longer duration of symptoms and pro-
longed macular thickening [16].

Vitreous surgical techniques include removal of both anteroposterior and tangen-
tial tractions. It is important to consider some aspects of the surgical anatomy. In
VMT, a “double layer” of preretinal proliferation can be found [16, 29]. The ante-
rior layer may simply represent a thickened posterior hyaloid. Even a double layer
of the posterior hyaloid may be found, an anatomical abnormality known as hya-
loidosquisis, more frequently observed in highly myopic as well as diabetic eyes,
and the use of triamcinolone acetonide are very important in order to identify this
anatomical abnormality or other abnormalities of the vitreoretinal interface such as
an ERM that may be present [29]. Generally, in these cases, the vitreous is tightly
anchored to the foveal center, and its separation is hardly difficult, requiring the
peeling of the ERM using no dyes, triamcinolone, or trypan blue before vitreofoveal
separation [29]. In a few cases, the ERM and ILM must be peeled “en block™ using
brilliant blue; in all VMT cases, we suggest to use the triamcinolone for posterior
hyaloid identification and, at the end of the surgery, brilliant blue staining for ILM
identification and peeling [16, 29].

Surgical Technique for Management of CME
Associated with VMT

In both cases (CME secondary to either intraocular surgery due to cytokine
release or secondary to VMT), our preferred surgical technique for management
of CME is similar: a four-port pars plana vitrectomy (PPV), vitreous base iden-
tification, and shaving using preservative-free triamcinolone acetonide (TA) as
well as identification of possible retinal tears at the periphery by indentation of
vitreous base and removal of all possible tractional components from the iris
root/intraocular lens (IOL) [16]. Posterior hyaloid identification and removal (if
attached) should be performed using TA. ERM removal should be performed
using no dyes (Fig. 7), a higher amount of TA, or even trypan blue if difficulties
arise in identification [16].

Despite controversies in the literature, we believe the ILM should be peeled in all
cases [16]. Staining with brilliant blue (BB) should be employed (Fig. 8a); however,
many techniques may be used to complete this surgical step (Table 1) [29]. It is very
common to identify tears at the ILM (Fig. 8b) that are difficult to observe during
surgery [30]. These tears work as a scaffold for astrocytes migration and metaplasia
to myofibroblasts with contractile properties and result in re-proliferation of the
epiretinal tissue and recurrence of the epiretinal membrane (Fig. 6) [11, 16, 30]. The
surgeon should complete the ILM peeling over the entire macular area (Fig. 8c—e).
During this maneuver, the surgeon may “unroof” the cystic changes, and an iatrogenic
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Fig. 7 Chromovitrectomy applied to cystoid macular edema (CME) and ERM formation in
Irvine-Gass syndrome after cataract surgery in a proliferative diabetic retinopathy systemic under
local as well as systemic control of the disease. The focus is the posterior hyaloid and ERM visu-
alization by deposition of triamcinolone crystals. (a) 0.3 ml of preservative-free triamcinolone
acetonide (40 mg/ml) injection to identify the vitreoretinal interface after core vitrectomy, poste-
rior hyaloid detachment, and shaving of the vitreous base, (b) initial phase of epiretinal membrane
(ERM) peeling in an eye with cystoid macular edema, (c) intermediate phase of ERM peeling in
CME. Note that ERM is thick, and the endgrip forceps must grasp the base of ERM in order to
avoid tearing, and (d) late phase of ERM peeling in CME. Note that cystic changes are observed
in the center of the surgical field. The maneuver to grasp the base of the ERM sometimes is neces-
sary many times for a successful surgical procedure

macular hole may develop [16]; in these cases, fluid-air exchange with filtered air or
SF¢ 20% or C;Fg 15 % should be used as a vitreous substitute following surgeon’s
preference [16]; prone positioning (3—7 days) is controversial and is not used by our
team, except for specific cases, particularly chronic macular holes or persistent iatro-
genic holes after surgery. Therefore, fluid-air exchange and air injection at the vitre-
ous cavity (Fig. 8f) are important for the management of CME associated with VMT
and should be used in two situations: (1) if the intraoperative manipulation of the
macular area is very intense and/or (2) if intraoperative observation of iatrogenic of
macular holes [16]. No prone positioning is required after surgery; however, patients
may be aware that BCVA will be worse than before the surgical procedure for around
5-7 days (until the intravitreal air/gas bubble is reabsorbed). We particularly advise
patients not be placed in prone positioning, and the use of C;F; 15 % if macular hole
is present along with a history of more than 1 week of decrease in BCVA, even
though this is still a controversial subject in the literature [16].



11 Surgical Management of CME Associated with Vitreoretinal Interface 191

Fig. 8 Chromovitrectomy applied to cystoid macular edema (CME) and ERM formation in
Irvine-Gass syndrome after cataract surgery in a proliferative diabetic retinopathy under local as
well as systemic control of the disease. The focus is the internal limiting membrane (ILM) identi-
fication. (a) 0.1 ml of brilliant blue (0.5 mg/ml) injection to identify the ILM after epiretinal mem-
brane (ERM) peeling, (b) note the brilliant blue staining of the ILM. A tear at the ILM is observed
(unstained retina) just after ERM peeling to the tight adhesion of the previous ERM through the
ILM, (c) initial phase of ILM peeling in CME. The ILM is also thick, and the endgrip forceps must
grasp the base of the ILM tissue in order to avoid tearing, (d) final phase of ILM peeling in
CME. Note that cystic changes are observed in the center of the surgical field. The maneuver to
grasp the base of the ERM sometimes is necessary many times for a successful surgical procedure
because the ILM is very friable, (e) final aspect of the macula with the cystic changes after ILM
peeling, and (f) fluid-air exchange and filtered air injection at the vitreous cavity were performed.
No prone positioning was indicated

Complications of PPV

PPV for VMT or ERM is a safe procedure, with low rates of complications.
Intraoperative complications include vitreous hemorrhage, retinal surface damage,
and peripheral iatrogenic retinal breaks [27-30]. Most can be successfully managed
if promptly identified intraoperatively. Complications after PPV include formation
or progression of preexisting cataract, corneal decompensation, development or
recurrence of ERM, retinal detachment, glaucoma, development of a macular hole,
macular ischemia, rubeosis iridis, and neovascular glaucoma [6, 11].

Vitrectomy can be incomplete, leaving remnants of vitreous cortex on the ILM,
with consequences such as persistent traction and/or renewed proliferation of cells
at the vitreoretinal interface which may lead to later recurrent traction [11, 16, 30].
Superficial retinal hemorrhages are common after ILM peeling, although they do
not seem to be visually significant in most cases [16].
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Interaction of light from endoillumination source and vital dye may increase or
decrease the risk of toxicity. Light-induced retinal toxicity by the endoilluminator
is dependent on factors such as the duration of use, type, power, and wavelength
of light source [29]. Photosensitizing dyes could enhance phototoxicity by
increasing levels of free radicals, creating a photoproduct that could be harmful to
retinal cells. We suggest shifting light absorbance from one site of the retina to
another [16].

CME and VMT Syndrome: New Concepts

A joint study (Barraquer Institute, Barcelona, Spain, and Federal University of Sao
Paulo, Sao Paulo, Brazil) analyzed a variety of vitreomacular traction (VMT) mor-
phologies to establish a major classification that could reflect the preoperative pre-
dictive factors of postoperative visual and anatomic outcomes [16]. In this series, 36
eyes submitted to vitrectomy and internal limiting membrane (ILM) peeling were
categorized with a VMT pattern (V- or J-shaped) and diameter (focal < 1,500 pm or
broad > 1,500 pm) based on optical coherence tomography [16].

Different classifications of VMT were compared. Despite similar postoperative
best-corrected visual acuity (BCVA) values (P=0.393), cases with focal VMT had
greater visual improvement (P=0.027); however, the BCVA improvements did not
differ between the groups regarding the classic VMT morphologic patterns:
V-shaped and J-shaped (P=0.235) [16].

This study concluded that postoperative outcomes and macular disorders are
closely related to VMT size. The adhesion diameter (focal or broad VMT) and
not the classic VMT morphologic pattern (V- or J-shaped) may better predict the
postoperative anatomic and functional outcomes, and this is used in clinical
practice [16].

Conclusions

VMT syndrome is implicated in the pathophysiology of a number of macular disor-
ders, with variable anatomical and function outcomes which underscore the com-
plexity of the disease. These macular changes are intimately related to the VMT
configuration, which led to proposals for classification of this syndrome, based on
OCT findings [11, 13, 16].

Moreover, the size and strength of the remaining vitreomacular attachment may
define the specific maculopathy. Focal VMT usually leads to MH formation, trac-
tional CME, and foveal retinal detachment, while broad VMT is widely associated
with ERM, diffuse retinal thickening, and poorer recovery of foveal depression
[11, 13, 16].
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Future Perspectives

There are several unanswered questions in relation to vitreomacular adhesion. One
of the most interesting ones is relating to the role of pharmacologic vitreolysis; posi-
tive results from trials have made ocriplasmin a promising pharmacologic agent for
the treatment of VMT [18]. Its indication, however, is limited to selected cases and
not for ERM. Ongoing studies that should be launched soon will certainly help
address safety issues and results by specifying the patients that could benefit from
this approach [18].

The field of vital dyes used for chromovitrectomy is extensive and is constantly
undergoing improvement [12, 29]. New vital dyes associated with lutein have been
tested as well as other dyes in different concentrations and methodologies, with
multiple experimental studies and clinical trials underway [12].
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Chapter 12

Surgical Management of Cystoid Macular
Edema Associated with Retinal Vascular
Occlusions

Ahmet M. Hondur and Tongalp H. Tezel

Retinal Arterial Occlusions

Central Retinal Artery Occlusion

Central retinal artery occlusion leads to a sudden blockage of blood supply to inner
retina, resulting in severe vision loss. It is an ophthalmic emergency and widely
accepted to be the ocular analogue of acute ischemic cerebral stroke. The risk fac-
tors are similar to cerebral stroke and ischemic heart disease [1].

The incidence of acute central retinal artery occlusion is 0.85/100,000 per year.
It accounts for 1.13 cases in 10,000 ophthalmological outpatient visits and 57 % of
all acute retinal artery obstructions [2, 3].

Although central retinal artery occlusion clinically resembles ischemic cerebral
stroke, there are several etio-pathogenic differences. Nearly 80 % of cerebral strokes
are ischemic in nature and occur due to the stagnation of blood flow within a cere-
bral artery secondary to a thrombus or embolus. The remaining 20 % are hemor-
rhagic strokes and as the name implies develops secondary to a cerebral hemorrhage.
Analysis of thrombi retrieved from cerebral arteries of patients with acute ischemic
stroke revealed that most thrombi were composed of fibrin and platelets. This obser-
vation provides the basis for thrombolytic treatment in ischemic stroke [4].

On the other hand, 74 % of the emboli that cause central retinal artery occlusion
are made of cholesterol (Hollenhorst plaques) and only 15.5% of them are
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fibrin-platelet in nature. The remaining 10.5 % are calcific emboli [5]. Hence, only
a small percentage of retinal arterial emboli may respond to thrombolytic
treatment.

In spite of its embolic etiology, visible emboli can only be seen in 20-40 % of
eyes with central retinal artery occlusion [6, 7]. This may be due to the fact that the
embolus usually blocks the central retinal artery where it pierces the dural sheath of
the optic nerve. The lumen of the artery is at its narrowest at this site, however, it
cannot be seen clinically [8]. Fragmentation and distal migration may also cause
emboli to not be clinically visible [6].

Transient occlusion of central retinal artery has also been described. Such tran-
sient events have been attributed to the dislodging of emboli, vasospasm of the
central retinal artery, or transient compromise of the blood flow due to nocturnal
hypotension [9—11].

Clinically central retinal artery occlusion can be subgrouped into four different
entities [12]:

(i) Non-arteritic permanent central retinal artery occlusion

(i) Non-arteritic transient central retinal artery occlusion
(iii) Non-arteritic central retinal artery occlusion with cilioretinal sparing
(iv) Arteritic central retinal artery occlusion

There is a “presumed” critical period after the occlusion of the central retinal
artery beyond which permanent visual loss occurs. If blockage is removed within
this period and blood supply is restored, full visual recovery is possible. Classical
knowledge obtained from experiments in old atherosclerotic hypertensive rhesus
monkeys indicates that no detectable damage occurs in the retina within the first
97 min after clamping central retinal artery. However, retinal damage becomes mas-
sive and irreversible after 240 min [13].

Partial recovery of central vision beyond the described experimental critical
period has been reported in patients with non-arteritic permanent central retinal
artery occlusion [12, 14, 15]. A simple explanation can be incomplete closure of
central retinal artery in such cases [16]. However, discrepancies between the animal
model and human disease can also be explained by the failure of central artery
clamping to mimic all aspects of central retinal artery occlusion in patients. A recent
case series revealed that immediate vitrectomy with or without manual dislodging
of the embolus may improve all patients’ central visual acuity by more than three
Snellen lines and result in 20/40 or better visual acuity in 44 % of the patients. Rapid
alleviation of the cytotoxic retinal edema and increased oxygenation of the retinal
penumbra were proposed to explain the visual recovery [17]. This study demon-
strates that in patients with central retinal artery occlusion, retinal cell death does
not solely occur as a result of acute ischemia but also due to secondary events that
follow the ischemic episode, such as cytotoxic cell edema. Inner retinal edema
develops in all cases with total occlusion with disorganization of inner retinal layers
in 77 % of the patients (Fig. 1). The amount of inner retinal edema is a major factor
determining the functional outcome of central retinal artery occlusion and plays a
more important role than the time to presentation [18]. This indicates that apart from
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Fig.1 Forty-seven-year-old patient with central retinal artery occlusion. The patient’s visual acu-
ity is at light perception level. (a) Fundus exam revels typical whitening of the retina and cherry-
red spot. (b) A HD-OCT scan reveals hyperreflectivity of the inner retina due to the edema and
opacification of the inner retinal layers and cessation of the axoplasmic transport

acute ischemia, there are several secondary events that play a role in inner retinal
neuronal loss. In order to comprehend the role of vitrectomy, response of retinal
neurons to ischemia has to be reviewed. Once the oxygen saturation starts to drop,
inner retinal neurons shut down their excessive metabolic activities to adapt to
hypoxic environment. They initiate anaerobic metabolism, increase synthesis of
neuroprotective proteins and chaperones, and halt several ATP-consuming pro-
cesses including the visual cycle. This vegetative state can allow retinal neurons to
survive in the hypoxic milieu. Maintenance of viability even in a vegetative state
also requires a low but continuous flow of oxygen that is required to maintain basic
metabolic needs. Diffusion of oxygen through intact choroid is the most possible
source for this limited but vital amount of oxygen. A compensatory increase in
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choroidal blood flow has been observed in central retinal artery occlusion. The bio-
logical effect of oxygen diffusion from the choroid is clinically evident with the
intact peripheral visual fields in central retinal artery occlusion where oxygen from
the choroid can easily diffuse through the thin peripheral retina to supply adequate
oxygen for retinal cell survival. However, the retina is thickest at the perifovea and
thus does not allow diffused choroidal oxygen to reach levels as high as in the
periphery. Also, the relatively crowded arrangement of retinal neurons aggravates
compressional cell death once cytotoxic edema develops. For these reasons, visual
field defects manifest most commonly as central scotoma in central retinal artery
occlusion. If left untreated, prolonged hypoxia eventually shuts down the energy-
dependent ionic pumps and leads to sodium and water leakage into the cell. Hydrops
of the retinal neurons finally causes cell rupture and death. Restoration of retinal
perfusion before cytotoxic cell edema leads to irreversible neuronal loss can pre-
serve the central vision. Thus the surgical treatment of the central retinal artery
occlusion should aim to restore retinal oxygenation either by reestablishing retinal
blood flow or by removing the vitreous and elevating preretinal oxygen tension with
convectional oxygen currents. Increased oxygenation will initiate full metabolic
activity, resolve intracellular edema, and help remaining retinal neurons regain their
function. Side benefits of vitrectomy may include removal of inflammatory and pro-
apoptotic chemokines, and decreased N-methyl-D-aspartate (NMDA) induced cell
death with intravitreal injection of triamcinolone acetonide.

Several other surgical approaches have been attempted to restore the blood flow
in central retinal artery occlusion after the failure of medical treatments [19, 20].
The surgical goal has traditionally been to destroy, remove, or dislodge the visible
embolus. Thus, traditional surgical approaches aim to address only 20—40 % of the
non-arteritic central retinal artery occlusions where the embolus is visible [6, 7].

These traditional surgical approaches are:

(i) Local intra-arterial fibrinolysis

(i) Neodymium:yttrium-aluminum-garnet (Nd: YAG) embolysis and embolectomy
(iii) Surgical embolectomy
(iv) Surgical cannulation of the central retinal artery

Local intra-arterial fibrinolysis involves local infusion of a fibrinolytic agent,
such as urokinase or recombinant tissue plasminogen activator (rt-PA), at the site of
occlusion via catheterization of the ophthalmic artery. Although several retrospec-
tive reports claimed functional outcomes better than natural history, the recent
report of the European Assessment Group for Lysis in the Eye (EAGLE) proved
otherwise [21]. In this prospective and randomized multicenter study, patients
between the ages of 18 and 75 years who had acute central retinal artery occlusion
of less than 20 h onset with a presenting visual acuity of less than 0.32 were ran-
domly assigned to receive either intra-arterial 50 mg recombinant tissue plasmino-
gen activator or a conservative therapy including massage of the eye, topical
beta-blocker, acetazolamide, aspirin, heparin, and isovolemic hemodilution. The
primary end point was best corrected visual acuity at 1 month. The study was halted
after the first interim analysis because similar outcomes were seen in both groups,



12 Surgical Management of Cystoid Macular Edema in Retinal Vascular Occlusions 201

with an increased risk of complications in the local intra-arterial fibrinolysis group,
such as stroke, transient ischemic attacks, aphasia, and hemiparesis [22]. The con-
clusion of the study was to not recommend local intra-arterial fibrinolysis in treat-
ment of acute central retinal artery occlusion.

Opremcak and Benner were the first to describe the use of Nd: YAG laser to break
the intraluminal embolus and dislodge it distally to restore the blood flow in branch
retinal artery occlusion [23]. Their technique was subsequently modified by Reynard
and Hanscom, to make a small arteriotomy through which the embolus leaves the
arterial lumen into the vitreous [24].

Later Opremcak and colleagues reported a case series of ten eyes with central
retinal artery occlusion treated with Nd: YAG laser and named the technique “trans-
luminal Nd: YAG embolysis and embolectomy,” depending on whether the embolus
was fragmented or moved to the vitreous, respectively [25]. The median energy
employed was 1 mJ, with an average energy per pulse at 2.4 mJ (range, 0.3-9 mJ).
Restoration of retinal blood flow was noted in all eyes; however, intraoperative
complications as vitreous or subhyaloid hemorrhage were noted in five (50%)
patients, which mostly required pars plana vitrectomy. Visual acuity improved with
an average of 4.8 Snellen lines gained including the eyes that underwent vitrectomy.
However, this technique was not extensively embraced due to failure to reproduce
similar results, limited effectiveness, and high complication rates [26].

After the report of successful surgical removal of a branch retinal artery embolus
[27], there have been attempts of surgical embolectomy for central retinal artery
occlusion [26, 28]. With this technique, following standard three-port pars plana
vitrectomy with removal of posterior hyaloid, the artery is reached and dissected
with a microvitreoretinal blade or bent needle tip, and the plaque is dislodged into
the vitreous cavity spontaneously or removed with a vitreoretinal forceps. In case of
arterial bleeding, hemostasis is obtained by increasing the intraocular pressure.
Although bleeding was a common complication, authors noted that occasionally
vasospasm closed the incision. This procedure was also performed with transcon-
junctival sutureless small-gauge pars plana vitrectomy [28]. However, none of the
operated eyes improved beyond counting fingers [26, 28]. Currently, a prospective
multicenter study has been recruiting patients to determine whether surgical embo-
lectomy results in better functional outcome compared with natural history [29].

Tang and Topping reported a single case treated with surgical cannulation of the
central retinal artery [30]. After vitrectomy, they penetrated the central bifurcation
of the central retinal artery with a microvitreoretinal blade and cannulated the cen-
tral retinal artery for a length of 3.5 mm with a 50-gauge nickel titanium flexible
stylet. They moved the stylet forward and backward with circular motions and
observed emergence of a small clot. An improvement in visual acuity from counting
fingers to 20/25 at 4 months was noted.

In a recent study, the effectiveness and safety of vitrectomy with and without
manual dislodging of the embolus was reported [17]. In this case series of 18 eyes
with non-arteritic central retinal artery occlusion, immediate 25-gauge pars plana
vitrectomy with posterior hyaloid separation and manual dislodging of the embolus
was performed within 36+25 h (range: 6-72 h) of the onset of the symptoms.
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Intraoperative restoration of the retinal blood flow along with rapid disappearance
of the macular edema was observed in all patients. Visual acuity improved more
than three lines in all eyes. At 2 weeks, eight patients (44.4 %) were able to see
20/40 or better, whereas visual acuity remained below 20/200 in another eight
patients (44.4 %). No significant visual acuity changes were observed after the sec-
ond postoperative week for up to 12 months. Results of this study indicate that
immediate vitrectomy can result in partial restoration of foveal vision in central reti-
nal artery occlusion.

Branch Retinal Artery Occlusion

Branch retinal artery occlusion results in less severe loss of vision compared to
central retinal artery occlusion. An embolic event with underlying atherosclerosis is
almost always the cause apart from arteritic cilioretinal artery occlusion. Central
and branch retinal artery occlusions share the same risk factors. Branch retinal
artery occlusion represents 38 % of all acute retinal artery obstructions [2].

Actually, the so-called branch retinal arteries are arterioles; hence, the widely
used term of “branch retinal artery occlusion” is a misnomer. Their diameter close
to the optic disc is about 100 pm, which is typical for an arteriole. In addition, unlike
arteries, they possess neither an internal elastic lamina nor a continuous muscular
coat. Therefore, they are not affected by giant cell arteritis [31].

Branch retinal artery occlusion has been divided into three subclasses:

(i) Permanent branch retinal artery occlusion
(ii) Transient branch retinal artery occlusion
(iii) Cilioretinal artery occlusion

(a) Non-arteritic cilioretinal artery occlusion alone
(b) Non-arteritic cilioretinal artery occlusion with retinal vein occlusion
(c) Arteritic cilioretinal artery occlusion

Visible emboli in branch retinal arteries can be observed much more often in
branch retinal artery occlusion than in patients with central retinal artery occlusion
[32, 33].

The visual prognosis in branch retinal artery occlusion is generally favorable,
with final visual acuity of 20/40 or better in 80-90 % of eyes [34, 35]. Some degree
of macular perfusion through contralateral temporal branch can prolong the critical
period for retinal survival and increase the chance for spontaneous visual recovery
in branch retinal artery occlusion [26, 36]. Aggressive therapy is required for branch
retinal artery occlusion cases involving the fovea [31].

Two surgical treatment modalities for branch retinal artery occlusion have been
described:

(1) Surgical embolectomy
(ii)) Nd:YAG embolysis and embolectomy
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Surgical removal and intravascular fragmentation of an embolus in a branch reti-
nal arteriole was first described by Peyman and Gremillion [27]. Despite the surgical
procedure being done 60 h after the onset of the occlusion, visual acuity of their
patient improved from counting fingers to 20/200. The gain in visual acuity was also
observed in a following case series where six patients underwent surgical embolec-
tomy within 20.5 h (range 4-33 h) of the occlusion [26]. However, these results may
not be any better than the natural course of branch retinal artery occlusion [36].

Opremcak and Benner described Nd:YAG laser embolysis in nine patients [23,
25]. Three patients (33 %) experienced dense vitreous hemorrhage that required vit-
rectomy to clear the blood. Overall, VA improved an average of 4.67 Snellen lines
[25]. The functional outcome of this study is also no different than the natural course
of the branch retinal artery occlusion. Moreover, serious complications such as sub-
retinal hemorrhage, retinal tears, choroidal neovascularization, and epiretinal prolif-
eration can occur during or after Nd: YAG laser embolysis [37].

Retinal Venous Occlusions

Central and branch retinal vein occlusions are common causes of vision loss in the
elderly and the second most common retinal vascular disease after diabetic reti-
nopathy. Their prevalence is 1-2 % in people older than 40 years of age, with branch
retinal vein occlusion being four times as common as central retinal vein occlusion
[38-40].

Retinal vein occlusions are classified into two major subclasses:

(i) Central retinal vein occlusion

(a) Ischemic
(b) Nonischemic

(i) Branch retinal vein occlusion

(a) Ischemic
(b) Nonischemic

Hemicentral retinal vein occlusion is a rare and a unique condition where one of
the two trunks of the central retinal vein is occluded [41]. Its clinical features resem-
ble those of a central retinal vein occlusion. Macular branch vein occlusion is
another subset of branch retinal vein occlusion, where a small branch that drains a
part of the macula is affected. Macular branch vein occlusion shows different char-
acteristics than branch retinal vein occlusion. It is not associated with subsequent
retinal neovascularization; complications such as macular edema and hemorrhages
are less common, resolve earlier [42], and respond to vitrectomy better [43].

All retinal vein occlusion have thrombotic etiologies. The pathogenesis of retinal
vein occlusion has been described to follow the principles of thrombogenesis,
involving hemodynamic changes (stasis, turbulence) and endothelial injury [44].
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Fig. 2 Seventy-three-year-old male patient with central retinal vein occlusion. (a) Posterior seg-
ment exam reveals tortuous veins and petaloid appearance of cystoid macular edema. (b) Horizontal
OCT scan crossing the foveola shows “volcano-style” cystoid macular edema. Note that some of
the Muller cell columns have already broken up, allowing lateral spread of the intraretinal fluid
indicating the chronicity of the edema

The vein is believed to become narrowed at an arteriovenous crossing point due to
compression from the neighboring atherosclerotic artery, where both vessels share
the same adventitial sheath. The blood flow in the vein becomes turbulent at the
constriction, which inevitably causes endothelial cell damage and death, exposing
subendothelial matrix and leading to formation of a clot [45]. Although both branch
and central retinal vein occlusions are thrombotic processes, the impact of local and
systemic factors in predisposing to these conditions is quite different. For example,
increased blood pressure, hyperopia, and atherosclerosis are more common in
branch retinal vein occlusion patients, whereas high intraocular pressure seems to
play a more important role in the development of central retinal vein occlusion [46].
Such differences also exist in the natural history and therapeutic response of both
pathologies [47].

A variety of hematologic risk factors for general venous thrombosis have been
observed to occur sporadically in retinal vein occlusions. It was concluded that they
do not play a major importance in the pathophysiology of retinal vein occlusion [48,
49].

Retinal vein occlusion results in delay in retinal blood flow through the occluded
segment, which in turn leads to macular ischemia and/or edema, two major causes
of loss of visual acuity. Increased hydrostatic pressure, ischemia-induced vascular
endothelial growth factor upregulation, and inflammation are the major causes of
cystoid macular edema in retinal vein occlusion [50, 51]. Moderate to severe macu-
lar edema is a part of the clinical picture in 87 % of the central retina vein occlusions
(Fig. 2) [52], 51 % of the branch retinal vein occlusions (Fig. 3), and 29 % of the
macular branch vein occlusions. It resolves in 51 % of the cases in 2 years [42, 52].
Short duration of macular edema is known to be associated with favorable visual
outcome in retinal vein occlusions [53]. Results from various studies have shown
that macular edema can be controlled with intraocular injections of anti-vascular
endothelial growth factor agents and/or steroid implants [54-56]. Despite good
initial response, several intravitreal injections are needed to prevent the recurrence
of the macular edema. Pharmacologic therapy also falls short of addressing other
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Fig. 3 Seventy-one-year-old male with left inferotemporal branch retinal vein occlusion. (a)
Occlusion of the inferotemporal retinal vein at the first bifurcation resulted in intraretinal hemor-
rhages and edema extending toward fovea. (b) A cross-sectional HD-OCT reveals acute massive
intraretinal fluid buildup at the fovea. Note that posterior hyaloid remained attached at the apex of
the cystoid macular edema

comorbidities, such as macular ischemia. Although functional results of several
intravitreal anti-vascular endothelial growth factor trials for vein occlusions are
favorable, application of these results to daily clinical life may be misleading since
in many trials, eyes with characteristics of ischemia such as poor visual acuity and
afferent pupil defect were excluded [57, 58].

Central Retinal Vein Occlusion

The prevalence of CRVO is estimated to be 0.80 per 1000 persons (95 % CI: 0.61-
0.99) [40]. The surgical approaches described for its treatment can be classified as
follows:

(i) Induction of chorioretinal venous anastomosis with intense laser burns
(ii) Surgical establishment of chorioretinal venous anastomosis
(iii) Pars plana vitrectomy
(iv) Radial optic neurotomy (RON) (also called optic nerve sheath decompression)
(v) Retinal vein cannulation and direct injection of recombinant tissue plasmino-
gen activator (also called retinal endovascular lysis)

McAllister and Constable described the technique of laser-induced chorioretinal
venous anastomosis for the treatment of nonischemic central retinal vein occlusion,
in which a focal laser burn near a tributary vein is performed to rupture the vein wall
toward the underlying Bruch’s membrane. The aim of this procedure was to produce
a functional anastomosis between the occluded vein and choroidal circulation [59,
60]. A chorioretinal anastomosis was achieved in about a third of eyes with nonisch-
emic central retinal vein occlusion. However, no functional anastomosis was
achieved in eyes with ischemic central retinal vein occlusion [61]. Difficulty of the
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technique and low rate of success, coupled with high rate of adverse events such as
chorioretinal neovascularization at the treatment site, fibrous tissue proliferation,
distal vein closure, macular traction, and vitreous hemorrhage, impeded approval of
the technique [62—64]. Also some criticism was raised claiming that the technique
conferred no additional benefits when compared to the natural course of nonisch-
emic central retinal vein occlusion [63].

Later, Peyman and colleagues described the surgical method to induce chorio-
retinal anastomosis [65]. Following a standard three-port pars plana vitrectomy and
separation of the posterior hyaloid, they placed multiple slit-like incisions through
the Bruch’s membrane around major veins in four quadrants. In order to promote
chorioretinal vascularization, they inserted Mersilene sutures over these incisions.
In their series of five eyes with ischemic central retinal vein occlusion, 10 of 16
anastomoses remained patent. Visual acuity improved in three eyes (60 %) and one
eye achieved 20/50 vision. Significant complications included optic atrophy (60 %),
occlusion of the retinal veins (40 %), vitreous hemorrhage (80 %), macular traction
due to significant epiretinal membrane formation (40 %), and fibrous glial prolifera-
tion at chorioretinal incision sites. Absence of iris or angle neovascularization was
considered to be a beneficial effect of the surgery.

Kado and colleagues observed increased incidence of posterior vitreous detach-
ment (PVD) in eyes followed with central retinal vein occlusion. They attributed
this to the plasma leak into the vitreous from the occluded vessels. High incidence
of persistent macular edema in cases with attached posterior hyaloid suggested the
role of vitreomacular adhesion in the development of macular edema and pars plana
vitrectomy as a surgical remedy to relieve the traction [66]. Potential benefits of
vitrectomy also included removal of the cytokines that increase vascular permeabil-
ity such as vascular endothelial growth factor and an increase in retinal oxygenation
[67, 68]. Efficacy of pars plana vitrectomy in central retinal vein occlusion has been
reported in many case series. Better visual results have been obtained in eyes with
nonischemic central retinal vein occlusion treated earlier [69—75]. Surgical trauma
and ischemia-related inner retinal atrophy remained as the two major factors for the
failure of visual gain after resolution of the macular edema in these vitrectomized
eyes [76].

A false assumption has been considering internal limiting membrane as a barrier
for diffusion of intraretinal fluid into vitreous [51]. This idea led to a few attempts
to decompress the swollen retina with internal limiting membrane peeling during
pars plana vitrectomy [77-79]. As expected, no benefit was seen in peeling the
internal limiting membrane, and even a detrimental effect on visual acuity was
noted [76, 80-82].

Another surgical approach used to treat central retinal vein occlusion was radial
optic neurotomy. This approach was based on the assumption that optic nerve is
compressed at the level of lamina cribrosa due to a tight and rigid scleral ring. A
radial cut to nasal parapapillary scleral ring was suggested as a remedy to relieve the
compression on optic nerve [83]. Despite improvement in visual acuity in some eyes
[84—87], this technique was criticized for lacking anatomic basis. Contradicting stud-
ies reported the site of occlusion of the vein to be at varying distances posterior to the
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lamina cribrosa in the optic nerve, rather than at lamina cribrosa as suggested. In
histopathological studies lamina cribrosa was found to be a firm, compact, rigid band
of collagen tissue instead of an elastic structure that could be decompressed with a
radial incision. Also, a common fibrous tissue capsule wrapping the central retinal
artery and vein throughout their course at the center of the optic nerve was found to
be a more likely structure to compress the central retinal vein rather than the scleral
ring outside optic nerve [47, 88-90]. Radial optic neurotomy surgery also carries
some serious complications, such as severe immediate intravitreal hemorrhage, cho-
roidovitreal neovascularization, visual field defects, retinal detachment originating
from the incision site, neovascular glaucoma, phthisis bulbi, central retinal artery
laceration, and optic nerve atrophy [85, 86]. Observing comparable benefits without
aradial parapapillary cut indicates that pars plana vitrectomy and subsequent physi-
ological changes, such as increased oxygenation, removal of inflammatory and
angiogenic mediators, or relief of traction provide the reported benefits [84].

Retinal endovascular lysis was described by Weiss [91]. In this technique, a bev-
eled bent glass cannula is used to enter manually into the lumen of a peripapillary
branch retinal vein followed by injection of recombinant tissue plasminogen activa-
tor solution. Weiss and Bynoe also reported positive results in a 28-patient case
series, treated at a mean time of 4.9 months (range: 1 week—30 months) after occlu-
sion [92]. However, positive results could not be reproduced in a following study
with ischemic eyes [93]. Furthermore, the rationale was later challenged due to the
fact that thrombolytic agents would not dissolve an organized thrombus after such a
long time [47]. The retrograde flow into the other veins as the thrombolytic is
flushed, which was accepted as the intraoperative evidence of successful thrombus
lysis, was considered as a sign of unaffected outflow resistance. Development of
anti-vascular endothelial growth factor treatment, requirement for sophisticated
equipment, long learning curve, and high complication rates including vitreous
hemorrhage, retinal detachment, proliferative retinopathy, neovascular glaucoma,
and phthisis bulbi remained as major factors for the failure of acceptance of this
method [93].

Branch Retinal Vein Occlusion

Branch retinal vein occlusion is the second most common cause of retinal vascular
disease after diabetic retinopathy [38—40]. As high as 50-60 % of eyes with branch
retinal vein occlusion may achieve a final visual acuity of 20/40 or better without
treatment [94, 95]. However, other studies have argued that despite visual acuity
generally improving without intervention, clinically significant improvement
beyond 20/40 was uncommon in eyes with branch retinal vein occlusion [96].
Although the mean visual acuity in laser-treated eyes improved in the Branch Vein
Occlusion Study [97], laser therapy for macular edema was not found to be as effi-
cacious in eyes with a visual acuity of 20/200 or worse, which indicates the need for
alternative treatments [98].
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The major surgical approaches described for treatment of branch retinal vein
occlusion can be classified as follows:

(i) Pars plana vitrectomy with posterior hyaloid detachment
(i) Arteriovenous dissection/sheathotomy

The mechanism of reduced macular edema by pars plana vitrectomy is similar to
that in central retinal vein occlusion. In fact, improvement of the oxygen supply to
the ischemic inner retina with pars plana vitrectomy was first demonstrated in a
branch retinal vein occlusion model [67]. Increased oxygenation in return could
provide arteriolar vasoconstriction and reduced hydrostatic vessel pressure as well
as avoid release of mediators of vascular permeability and leakage such as vascular
endothelial growth factor. Another mechanism could be relief of traction by remov-
ing the posterior hyaloid [99]. In addition, surgical creation of posterior vitreous
detachment can accelerate the maturation of collateral vessels [100, 101].

There have been various reports of successful treatment with pars plana vitrectomy
for branch retinal vein occlusion associated macular edema [100, 102—104]. A recent
prospective multicenter study showed that pars plana vitrectomy had a slight advan-
tage over photocoagulation for the treatment of macular edema secondary to branch
retinal vein occlusion [103]. Another study suggested that 25-gauge vitrectomy and
intravitreal bevacizumab injection had similar efficacies in improving visual acuity
and macular edema in branch retinal vein occlusion at 1-year follow-up [104].

Osterloh and Charles described the technique of surgical arteriovenous dissec-
tion or sheathotomy for branch retinal vein occlusion [105]. In this procedure, a pars
plana vitrectomy is followed by creating an incision in the adventitial sheath at the
arteriovenous crossing with separation of the arteriole from the vein. Arteriovenous
dissection can be accomplished more easily when the arteriovenous crossing
responsible for the occlusion is close to the optic nerve, since the larger vessels are
more resistant to surgical trauma and can withstand surgical manipulation more
favorably than those located at more distal crossings [106]. Various studies have
reported successful treatment of macular edema with sheathotomy in branch retinal
vein occlusion [107-111]. Lakhanpal and associates reported successful results
after limited arteriovenous crossing manipulation without pars plana vitrectomy
using 25-gauge instrumentation in 12 eyes with branch retinal vein occlusion [108].

However, comparative studies of pars plana vitrectomy with or without arterio-
venous sheathotomy revealed comparable resolution rates of macular edema and
final VA results, suggesting that pars plana vitrectomy alone is responsible for the
beneficial effects [100, 102, 112]. Horio and Horiguchi reported that the positive
effect of sheathotomy on retinal blood flow was transient, and pars plana vitrectomy
was more likely to contribute to the reduction of macular edema [113]. In other
studies of arteriovenous sheathotomy, visual improvement was found irrespective of
successful dissection of vessels, improvement in circulation, or reperfusion of the
preoperative ischemic territory [99, 114-116].

A few studies have reported that addition of internal limiting membrane peeling
to arteriovenous dissection may yield better visual results [111, 117], while this was
not observed in other studies [118-120].
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Intravitreal injection of a thrombolytic agent at the end of pars plana vitrectomy
was tested by Christodoulakis and Tsilimbaris in three cases [121]. One patient
required a reoperation for intravitreal hemorrhage, and another developed an epiret-
inal membrane with no major benefit in visual acuity in any of the three eyes.
Garcia-Arumi and associates directly injected a thrombolytic agent into the occluded
vein after arteriovenous sheathotomy, which resulted in marginally better final
visual acuity in cases with intraoperative thrombus release [122]. However, intraop-
erative thrombus release was observed in only 27.5 % of the cases and was associ-
ated with earlier surgery.

Tang and Han studied the histopathological findings after arteriovenous shea-
thotomy in human cadaver eyes [123]. They reported that complete lysis of the
arteriovenous sheath is often difficult because of the tight adhesion and fibrous con-
nections between the arteriole and the vein. They also noted that the common medial
wall is only about 15 pm thick and can easily be lacerated during the sheathotomy.
In a histopathological study after arteriovenous sheathotomy, remarkable damage in
nerve fiber layer, absence of internal limiting membrane, and edema in deeper reti-
nal layers were observed [124]. The connection between the artery and vein was
found to be very tight, and the common medial wall separating the lumina of the
arteriole and the vein was only 4.5 pm thick, making it almost impossible to dissect
without piercing the vessels.

Potential complications of arteriovenous sheathotomy include hemorrhage, retinal
tears or detachment, postoperative gliosis with retinal traction, and retinal detachment
and nerve fiber layer defects with associated scotoma [106]. Such serious complica-
tions raised concerns about the overall value of arteriovenous sheathotomy [125].

Based on best clinical evidence, pars plana vitrectomy with posterior hyaloid
detachment appears to be most widely embraced surgical treatment for intractable
macular edema due to both central and branch retinal vein occlusions.
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Chapter 13

Surgical Management of Vitreous Retained Lens
Fragments During or Following
Phacoemulsification Surgery

Pedro Amat-Peral, Jorge L. Alié y Sanz, and Francisco L. Lugo-Quintas

Introduction

Cataract surgery is presently among the most frequently performed surgical pro-
cedures worldwide. Although the technique has developed greatly in recent years,
with maneuvers becoming safer and less traumatic, some definitive risks still
exist.

One of the most feared complications for eye surgeons is the dislocation of the
lens or lens fragments into the vitreous cavity. It is estimated that this complication
may occur in 0.3—1.1% [1] of cases. Fortunately, this decreases significantly and
proportionally with improvement in skills as surgeons progress along the learning
curve.

Lens dislocation into the vitreous cavity can happen unrelated to surgery, as in
the case of ocular trauma, or may be spontaneous as with the Marchesani or Marfan
syndrome.

However, far more frequently, lens dislocation occurs intraoperatively as a com-
plication of cataract surgery. Causes of intraoperative lens dislocation are diverse.
Dislocation of the whole lens is rare and related to lens instability or infrequently to
conditions such as the pseudoexfoliation syndrome. Most of the cases of lens dislo-
cation into the vitreous cavity involve the nucleus or nucleus fragments and are
related to rupture of the posterior capsule or zonular dialysis during phacoemulsifi-
cation surgery (Fig. 1).
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Fig. 1 Process of core dislocation into the vitreous caused by rotating the fragment to the area of
rupture; the surgeon has not detected the lack of support maintaining irrigation

Throughout this chapter, we will refer specifically to the complications occurring
in cataract surgery and describe how to identify patient risk factors, secondary
ocular complications, and appropriate medical and surgical treatment to minimize
visual impact and preserve patient quality of life.

Causes for Retained Lens Fragments During or
Following Cataract Surgery

It is essential that the surgeon be able to recognize and identify patients with a
higher risk of developing this surgical complication to take the appropriate mea-
sures and technique modifications to minimize the risk. In a good preoperative
evaluation, most of these causes can be detected, including significantly
hard cataracts, poor pupillary dilation, capsular pseudoexfoliation, previous
trauma causing zonular weakness, and vitrectomized eyes lacking vitreous back
support [2].
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How Lens Fragments Are Displaced into the Vitreous
During Phacoemulsification

Dislocation of lens material during cataract surgery may be essentially due to two
mechanisms: posterior capsule rupture (Fig. 1) and dehiscence of the zonules.
Tearing of the posterior capsule can occur during the hydrodissection or when the
nucleus is phacoemulsified. The latter is more frequent in eyes with variations in
anterior chamber depth, especially if high levels of aspiration and power are used,
and in previously vitrectomized patients, when the density of the vitreous does not
exert posterior support for these changes. Capsular rupture can occur when the core
is sculpted too close to the posterior capsule, especially when there is no good vis-
ibility. It can also be due to the shift from a dense area of the core to another softer
area, where the increase in the suction force can drag nuclear, cortical, and capsular
content quickly into the phacoemulsification handpiece opening.

When a posterior capsule tear is detected (Fig. 2), the phacoemulsification tech-
nique must be modified to prevent further tearing. The surgeon should avoid rotat-
ing the core as it may increase the defect and increase the risk of dislocation (Fig. 1).

Excessive handling and large fluctuations in chamber pressure should be avoided.
The surgeon should use a second instrument to hold the nucleus and approach the
phaco tip. If it is a large capsular rupture, it can be protected with a sheet slider,
raising the upper pole of the nucleus while protecting underneath the aperture and
helping extraction by phacoemulsification. Finally, it can be converted to extracap-
sular extraction of the core with large corneal incision [3].

Maneuvers to perform Maneuvers to avoid

Remove nuclear fragments that | Avoid phacoemulsification into the vitreous from the
remain in the anterior chamber anterior chamber

Use automated vitrectome Avoid using aggressive maneuvers (like vitreous handles) to

besides the bimanual technique | rescue lens material that has gone deep into the vitreous

Protect corneal endothelium Avoid removing the nucleus by irrigating the vitreous
with viscoelastic fluid

Aspirate as much of cortical
remains as possible

Complications Related to the Retained Lens Fragments

Lens fragment dislocation is a potentially serious ocular complication with clinical
manifestations largely dependent on the amount of dislocated material. While
smaller fragments may be generally well tolerated, large amounts can cause severe
intraocular inflammation. The intensity of this inflammation as well as the final
visual prognosis will depend on the type of lens material, with nuclear fragments
causing far more severe symptoms than remnants of epinucleus or cortex. [4].
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Fig. 2 Posterior capsule
rupture

The most common complications include decreased visual acuity, intraocular
inflammation, corneal edema, and ocular hypertension. Less frequent complications
are retinal detachment, choroidal detachment, vitreous hemorrhage, cystoid macu-
lar edema, and endophthalmitis.

A decrease in vision is the most common symptom of this complication with
several series reporting visual acuity rates of 20/400 or worse from 41.2 to 89 % [5-7].
Intraocular inflammation is present in most cases with reported rates between 67.1
and 87 % [5-7] and often manifests as corneal edema, secondary glaucoma, or cystoid
macular edema. Also known as phacoanaphylactic uveitis, this inflammation is caused
by proteins of the lens fragments and may manifest as conjunctival hyperemia with
ciliary injection, eye pain, and ocular hypertension. In some cases, this inflammation
can be very severe with cell/flare >2+ accompanied by a hypopyon, giving the appear-
ance of a real endophthalmitis. Cases of acute endophthalmitis have been reported that
are associated with dislocation of lens fragments and have been demonstrated by posi-
tive cultures [8]. Therefore, in cases with the presence of severe intraocular inflamma-
tion, culture is required to rule out infection and pursue appropriate treatment.

Corneal edema is another manifestation of lens fragment dislocation and has
been estimated as having an incidence of 46-61 % [5, 6]. Corneal edema may be
caused by intraocular inflammation as well as by increased intraocular pressure and
should be treated rapidly as vitrectomy should ideally be performed with greatest
possible corneal transparency.

An increase in intraocular pressure as high as 25-30 mmHg can be seen in about
half of these patients [6, 7]. The increase in pressure may be due to either the
massive presence of inflammatory cells at the level of trabecula or the remains of
lens material. This acute increase in intraocular pressure can cause chronic glau-
coma if the inflammation remains persistent.

Retinal detachment is present with an incidence that varies between 3.6 and
21.5% [1, 9]. It is a feared complication and can be responsible for poor visual
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prognosis for some patients. This detachment is usually caused by surgical maneu-
vers in complicated cataract surgery or during subsequent vitrectomy which can
cause retinal tears or secondary vitreous traction. Excessive irrigation and the search
for material in the vitreous cavity increase the risk of retinal breaks. The lens frag-
ments themselves may directly cause retinal breaks as well as indirectly lead to
vitreoretinal traction and neurosensory detachment secondary to inflammation,
bleeding, and subsequent cellular proliferation [10].

Cystoid macular edema can appear as a late complication secondary to intraocu-
lar inflammation caused by the lens material in approximately 7 % of cases [6].

Evaluation of Patients with Retained Lens Fragments
and Management of the Associated Complications

Detailed patient evaluation is important before considering vitrectomy to obtain the
best possible results. This preoperative evaluation will depend on the time lag
between initial surgery and vitrectomy. If the vitrectomy is immediately following
surgical complication, the evaluation will be shallower; however, if a vitreoretinal
surgeon or necessary equipment is not available, it is more convenient to delay the
surgery and undertake a thorough patient evaluation.

Knowledge of the patient’s ocular history helps to determine whether preexisting
disease may have caused the complication and determine viability of subsequent
surgeries. Eye trauma, high myopia, previous episodes of uveitis, diabetic retinopa-
thy, vitrectomy, sclerectomies, or previous valve implants may complicate surgical
removal of fragments or help determine the surgical approach.

When examining the patient, the first thing to be noted is the visual acuity. This
will depend on many factors such as the presence of fragments in the visual axis,
macular edema, the degree of cellularity in the anterior chamber, and vitritis. Visual
acuity is an important prognostic factor because visual acuity of 20/40 or better has
been shown to be an indicator of better final visual acuity [9]. The external examina-
tion should be performed after and the degree of eye and eyelid inflammation assessed.

When to Operate: Early Versus Delayed Removal

Pars plana vitrectomy for removal of retained lens fragments should be indicated
when the displacement of the lens to vitreous cavity occurs spontaneously, second-
ary to trauma, or following a surgical complication [11-16]. It is also considered
when a large part of the crystalline remains have gone into the vitreous cavity and/
or persisted in the capsular bag.

Surgery must also be considered to prevent complications attributable to the reten-
tion of fragments in the vitreous whether these appear immediately (ocular hyperten-
sion, inflammatory reaction), late (cystoid macular edema, retinal detachment), or may
affect the visual acuity as in the case of vitreous opacities or symptomatic floaters.
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The indication for vitrectomy is not so clear if lens residues are scarce and do not
generate pressure or inflammation beyond the early postoperative period [14, 17] In
fact, if the material amount is small, it may gradually be reabsorbed, thus avoiding
further surgery.

There is some controversy about determining the optimal timing of vitrectomy to
remove the lens fragments. Currently, there are two trends: either to perform the
vitrectomy as soon as possible after cataract surgery (early surgery) [18, 19] or do it
in a deferred way [9, 15, 16, 20].

Early vitrectomy, immediately after cataract surgery, involves only moderate
technical difficulty. In addition, the condition is prevented from worsening and a
second procedure is avoided. Wilkinson suggests that the absence of macrophages
and other inflammatory markers during the first days after cataract surgery leads us
to think that early surgery may prevent further complications [11].

Corneal opacity appears often on the day after surgery and limits the visualiza-
tion, making it necessary to delay the surgery until the eye is in good condition.

On the other hand, performing vitrectomy when the complication arises makes it
necessary to have a vitreoretinal surgeon available with assistants familiar with the
technique. In addition, due to the widespread use of topical anesthesia for cataract
surgery, either additional peribulbar or retrobulbar anesthesia is required.

Vitrectomy, when deferred, can be performed with the necessary equipment. In
addition, the resolution of corneal edema provides transparent media. Moreover,
greater hydration of cortex and core debris that occurs over time increases the ease
of fragment extraction.

The disadvantages of delaying vitrectomy include delayed resolution of the
issue, the need for a second operation, and the increased possibility of a secondary
pathology (chronic glaucoma).

Several studies conclude that the time lag before vitrectomy does not signifi-
cantly influence the final functional outcome [9, 14, 15, 20-22].

However, these findings may be biased by the limited number of cases in the
series and the consequent variability.

Although there are studies like those of Kageyama et al. showing that 82 % of
patients undergoing vitrectomy at the time of complicated cataract surgery reach a
BCVA of 20/40 or greater [12], the literature does not support early vitrectomy as a
superior choice.

An initial aggressive drug treatment can aid in delayed vitrectomy by improving
corneal edema and acute inflammation, thereby improving visualization and condi-
tions to perform the surgery.

Moreover, other studies conclude that the risk of secondary open-angle glau-
coma increases when surgery is delayed by over 1 week [9, 15, 21].

Since it is not always possible to perform vitrectomy the same day as cataract
surgery, the most appropriate time to carry it out will depend on the degree of cor-
neal transparency and intraocular inflammation, the patient’s general condition, and
the availability of instruments and skilled staff.

In general terms, assuming there are no significant complications requiring ear-
lier surgery, the vitrectomy should be performed in the week following failed phaco-
emulsification [2].
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Figs. 3 and 4 Infusing saline through the anterior chamber to avoid hypotonia and to complete
correctly the incision maneuvers through trocars

Preoperative Examination

Evaluation depends on when the vitrectomy for extraction of lens remnants is per-
formed. Theoretically, although there is no consensus, this second surgery should
ideally occur at the same time as the surgical complication, even though this means
a very superficial examination of the patient is undertaken. In this case the surgeon
must take into account the intraocular pressure of the eye—usually hypotonus—
especially if previously the eye has been manipulated by the cataract surgeon in an
attempt to remove the vitreous core. Hypotonia may hinder the incision maneuvers
through trocars, which may only incompletely perforate the wall of the globe, caus-
ing subretinal fluid infusion. To avoid this, the eye should be filled with viscoelastic
fluid through the anterior chamber or a saline infusion through the paracentesis
(Figs. 3 and 4).

Because immediate action is not the most frequent due to the difficulty of having
a vitreoretinal surgeon available, deferred action is often necessary. In that case a
complete clinical record and exploration can be made.

Examination of the Anterior Segment

Slit-lamp examination assesses the degree of corneal transparency when special
emphasis is placed on the endothelium and helps determine the choice of location
of lens implantation in cases of aphakia. Incisions and degree of cooptation, pres-
ence of vitreous incarceration, and remains of suture are problems which also must
be solved to avoid further complications. Also important is the evaluation of the
cellularity in anterior chamber (Tyndall phenomenon) that can range from slight to
a true hypopyon and the presence of blood or fibrin and lens fragments that may be
housed in the anterior chamber, trabecular angle, or behind the iris. As discussed
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above, in cases of suspected endophthalmitis, obtaining microbiological cultures
and treatment will be a priority. Both corneal edema and inflammation should be
treated but preferably without delaying the removal of lens material. Also pupillary
dilation will need to be evaluated because poor mydriasis due to the presence of
synechiae complicates the surgery and requires maneuvers to increase the pupil
size. Evaluating the structure of the remaining posterior capsule in aphakic cases
helps to determine the necessity of implanting the lens either in capsular bag, in
sulcus, or sutured. In cases where the lens is implanted, the surgeon should assess
the stability of the lens, correct its position if necessary to prevent posterior disloca-
tion, or in cases of instability remove it along with the crystalline remains and defer
implantation of an intraocular lens to a later date.

The measurement of intraocular pressure and its pharmacological control in
cases of elevation are essential before performing the vitrectomy. Also, the presence
of hypotonia can suggest a major complication such as retinal detachment.

Examination of the Posterior Segment

Once the anterior segment is evaluated, a thorough dilated fundus exam should be
performed to explore the posterior segment. Through indirect ophthalmoscopy,
we can determine the degree of transparency of the vitreous, the presence of
bleeding, and size, density, and amount of dislocated lens material. Nuclear frag-
ments cause more inflammation and have a worse prognosis than the remnants of
cortex or epinucleus, making composition more important than size. The presence
of vitreous hemorrhage is a sign of severity that can be related to inadequate
manipulation, direct trauma, or vitreoretinal traction. If the low intensity of media
opacity permits indirect ophthalmoscopy, the surgeon must always rule out the
presence of retinal breaks that can be treated preemptively with argon laser and
the presence of choroidal detachments, most of which can be resolved with con-
servative treatment. Retinal detachment requires urgent vitrectomy as inflamma-
tion caused by the lens fragments in the vitreous cavity increases the risk of
developing a proliferative vitreoretinopathy [23]. Finally, the presence of cystic
macular edema or Irvine-Gass syndrome, which require early treatment, must be
excluded.

Although pars plana vitrectomy itself resolves most symptoms and complica-
tions of retained lens fragments, some risks remains. This risk of retinal detachment
has been reported in several series ranging from 4 to 10.3 % [24-27].

Moore et al. found an incidence of retinal detachment of 7.3 % before vitrec-
tomy to remove lens fragments and 5.5 % after, with 42 % of these detachments
occurring 3 months after surgery and half of them occurring with macular
involvement [28]. Due to this, some surgeons recommend performing prophy-
lactic retinal photocoagulation 360° to reduce the risk of subsequent retinal
breaks [29].
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Complementary Tests

B-Scan Ultrasonography Ultrasound is useful in cases where media opacity
obstructs the posterior segment view. It allows assessment of retinal detachments,
choroidal detachment, bleeding, inadvertent breaks, posterior vitreous detachment,
and the presence of endophthalmitis.

* Optical coherence tomography (OCT) of posterior and anterior segment: allows
evaluation of cystoid macular edema, macular vitreoretinal traction, as well as vitre-
ous incarceration at the incision sites and adherence of the iris or the pars plicata.

e Eye biometry in aphakic patients can help depending on the degree of corneal
edema and opacity media. Ultrasonic or optical biometers can be used. The con-
tralateral eye should be evaluated in cases of similar vision and refraction.

Surgical Techniques and Options

Surgical Procedure: Management of Soft Material, Medium
Soft, Hard, and Very Hard

The procedure of choice is a 3-port pars plana vitrectomy (Fig. 5). The goal of the
vitrectomy is to remove the remains of retained lens while avoiding vitreous traction
and retinal lesions.

First, the corneal wound should be sutured (Fig. 6) (if not previously done) and
after that the choice of sclerotomies is made:

* 20G sclerotomy if the hardness of the lens material makes use of ultrasonic
phacofragmentator predictable.

e 23G sclerotomy: when the material is not very consistent, it can be extracted by
transconjunctival vitrectomy with 23G trocars. New ultrasonic 23G phacofrag-
mentators are being developed, which will allow this technique under this caliber.

» Hybrid surgery can be done using smaller caliber ports (23 or 25G) and trans-
forming one of the ports to 20G to perform ultrasonic phacofragmentation [2, 30].

Intravitreal Maneuvers, Including the Use of Perfluorocarbon
Liquids

Both lenticular cortical remnants left in the anterior segment and vitreous incarcer-
ated in the incisions and the iris should be cleaned and released [17, 31], preserving
the rest of the anterior capsular support which will serve as support for the future
implantation of the intraocular lens.
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Fig. 5 The procedure of
choice will be 3-port pars
plana vitrectomy

Next, a thorough central and peripheral vitrectomy must be performed while
avoiding vitreoretinal traction generated by the instrument [11, 32, 33] (Figs. 7 and 8).

The use of perfluorocarbon liquid bubble serves as retinal protection against
ultrasound energy and mechanical trauma that may be produced by lens remains
striking the retina during emulsification [34]. Filling over half of the vitreous cavity
is not recommended as this may cause fragments to be retained in the vitreous base.
One difficulty in the use of perfluorocarbons is the tendency of the small fragments
to settle on the periphery of the meniscus of the perfluorocarbon bubble. Thus, the
use of the perfluorocarbon liquid bubble may be advisable in cases of fragments of
higher density [32, 35] (Fig. 9).

The next step is phacofragmentation and aspiration of lens remains; when it
comes to small remains and soft cores, the vitrectome should be used with a low
cutting frequency. The endoillumination probe may also be used to push small frag-
ments to the mouth of vitrectome [31-33].

Phacofragmentation parameters

Constellation (Alcon) Stellaris (Bausch & Lomb)
U/S: 50 % U/S: 0-20 %

Vacuum: 300 mmHg Vacuum: 200-300 mmHg
Pulsed mode: ten pulses/second | Continuous mode

Both phacofragmentation and core “impalement” maneuvers should be avoided
to prevent damage to the surface of the retina [2].

When the remains are abundant and the core is compact and solid, the phacofrag-
mentator can be used for fast, safe, and effective extraction [32, 33] (Fig. 10).

For optimum and safe use of the phacofragmentator, changes in the fluid param-
eters should be taken into account. High suction capacity should increase pressure
infusion. Furthermore, to avoid chatter or repulsion of fragments, it is better to work
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Fig. 6 The corneal wound
should be sutured to
maintain intraocular
pressure

Figs.7and 8 Central and peripheral vitrectomy must be performed avoiding vitreoretinal traction
generated by the instrument

with the phacofragmentator in linear mode and use low-power phacofragmentation
to engage the fragments better.

Pulsed mode should be used to avoid large fragment impalement on the phaco-
fragmentator mouth [31-33] (Figs. 11, 12, and 13).

After removal of all remains, an examination of the peripheral retina must be
carried out to detect breaks with scleral indentation in all cases, since traction/
energy from the phacofragmentator can generate peripheral retinal breaks.

Implantation of the IOL

It should be noted that in some cases, an IOL implant may not be desirable, and
rehabilitation with contact lens should be considered. This happens in other lens
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Fig. 9 The use of the
perfluorocarbon liquid
bubble may be advisable in
cases with higher-density
fragments

Fig. 10 Different models Pieza de mano para fragmentacion
of phacofragmentators

dislocations that occur in patients with Marfan syndrome, since alterations in the
vitreous base can often complicate the suturing of the IOL in the sulcus. In addition,
the IOL implant in the anterior chamber may be complicated by glaucoma, a lead-
ing cause of blindness in these patients.

In other cases the condition of the remaining capsule must be assessed to decide
on the implantation and determine which IOL is to be implanted based on the
recommended site.

The IOL must only be placed into the capsular bag that has enough stability. In
the posterior chamber, the IOL could also be placed in the sulcus (either on anterior
capsule if there is enough support or sutured to the iris). Another alternative could
be a lens in the anterior chamber (angular support or on the iris) (Fig. 14).
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Figs. 11,12 and 13 The use of phacofragmentator must be done carefully and without approach-
ing the retina to avoid producing damage to it

The surgeon has to be very particular in assessing the remaining capsule, because
when dealing with vitrectomized eyes, they do not have the support of the vitreous
gel.

The recommendations are as follows:

If there is at least 270° of full anterior capsule, [35, 36] the implantation of an
IOL in the sulcus with the following characteristics can be performed: a diameter
between haptics greater than 13 mm, hydrophobic, J-shaped haptics, and preferably
polypropylene and a three-piece IOL. IOLs should be avoided if under 13 mm,
hydrophilic, plate-type design, and/or unique to capsular bag [2].

If there are less than 270 ° of full anterior capsule, there are several options:

e Anterior chamber IOL (specific model and appropriate dioptric power).

e JOL (Artisan type) with anchor iris (specific model and appropriate diopter power).

e Sulcus sutured IOL.

* Three-piece IOL.

e Iris sutured IOL (behind iris): IOL with diameter between haptics >13 mm,
hydrophobic, with J-shaped haptics of polypropylene. The iris sutures are placed
at 12 and 6 h [2].
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Fig. 14 The IOL only
must be placed into the
capsular bag when it shows
sufficient stability

Outcomes and Complications of Fragment Removal
in the Vitreous Following Cataract Surgery

Visual prognosis of patients who have undergone pars plana vitrectomy for removal
of lens remains is quite good and has improved since the first published studies.
Between 44 and 82 % of patients operated on achieved a BCVA equal to or greater
than 0.5 (LogMAR) [6, 12, 17, 37].

The improvement in visual outcomes can be attributed both to the optimization
of the surgical technique in complicated cataract surgery and the benefit provided
by the PPV for these patients (Fig. 15).

In some cases, the BCVA will be reduced due to the occurrence of a number of
complications that can arise before or after the PPV [38].

Major complications of patients who have undergone a PPV for intravitreal lens
fragments are cystoid macular edema, glaucoma, and retinal detachment.

Cystoid macular edema is the most common cause of visual loss in patients who
have undergone PPV for extraction of intravitreal lens fragments [17]. This complica-
tion usually occurs in the first 6 months after the PPV; therefore, adequate monitoring
for early detection and initiation of a fast and aggressive treatment is necessary [39].

The appearance of an inflammatory secondary glaucoma, defined as persistent
IOP >30 mmHg, occurs between 3 and 25 % of cases after PPV [25-27]. Early
intervention after complicated cataract surgery could reduce the incidence of this
complication.

Retinal detachment can complicate 4—-12% of cases undergoing PPV for the
extraction of intravitreal lens fragments [17, 27, 37, 38, 40-42].

Although most retinal detachments can be repaired successfully, the final visual
acuity may be compromised. A recent study suggests performing a prophylactic
360° laser photocoagulation at the time of vitrectomy to reduce the incidence of
retinal detachment in these cases [2, 29].
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Fig. 15 After observing
that the IOL has enough
stability, the corneal
wound is sutured

Practical Recommendations/Guidelines for the Surgeon
in Trouble

¢ Generally, with exception of complications requiring early intervention, the vitrec-
tomy should be done within the week following the failed phacoemulsification.

e Both lenticular cortical remnants left in the anterior segment and vitreous incar-
cerated in the incisions and the iris should be cleaned and released, preserving
the rest of the anterior capsular support.

e A thorough central and peripheral vitrectomy must be performed to prevent vit-
reoretinal traction that could be produced by the phacofragmentator.

e The use of perfluorocarbon may be advisable in cases of fragments of higher
density.

e A thorough exam of the peripheral retina must be carried out to detect breaks
with scleral indentation in all cases.

e When implanting an IOL, the capsular remnant available must be properly assessed,
as vitrectomized eyes do not have the posterior support of the vitreous gel.
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Chapter 14
Conclusion and Outlook for the Future

Shlomit Schaal and Henry J. Kaplan

Since macular edema is a major cause of visual disability in many different ocular
diseases, we have approached this complication in three major areas in this text — Part
1, Pathophysiology and Diagnosis of cystoid macular edema (CME); Part I, Medical
Management of CME; and Part III, Surgical Management of CME. It is clear that
understanding the pathophysiology of this disease with its many different causes will
result in the future development of therapeutic options that do not exist today.

As Behar-Cohen and colleagues described in Chap. 2, the mechanisms leading to
macular edema are difficult to discriminate in the various clinical presentations.
Nevertheless, the use of multimodal imaging (i.e., fluorescein angiography (FA), indo-
cyanine green angiography, and spectral domain optical coherence tomography (OCT)
allows a better understanding of the exact alterations of retinal structures that result in
macular edema. Such an understanding will provide more appropriate and targeted
treatments. However, molecular mechanisms responsible for this complication of ocular
disease are most difficult to determine since the experimental models in rodents provide
limited insight since they do not have a macula. Thus, the molecular mechanisms
involved in the vasogenic and cytotoxic causes of macular edema still remain to be
resolved. However, our current understanding is very nicely presented in this chapter.

Multimodal imaging became of primary importance in recent years to appreci-
ate, diagnose, and follow the development and the resolution of CME in response to
treatment. In Chap. 3, Grewal and Jaffe nicely outline how fluorescein angiography
(FA) and fundus autofluorescence are used to evaluate CME, while spectral domain
OCT allows evaluation of the location, extension, pattern, and microstructural ana-
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tomical features of CME. FA, although a technique used for decades, still is the only
technique that allows identification of areas of leakage, thus providing complimen-
tary yet distinct information for diagnosis of CME and monitoring its response to
treatment. Future advances in imaging technology with higher acquisition speed
and hardware motion tracking along with improved automated image segmentation
analysis protocols will allow us to better characterize CME. Development of novel
anatomical biomarkers can offer prognostic implications and monitor response to
treatment. Newer imaging technologies including noninvasive OCT angiography
hold promise to help better elucidate the pathology of CME.

In Chap. 4 Escott and Goldstein discussed the medical management of CME in
uveitis. Since macular edema is the leading cause of vision loss in uveitis, its treatment
should be initiated early and continued until complete resolution so that there is no
permanent retinal damage and loss of central vision. Corticosteroids have been the
mainstay of therapy and can be given topically, by periocular injection, by intravitreal
injection, via an implantable depot device, or orally. Although the risks of cataract and
glaucoma can limit the ongoing use of corticosteroids and require other immunomodu-
latory agents, it still remains a mainstay of treatment. The authors discussed the use of
intravitreal anti- VEGF agents, intravitreal methotrexate, subcutaneous interferon alpha,
and systemic antitumor necrosis factor agents in the treatment of this complication in
uveitis. They emphasize that the decision about which agent to use has to be individual-
ized and can present therapeutic challenges.

The medical management of CME in diabetes is discussed in Chap. 5 by Turner and
Del Priore. They emphasize that the medical management of diabetic macular edema
(DME) has evolved since the first reports of the Early Treatment of Diabetic Retinopathy
Study (ETDRS) showed a 50 % reduction in vision with focal/grid laser. The more
sophisticated understanding of the factors involved in the pathophysiology of this com-
plication has resulted in the recognition that anti-VEGF agents are superior to laser for
the treatment of DME. This is particularly true in patients with center-involving DME
with vision loss. At the present time, the role of intraocular corticosteroids is still not
clear although it is common clinical practice to use intraocular corticosteroids in
patients who are poorly responsive to anti-VEGF treatment, as well as those patients
who are pseudophakic and have no evidence of glaucomatous optic neuropathy.
Several factors are involved in the choice of treatment for the management of DME
including cost, number of treatments, as well as response to therapy.

Khoshnevis and Sebag discussed the role of vitreo-macular traction (VMT) in
the development and management of macular edema in Chap. 6. They discuss how
anomalous PVD is the fundamental cause of vitreo-maculopathies associated with
macular edema presenting as both vitreo-macular traction, as well as macular
pucker. Additionally, vitreo-macular adhesion is an important contributor to macu-
lar edema associated with diabetic retinopathy, retinal vein occlusion, and even
exudative age-related macular degeneration. Consequently, vitreous surgery has a
definite role in the resolution of macular edema in the presence of suspected vitreo-
maculopathy. The role of pharmacologic vitreolysis in the management of this
complication is still to be determined although there now is a therapeutic option
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with enzymatic digestion of vitreo-macular adhesion. It is uncertain whether pro-
phylactic pharmacologic vitreolysis will actually prevent the development of mac-
ular edema in either primary vitreo-maculopathies or associated comorbid
disorders.

Buehl and Schmidt-Erfurth in Chap. 7 have demonstrated that intravitreal ther-
apy with anti-VEGF medication or corticosteroids is currently the most effective
treatment option for macular edema associated with retinal vein occlusion. Most
specialists currently favor an as-needed or treatment-extended regimen after the
initial, monthly anti-VEGF loading dose. However, studies have yet to compare the
long-term effectiveness and safety of repeated intravitreal injections with these
agents. Similar to the treatment of exudative age-related macular degeneration, the
use of aflibercept may allow for longer treatment intervals compared to ranibizumab
or bevacizumab. In chronic cases and patients who are nonresponsive to anti-VEGF
treatment, the continuous release of corticosteroid medication as with the sustained-
release dexamethasone implant may preclude the need for multiple repeated injec-
tions of other medications. Undoubtedly, the complications of cataract progression
and increased intraocular pressure require judgment by the physician as to the most
appropriate use of such sustained-release devices. In the future, prospective trials
are needed to compare long-term efficacy in the adverse effects of both anti-VEGF
and corticosteroid therapy. The evidence for combination therapy in the treatment
of retinal vein occlusion is still needed.

Al-Latayfeh in Chap. 8 discusses the development of CME with retained lens
fragments after cataract surgery, since CME is a major complication in this clinical
scenario. Although the introduction of modern phacoemulsification techniques
resulted initially in an increased incidence of posterior lens fragment dislocation,
this trend has certainly resolved. The management of CME with retained lens frag-
ments includes aggressive medical therapy with topical and oral non-steroidal anti-
inflammatory drugs (NSAIDs), as well as corticosteroids. If severe intraocular
inflammation doesn’t resolve quickly, pars plana vitrectomy with removal of resid-
ual lens material should definitely be considered.

Grigalunas and T. Merrill elucidate in Chap. 9 the surgical management of CME
associated with uveitis. Uveitis is a significant cause of vision loss in young people,
and the most common cause of vision loss in these patients is CME. Although the
initial management of uveitic CME is primarily medical, when maximum tolerated
medical therapy is inadequate, surgical approaches may provide an alternative or
adjunctive means of controlling uveitis and uveitic CME. Following vitrectomy in
uveitis patients, there is an overall trend in the literature toward decreased CME,
improved visual acuity, and reduction of medications. A large, prospective, random-
ized clinical trial is needed to confirm these findings. The surgical implantation of
FLAC implant has proven to be effective in resolving uveitic CME in a majority of
cases. The risks associated with implantation and long-term steroid exposure in the
implanted eye are significant and must be deliberated in each case. However, for
many patients, FLAC implantation provides a viable alternative to systemic therapy
for ME in chronic uveitis.
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In Chap. 10, Talcott and Eliott describe the surgical management of CME sec-
ondary to diabetes. In recent years, because medical therapeutic options for the
management of diabetic CME have expanded, surgical options may be deferred or
overlooked. It is important to always keep in mind that the eyes with observable
vitreous and/or epiretinal traction in addition to diabetic macular changes are most
likely to improve after vitrectomy. The eyes with refractory edema and no observ-
able traction, however, are less likely to improve with surgery. Unfortunately,
improvement in retinal thickening is often more impressive than improvement in
vision even in these select cases. However, vitrectomy and other surgical interven-
tions may be beneficial for select cases of diabetic macular edema, especially when
surgical intervention is undertaken early, before photoreceptor damage has occurred.

The surgical approach to CME with vitreo-macular traction (VMT) syndrome is
further discussed in Chap. 11 by Maia, Bottés, Elizalde, Badaro, and Arevalo. VMT
syndrome is implicated in the pathophysiology of a number of macular disorders,
with variable anatomical and function outcomes which underscore the complexity
of the underlying disease. These macular changes are intimately related to the VMT
configuration, which led to proposals for classification of this syndrome, based on
OCT findings. The size and strength of the remaining vitreo-macular attachment
may define the specific maculopathy. Focal VMT usually leads to MH formation,
tractional CME, and foveal retinal detachment, while broad VMT is widely associ-
ated with ERM, diffuse retinal thickening, and poorer recovery of foveal
depression.

Hondur and Tezel discuss in Chap. 12 novel surgical approaches to manage
CME associated with vascular occlusions. Although venous vascular occlusions are
commonly approached conservatively, using injectable pharmacotherapy, there is
continuous compiling evidence that surgical intervention may be appropriate in
selected cases. Pilot studies that employed surgical interventions in arterial retinal
vascular occlusions carry the promise of providing an alternative approach to a dis-
ease that commonly results in blindness.

And finally, Peral, Ali6, and Quintds describe in Chap. 13 the surgical manage-
ment of retained lens fragments during or following phacoemulsification surgery.
Along with the academic discussion, the authors provide practical and current
guidelines for the management of CME related with these surgical complications.

In this comprehensive text, we hope that readers will find guidance to the patho-
physiology, diagnosis, medical, and surgical management of CME that results from
various causes. As medicine is an ever-changing and ever-progressing art and sci-
ence, we hope and anticipate that current guidelines will have some modifications
and variations with time.
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