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Abstract

Anti-vascular endothelial growth factor agents reduce macular edema and improve vision in eyes with macular edema associ-
ated with retinal vein occlusion (RVO), including branch RVO (BRVO) and central RVO. However, not all eyes with resolved
macular edema show satisfactory best corrected visual acuity. Photoreceptor impairment can mostly explain the vision loss
in these cases. Photoreceptor damage can be caused by subretinal hemorrhage in the central fovea and hard exudates or their
precursor derived from concentrated lipoproteins originating from leaky retinal vessel extravasation. The contribution of
neuron impairment in the inner retina, including the impairment of bipolar and ganglion cells by ischemia, indicated by the
presence of a non-perfusion area (NPA), to vision loss in eyes with BRVO is insignificant. This is because the papillomacular

bundle area is usually spared from NPAs in BRVO cases.
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Introduction

The most common cause of vision loss in eyes with retinal
vein occlusion (RVO), including branch RVO (BRVO) and
central RVO (CRVO), is macular edema, which in many
cases can be successfully treated or managed with intravit-
real injections of anti-vascular endothelial growth factor
(VEGF) agents [1-3]. However, regardless of treatment eyes
with RVO and macular edema do not always recover satis-
factory vision after the macular edema has been resolved.
This is also true for eyes with the absence of late complica-
tions such as vitreous hemorrhage, neovascular glaucoma,
and traction retinal detachment due to the neovascularization
of the disc or retina during the chronic stages of the disease.
This review discusses the mechanisms of vision loss
beyond macular edema in eyes with RVO and macular
edema, and speculates on the histopathological process for
macular edema increasing vision loss in eyes with RVO.
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Three mechanisms causing vision loss
in eyes with macular edema associated
with RVO

Decreased vision due to macular edema is usually revers-
ible in acute cases of RVO. Central foveal thickness (CFT)
representing the degree of macular edema parallels visual
deterioration and recovery in the clinical course of treatment
with the intravitreal injection of anti-VEGF agents for eyes
with RVO and macular edema (Fig 1).

Whenever the macular edema is resolved after either a
single or repetitive treatments of intravitreal anti-VEGF
agents, visual recovery is satisfactory in many eyes with
RVO and macular edema. However, some eyes with RVO
and resolved macular edema show incomplete visual
recovery.

Eyes in the “BRAVO” study received monthly intravit-
real ranibizumab (IVR) for six months, followed by IVR pro
re nata (PRN) for six months. Out of the 131 cases in the
group treated with 0.5 mg of IVR, as many as 86% attained
a 250 um CFT or thinner at month 12 of the study period,
while only 66% attained a “good” BCVA score of 20/40
or better [4]. This means that 20% or more of cases had
“poor” BCVA scores (lower than 20/40) despite having a
dry macula with a CFT of 250 pm or thinner.
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Fig.1 Line graph of central foveal thickness (CFT) and LogMAR
best corrected visual acuity (BCVA) in a left eye with inferior tempo-
ral branch retinal vein occlusion (BRVO) with macular edema treated
with intravitreal bevacizumab (IVB) in an 84-year-old man. CFT is
rapidly diminished after IVB and subsequently experiences a grad-
ual increase. The changes in CFT are roughly synchronized with the
increase and subsequent decrease of BCVA. The color fundus photo-
graph at baseline is inserted

In the “CRUISE” study, the counterpart of the “BRAVO”
study, IVR was administered monthly followed by PRN in
eyes with macular edema secondary to CRVO. Out of the
130 cases treated with 0.5 mg IVR, 78% attained a dry
macula with a CFT of 250 pm or thinner at month 12 of the
study period, yet only 43% showed a BCVA score of 20/40
or better [5].

In the “VIBRANT” study, monthly or bimonthly intra-
vitreal aflibercept injections (IAI) were administered to 91
eyes with macular edema secondary to BRVO. 95% of the
91 cases treated with monthly IAI for 24 weeks followed by
bimonthly IAI for 48 weeks attained a dry macula at week
52 of the study period, and 85% of them attained a BCVA
score of 20/40 or better [6].

These results show that BCVA scores are not necessarily
high enough in eyes without residual macular edema after
treatment with intravitreal anti-VEGF agents.

Photic signals are delivered through the normally trans-
parent neural retina, and are received by photoreceptors
located in the outer retina. Then, the visual signal is trans-
mitted from photoreceptors to bipolar cells and ganglion
cells via unmyelinated axons. Therefore, to cause reduced
vision in eyes with resolved macular edema irreversible fac-
tors must be present either in the photoreceptors at the fovea
or in the inner retinal neurons connected to the foveal cones.

Three mechanisms of vision loss may be considered in
eyes with macular edema associated with RVO (Table 1):
(1) the impairment of the photoreceptors in the fovea; (2)
the impairment of the neurons in the inner retina; and (3) the
direct effects of macular edema itself causing neuro-retinal
swelling. Vision loss from the former two mechanisms may
probably be irreversible, and may contribute to a sustained
loss of vision after the resolution of macular edema.

Vision loss due to impairment
of photoreceptors in the fovea

Impaired photoreceptors in eyes with resolved
macular edema

Photoreceptor impairment in eyes with resolved macular
edema is demonstrated morphologically in the outer nuclear
layer (ONL), the external limiting membrane (ELM), the
ellipsoid zone (EZ), and the interdigitation zone (IZ). The
nomenclature and its abbreviation are based on the recent
report on consensus nomenclature for the classification of
retinal and choroidal layers and bands visible on spectral
domain-optical coherent tomography (SD-OCT) images [7].

Several reports have investigated the association of the
qualitative changes and quantitative parameters in OCT
images indicating photoreceptor integrity with final BCVA
in eyes with RVO and macular edema. Ota et al. [8] found
that final BCVA depends on the third high reflectance band
(HRB), which corresponds to the IZ, in a fovea observed
in resolved macular edema following BRVO. Subsequent
reports demonstrate a significant correlation between final
BCVA and the continuity of the inner and outer segments of

Table 1 Mechanisms of vision loss in eyes with macular edema following retinal vein occlusion (RVO)

Anatomical disorder

Pathological mechanism reducing visual acuity

Reversibility

Impairment of the photoreceptors in the fovea Disruption of the inner and/or outer segments of photoreceptors

Impairment of the neurons in the inner retina

Probably irreversible®

Neuronal loss in either the inner nuclear layer (INL) or the ganglion cell ~ Irreversible
layer (GCL) due to ischemia in the inner retina
Light scattering resulting in a reduced amount of light received by photo- Reversible

Neuro-retinal swelling due to macular edema
receptors at the fovea

Compromised neural transduction from photoreceptors to inner retinal

neurons

*The disruption of the outer segment of photoreceptors might be reversible during a sufficiently long follow-up period
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the photoreceptors (the IS/OS line) corresponding to the EZ
and ELM in eyes with resolved or persistent macular edema
following RVO [9-14]. It is also reported that a preserved
photoreceptor layer in the fovea, determined by the integrity
of the ELM or the EZ in baseline OCT images taken prior
to anti-VEGF treatment, can predict final BCVA [15-17].

In addition to the EZ continuity, a bulge at the central
fovea called the “foveal bulge” is a good marker of foveal
photoreceptor soundness, and its presence is generally
associated with a BCVA of 1.0 or better [18]. These reports
indicate that photoreceptor impairment may significantly
contribute to the recovery of BCVA in eyes with macular
edema associated with RVO.

Mechanisms of impaired photoreceptors
through macular edema

Blood to photoreceptors is supplied from choroidal circula-
tion through the retinal pigment epithelium (RPE) and not
from retinal circulation, so it is difficult to speculate whether
retinal circulatory disturbances caused by RVO impair the
photoreceptors in the outer retina. Subretinal blood and
exudates containing lipoproteins, which may derive from
the leaking of retinal vessels through the ELM, are possible
causes of photoreceptor impairment.

Subretinal blood containing red blood cells is sometimes
observed in eyes with macular edema associated with RVO
[19, 20]. Blood in the subretinal space may be harmful to
photoreceptors, especially in eyes with age-related macu-
lar degeneration (AMD) or retinal arterial macroaneurism
[21]. The baseline subretinal hemorrhage (SRH) in eyes with
BRVO is associated with poorer final BCVA [20, 22], prob-
ably due to foveal photoreceptor damage inflicted by the
hemorrhage [23].

There are three mechanisms for subretinal blood impair-
ing photoreceptors: (1) toxic effects of released iron ion from
hemoglobin in the SRH, (2) traction of photoreceptor outer
segments during clot retraction, and (3) formation of a dif-
fusion barrier between photoreceptors and the RPE [21]. In
vivo studies show that blood in the subretinal space induced
the apoptosis of photoreceptors [24, 25].

In addition to subretinal blood, photoreceptors may also
be impaired by subretinal fluid containing high concentra-
tions of lipoproteins, which may be the precursors of hard
exudates. OCT has revealed hyperreflective foci (HRF)
representing extravasated lipoproteins [26, 27], which may
appear in the subretinal space penetrating the discontinuous
ELM in eyes with macular edema associated with diabetic
retinopathy [28, 29] and BRVO [30]. It is demonstrated that
final BCVA was poorer in eyes with macular edema associ-
ated with BRVO containing HRF in outer retinal layers [31]
and in those with submacular serous retinal detachment. [32]

Persistent macular edema and impairment
of photoreceptors

Although vision loss due to retinal swelling caused by macu-
lar edema in the acute stage of RVO appears to be clinically
reversible, delays in treatment with intravitreal anti-VEGF
or corticosteroids to reduce retinal swelling may some-
times limit the ultimate recovery of vision. In a study of a
group receiving monthly sham treatments for six months
followed by a PRN regimen of IVR for six months, BCVA
at 12 months was inferior to that of the group receiving
monthly IVR for six months followed by a PRN regimen
of IVR for 6 months [4]. Similar clinical results were also
observed in eyes with CRVO and macular edema in the
“GENEVA” study using dexamethasone intravitreal implants
[33]. It is also reported that delayed treatment with anti-
VEGEF agents reduced BCVA recovery in eyes with BRVO
and macular edema [34]. In addition to vascular changes in
eyes with persisting macular edema caused by RVO, includ-
ing microaneurysms and leaky capillaries [35], irreversible
changes may develop in photoreceptors due to subretinal
blood or exudates.

Possible recovery of vision in eyes with impaired
photoreceptors

Rhegmatogenous retinal detachment is a major retinal dis-
order impairing photoreceptors. It is demonstrated that the
impaired photoreceptors in the central fovea regenerate after
successful macula-off rhegmatogenous retinal detachment
surgery [36, 37]. Although the recovery of impaired photore-
ceptors in eyes with RVO has not been reported, a long-term
follow-up could reveal the recovery of the EZ accompanied
by vision gain in eyes with RVO showing resolved macular
edema and a disrupted EZ at the central fovea (Fig 2).

Vision loss due to Impairment of the neurons
in the inner retina

Neuronal loss in the inner retina caused by ischemia

It is logical that in eyes with ischemic retinal disorders visual
acuity is greatly decreased by the loss of inner retinal neu-
rons such as bipolar and ganglion cells in the papillomacular
bundle area; which transport visual signals received by the
photoreceptors in the central fovea and are closely associated
with central visual acuity. Visual prognosis in eyes with cen-
tral retinal artery occlusion (CRAO) is generally far worse
than in those with branch retinal artery occlusion (BRAO)
[38]. This is probably because, in the former case inner reti-
nal neurons in the papillomacular bundle area are damaged,
while in the latter they are likely to be spared. At the same
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Fig.2 An example of EZ
recovery accompanied by visual
gain after four years. Top, color
photograph and vertical optical
coherent tomography (OCT)

of the right eye with macular
edema associated with branch
retinal vein occlusion (BRVO)
in a 70-year-old woman, whose
best corrected visual acuity
(BCVA) was 0.04 at 42 days
after the onset of symptoms.
Middle, color photograph and
OCT 30 days after the first
intravitreal bevacizumab (IVB)
shows resolved macular edema
and a disrupted ellipsoid zone
(EZ) at the central fovea; BCVA
was 0.04. Bottom, color photo-
graph and OCT four years later,
the woman’s BCVA was 0.9,
with an EZ restored to normal at
the central fovea

42D, RV=(0.04)

R e .

4Y, RVZ(0'9)

Inferior

time, visual prognosis is very poor in eyes with cilioretinal
artery occlusion, a special variant of BRAO in which inner
retinal neurons in the papillomacular bundle area are dam-
aged [39]. If, in eyes with CRAO a cilioretinal artery that
perfuses a large area in the papillomacular bundle area is
spared, BCVA is not greatly reduced because neurons in the
papillomacular bundle area are not damaged [40].
Ischemia in eyes with RVO is evidenced by the vas-
cular dropout of a network known as the non-perfusion
area (NPA), shown by fluorescein angiography (FA). If

ischemia is present in the papillomacular bundle area in
eyes with RVO as shown in Fig 3(left), it may result in
severe vision loss irrespective of macular edema. Although
NPA is implicated in reduced light sensitivity in visual
field testing [41], outside of the papillomacular bundle
area it may not cause visual acuity deterioration.

Because in many eyes with RVO the papillomacular
bundle area tends to be spared, especially in those with
ischemic BRVO (Fig 3, right), reduction of BCVA due to
ischemia in the inner retina may be less likely.

Fig.3 Fluorescein angiograms (FA) of ischemic central retinal vein
occlusion (CRVO) and branch retinal vein occlusion (BRVO). Left:
The left eye of 75-year-old woman with severe ischemic CRVO.
Widespread non-perfusion area involves the papillomacular bundle

@ Springer

area. The best corrected visual acuity in her left eye was 0.02. Right:
The left eye of 60-year-old woman with ischemic BRVO. The papil-
lomacular bundle area is not included in the non-perfusion area. The
best corrected visual acuity in her left eye was 1.0
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Broken foveal capillary networks and vision loss
in eyes with RVO

In the late 20th century, when OCT was yet unavailable
in everyday clinical practice, macular edema in eyes with
RVO was evaluated mainly by FA images. It is reported that
eyes with BRVO having intact or complete perifoveal capil-
lary arcades had a better visual prognosis than those having
incomplete arcades due to the presence of a parafoveal NPA
[42-45]. These assumptions resulted from possible consid-
erations that ischemia in the inner retina around the central
fovea causes neuronal loss, including the loss of bipolar
and ganglion cells, which are connected to the foveal cones
responsible for normal visual acuity.

However, several recent studies using OCT angiogra-
phy (OCTA) demonstrate that defects in capillary networks
around the fovea induce photoreceptor damage, which can
explain reduced BCVA irrespective of inner retinal neuron
impairment. Among the reports studying the correlation
between capillary networks around the fovea and visual
prognosis in a small number of eyes with BRVO [46-48],
Wakabayashi et al. [48] studied OCTA images in a 3 X 3 mm
area around the fovea in 85 eyes with resolved macular
edema caused by BRVO. They demonstrate that vascular
perfusion area in the deep capillary plexus (DCP) was cor-
related with final BCVA, and with the integrity of the pho-
toreceptors evaluated with ELM, EZ, and IZ. This indicates
that poor visual prognosis in eyes with reduced vascular
perfusion in the DCP around the fovea may be associated
with photoreceptor damage through impaired blood supply.
The authors speculate that reduced blood flow in the DCP
damaged the synaptic region between the inner nuclear layer
and the outer plexiform layer, which resulted in photorecep-
tor damage.

Vision loss not associated with photoreceptor damage
but primarily due to ischemic impairment of the neurons in
the inner retina may be uncommon, especially in eyes with
BRVO and macular edema. To investigate whether vision
loss is due to impaired neurons in the inner retina, NPAs at
the nasal side of the foveal capillary networks rather than
those around the central fovea need to be studied, as these
correspond to the neurons connecting the foveal cones and
the papillomacular bundle in the nerve fiber layer.

Favorable visual prognosis in eyes with partial
ischemia in the macular area

It is reported that partial ischemia in the macular area may
favor visual prognosis rather than hinder it. Contrary to ear-
lier reports emphasizing the negative effects of ischemia
on visual prognosis, Finkelstein [49] demonstrates that
eyes with macular edema following BRVO and incomplete
macular perfusion showing NPA in the macular area which

remain untreated for three years following diagnosis, have
better visual prognosis than those with complete macular
perfusion without NPA in the macular area. One of the
explanations for this paradoxical finding may be that eyes
with NPA in the macular area have fewer vessels leaking
intravascular fluids than completely perfused eyes, leading
to less severe macular edema causing irreversible photore-
ceptor damage (Fig 4).

Macular edema is induced by VEGF, and the intravitreal
concentration of VEGF is higher in eyes with RVO and NPA
than in those without NPA [50]. However, the dropout of
retinal venules and capillaries, the effector vessels respond-
ing to increased VEGEF, results in reduced leakage of intra-
vascular fluid into the intrastromal space of the retina lead-
ing to less marked macular edema and less impaired vision.

In the “BRITER” study, eyes with BRVO and macular
edema were treated with an individualized stabilization
criteria-driven PRN regimen of ranibizumab. The eyes with
macular ischemia at baseline appeared to experience bet-
ter visual gain than those without ischemia, although the
statistical assessment of these data was not significant [51].

Vision loss due to neuro-retinal swelling
caused by macular edema

Mechanisms of vision loss by macular edema itself

The severity of macular edema is evaluated by CFT.
Although changes in CFT and BCVA are closely correlated
in the acute stage of BRVO with macular edema (Fig 1),
the mechanism of vision impairment in eyes with increased
CFT has never been clearly explained. Retinal swelling due
to macular edema may result both in reduced light inten-
sity transmitted to the photoreceptors and in impairment of
transduction of visual signals from the photoreceptors to
the bipolar cells.

Reduced transparency in the neural retina due
to macular edema

It is possible that increased light scattering due to macular
edema in the neural retina causes a reduction of transpar-
ency in the neural retina along the visual axis and leads to
decreased visual acuity. One textbook states that macular
edema creates multiple interfaces between separated retinal
cells, which results in light scattering and decreases the neu-
ral retina’s transparency [52].

Images of eyes with persistent macular edema second-
ary to RVO obtained from high-quality SD-OCTs rarely
show the honeycomb structure that causes light scatter-
ing. Rather, such eyes often show a large cyst in front of
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Fig.4 Early and late fluorescein
angiography (FA) images of
eyes with branch retinal vein
occlusion (BRVO) showing
incomplete or complete macular
perfusion. Top left, an eye

with BRVO showing incom-
plete macular perfusion with

a non-perfusion area (NPA) in
the macular area. Top right,

an eye with complete macular
perfusion. Bottom left, a late
FA image of the eye shown in
the top left with less leakage
from the affected vessels. Bot-
tom right, a late FA image of
the eye shown in the top right
with marked leakage from the
affected vessels

the foveal cones, which does not appear to interfere with
light transmission (Fig 5).

Recently, an optical fiber theory of the Miiller cells
has been proposed in which the long tubular structure of
the Miiller cells functions as an optic fiber [53, 54]. The
morphology of Miiller cells at the center of the fovea is
different from those in the peripheral retina [55], so it is
difficult to attribute vision loss to the disorganization of
Miiller cells in the fovea caused by macular edema.

Impaired neural transduction in the axons of retinal
neurons in eyes with macular edema

Retinal edema may cause changes in the extracellular envi-
ronment of retinal neurons, including ion concentration,
osmotic pressure, and the pH in retinal tissue. Because the
axons of various neurons in the neural retina do not have
myelin sheaths, compromised extracellular conditions may
easily interfere with neural transduction through the unmy-
elinated axons of photoreceptors and bipolar cells, a possibil-
ity that has not yet been fully investigated. Yasuda et al. [56]
report that the implicit time of the flicker electroretinogram

Fig.5 Color photograph and optical coherent tomography (OCT)
image of the right eye of a 70-year-old woman with persistent macu-
lar edema associated branch retinal vein occlusion (BRVO). A large
foveal cyst without the honeycomb structure, which is located in
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front of the photoreceptors in the central fovea, does not appear to
reduce light transmission from scattering. Best corrected visual acuity
(BCVA) was 0.2
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was prolonged in eyes with macular edema associated with
CRVO, and was shortened by the resolution of macular
edema after the intravitreal injection of anti-VEGF agents.
These results may indicate that vision loss due to macular
edema is attributed to impaired neural transduction in the
axons of neurons in the retina.

A poor correlation is reported between CFT and BCVA in
eyes with RVO and macular edema [57], which supports the
mechanism of impaired neural transduction, rather than light
scattering, for reduced vision in eyes with macular edema.
Differences in BCVA among eyes with macular edema of
equivalent CFT could be explained by reduced neuronal
transduction caused by different composition of electro-
lytes in the extracellular space. Although changes in CFT
and changes in BCVA were correlated with each other in a
longitudinal clinical study, a cross-sectional study revealed
a poor association between BCVA and CFT before treatment
for macular edema in eyes with RVO [58].

Conclusion

In conclusion, there are three mechanisms of vision reduc-
tion in eyes with macular edema associated with RVO. The
first involves the swelling of retinal tissue, a result of mac-
ular edema itself, which could explain the reversible loss
of BCVA. The second involves impaired photoreceptors,
evidenced by a disruption or thinning of the ELM, the EZ,
and the IZ, which appears to be irreversible after two to
three years. The last involves impaired neurons of the inner
retina in the papillomacular bundle area connected to the
photoreceptors in the central fovea, which may in rare cases
contribute to impaired BCVA in eyes with macular edema
associated with BRVO.
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