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Abstract

e AIM: To evaluate the efficacy and safety of combined
anti-vascular endothelial growth factor (VEGF) agents, oral
glucocorticoid, and laser photocoagulation therapy for
macular edema (ME) secondary to retinal vein occlusion (RVO).
e METHODS: This study included 16 eyes of 16 patients
with RVO-associated ME. Patients were initially treated
with oral prednisone and an intravitreal anti-VEGF agent.
Two weeks later, patients underwent standard laser
photocoagulation. Best-corrected visual acuity (BCVA),
central retinal thickness (CRT), and retinal vessel oxygenation
were examined over 12mo.

e RESULTS: Patients received 1.43%0.81 anti-VEGF
injections. Mean baseline and 12-month logMAR BCVA
were 0.96%0.51 (20/178) and 0.31£0.88 (20/40), respectively,
in eyes with central retinal vein occlusion (CRVO) (P<0.00),
and 1.02+0.45 (20/209) and 0.60+0.49 (20/80), respectively,
in eyes with branch retinal vein occlusion (BRVO) (P<0.00).
At 12mo, CRT had significantly decreased in eyes with
CRVO (P<0.00) and BRVO (P<0.00). Venous oxygen
saturation had significantly increased in eyes with CRVO
(P<0.00) and BRVO (P<0.00). No examined parameters
were significantly different between the 2 RVO groups. No
serious adverse effects occurred.

e CONCLUSION: Anti-VEGF, glucocorticoid, and
photocoagulation combination therapy improves visual
outcome, prolongs therapeutic effect, and reduces
the number of intravitreal injections in eyes with RVO-
associated ME.
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INTRODUCTION

etinal vein occlusion (RVO), including the central
R retinal vein occlusion (CRVO) and branch retinal vein
occlusion (BRVO), is a common retinal vascular disorder and
a frequent cause of visual loss. With the increased prevalence
of RVO'", timely and effective treatment for this sight-
threatening condition has become more important. Macular
edema (ME) is a common cause of visual loss in patients with
RVOs. ME secondary to RVO is generally treated locally with
photocoagulation and/or intravitreal anti-vascular endothelial
growth factor (VEGF) agents. If further treatment is needed,
medical therapies include anticoagulants, acetazolamide, and
corticosteroids; and surgical treatments include pars plana
vitrectomy, laminar puncture, and radial optic neurotomy'.
However, no consensus has been reached on what should be
the “standard of care” treatment protocol for patients with ME
secondary to RVO.
All current treatment options have their benefits and flaws.
Photocoagulation used to be the treatment of choice for
treating ME, particularly as lasers became more precise”*.
However, in cases of severe ME, retinal swelling reduces
the laser energy penetration, leading to poor therapeutic
response. Additionally, laser energy is absorbed by blood and
photocoagulation cannot be performed in eyes with retinal
hemorrhage. Therefore, treatments must be delayed until
hemorrhage has largely resolved, potentially leading to poorer

visual outcomes. However, the best time to treat ME remains
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controversial and photocoagulation therapy often results in
limited visual outcome'”'. Therefore, laser photocoagulation
is generally used as a rescue treatment and to maintain, not
improve, visual function'®”.

Intravitreal anti-VEGF therapy has been shown to be most
beneficial in treating ME secondary to RVO, in both the
research and clinical settings'®®. These agents both improve
visual acuity and reduce ME", but generally require multiple
repeat intravitreal injections to maintain vision gain. This can
be problematic because multiple injections increase the risk of
retinal ischemia, vasoconstriction, and vitreous traction; and
impose great economic burden on health care systems'*'* and
patients.

Studies have shown that combination of anti-VEGF and laser
photocoagulation therapies is effective in reducing RVO-
associated ME and reduces the need for repeat anti-VEGF
agent injections'” ', However, further investigations are
needed because the timing between anti-VEGF injection and
laser treatment was not well described. Additionally, laboratory
studies have shown that VEGF is expressed in both intraocular

119 Therefore, we speculate that

and retrobulbar tissues'
administering intraocular therapies without systemic treatment
may explain recurrent and/or persistent ME.

Here, we examine the safety and efficacy of intravitreal anti-
VEGF, oral glucocorticoids, and laser photocoagulation
combination therapy in treating ME secondary to RVO.
This therapy should theoretically provide the rapid action of
intravitreal anti-VEGF agents and the stability of standard laser
photocoagulation.

SUBJECTS AND METHODS

This prospective, non-randomized, non-controlled, interventional,
clinical study protocol was approved by the Medical Ethics
Committee of the Zhongshan Ophthalmic Center at Sun Yat-
sen University (Guangdong, China; No.2013MEKY028). All
study conduct strictly adhered to the tenets of the Declaration
of Helsinki and all patients provided written informed consent
prior to participation.

Study Patients Patients who developed an RVO within 6mo
of the enrollment date with ME secondary to either a BRVO or
non-ischemic CRVO [as confirmed on angiography or optical
coherence tomography (OCT)] were consecutively recruited
into the study. All patients were identified at Zhongshan
Ophthalmic Center (Guangzhou, China) Outpatient Clinic.
The inclusion criteria included the following: age >18y,
intraocular pressure (IOP) <21 mm Hg, adequate pupillary
dilation, and central retinal thickness (CRT) >250 um. Patients
were excluded if any of the following were present: visually
significant cataract, media opacities, retinal disease (other than
RVO and related sequelae), and history of intraocular surgery.
Patients were also excluded if they had abnormal blood
biochemical test results, pregnancy and systemic diseases
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such as poorly controlled diabetes or hypertension which are
contraindications for steroid therapy, prior systemic anti-VEGF
therapy, or undergone intraocular steroid therapy or retinal
laser treatment in the studied eye within the last 3mo.

Study Examinations All patients underwent a comprehensive
ophthalmologic examination, which included measurement
of Snellen best-corrected visual acuity (BCVA), IOP (Canon
TX-20, Canon Corporation, Tokyo, Japan), CRT [spectral-
domain OCT (Spectralis, Heidelberg Engineering, Heidelberg,
Germany)], fluorescein angiography (FFA) and retinal
vessel oxygenation [vessel diameter and oxygen saturation;
retinal oximetry (Oxymap, Reykjavik, Iceland)]. Slit-lamp
biomicroscopy and indirect ophthalmoscopy were also
performed. Visual acuity measurements were converted to the
logarithm of the minimum angle of resolution (logMAR) for
data analyses. Systemic and ophthalmic medical history, as
reported by patients, was also carefully reviewed to assess the
safety of administering oral glucocorticoid treatment. Only one
eye from each patient was included in the study.

Study Treatments All patients were initially treated with
oral prednisone (0.5 mg/kg body weight for 6wk followed
by a 5 mg/wk taper). Intravitreal anti-VEGF therapy (0.5 mg
conbercept or ranibizumab) was also administered within 3d of
beginning systemic corticosteroid therapy. Two weeks after the
intravitreal anti-VEGF injection, patients underwent standard
laser photocoagulation. The size of the spot was 300-500 pm.
The exposure time was 0.08-0.15s. The power was adjusted and
started at 300 mW and increased in steps of 10 mW to produce
mild intensity burns covering areas of capillary leakage as seen
on FFA, 1 burn width apart. All lesion reaction grades were
Tso II"""*,

Patients were administered rescue treatments if any of the
following were true: 1) presence of new or persistent cystic
retinal changes, subretinal fluid, or neuroepithelial detachment;
2) increase in CRT of >50 pum; 3) presence of new macular
hemorrhage, occlusion, or retinal neovascularization. Patients
were also administered rescue treatments at the treating
physician’s discretion. Rescue treatments included additional
intravitreal anti-VEGF injections, changing oral glucocorticoid
dose, and laser photocoagulation (Figure 1).

Outcome Measures Study follow-up evaluations were
conducted 2wk and 1, 3, 6 and 12mo after laser therapy. At all
study visits, BCVA, CRT, retinal vessel oxygen saturation, and
retinal vessel diameter were measured. The primary outcome
measure of therapy efficacy was the change from baseline in
BCVA at month 6 and 12. Secondary outcome measures of
efficacy were changes from baseline in CRT, retinal vessel
oxygen saturation, retinal vessel diameter, proportion of
patients with logMAR BCVA>1.0 (20/200), and proportion of
patients with CRT>250 pm to month 12.
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Figure 1 Study flow chart Sixteen patients included 7 patients with
CRVO and 9 patients with BRVO, who received oral prednisone
treatment and 0.5 mg of intraocular injection of anti-VEGF treatment
(Conbercept or ranibizumab). Then at two weeks’ follow-up after
the injection, subjects were performed with the standard laser
photocoagulation. The primary end point at month 6 and the final
study visit was at month 12. The rescue treatments included: 1)
received more injection of anti-VEGF treatment; 2) adjusted the oral

glucocorticoid dose; 3) laser photocoagulation.

Modified “SAVE” score used to evaluate therapy for ME
with FFA and OCT by comparing pre-treatment, before laser
therapy and final follow-up based on the former described"*~".
The “SAVE” scoring were as follows: 1) “S”=subretinal fluid
(score: present=1, absent=0); 2) “A”=area of retinal thickening
(score: greater than one-disc diameter=1, less than one-disc
diameter=0; 3) “V”=vitreomacular abnormalities, as ischemia,
hemorrhage, neovascularization, atrophic or vitreo-retinal
traction (score: present=1, absent=0); 4) “E”=the etiology
(score: focal leakage=0, non-focal leakage=1). The mean
number of injections administered and the difference in BCVA
changes between eyes with BRVO and CRVO were also
examined. The incidences of ocular and non-ocular adverse
events (AEs) and serious AEs were evaluated to determine

treatment safety.

Statistical Analyses Changes from baseline in BCVA,
CRT, and retinal oxygenation parameters were examined
for statistical significance using paired Student’s #-tests.
Differences between eyes with BCVO and CRVO were
evaluated using the repeated measures analysis of variance.
Differences in proportions of patients with logMAR
BCVA>1.0 and with CRT>250 pm were examined using
Chi-square tests. Differences in proportions between eyes
with BRVO and CRVO were analyzed using Fisher’s exact
tests. The influence of various parameters on the change in
BCVA from baseline was assessed using the multi-variable
linear regression model. Oxygen saturation and retinal vessel
caliber were automatically analyzed using Oxymap specialized
software (version 2.5). Missing data were added using the last-
observation-carried-forward method.

All statistical analyses were performed using SPSS statistical
software (SPSS, Inc., Chicago, IL, USA). All statistical tests
were two-sided and statistical significance was defined as
P<0.05.

RESULTS

Patient Characteristics A total of 16 eyes of 16 patients (8
men, 8 women) with ME secondary to RVO were included in
this study. All patients received treatment between September
2016 and September 2017. Study patient characteristics
were summarized in Table 1. The average patient age was
55.93+12.27y. Seven patients had a CRVO and nine patients
had a BRVO. Baseline BCVA was 0.99+0.47 (20/200) and
baseline CRT was 542.75+£130.86 pum in the eyes under
study. The mean time from RVO diagnosis to screening was
1.93+1.12mo.

All patients completed the treatment protocol and the
12-month follow-up. Four of 7 patients with CRVO (57.10%)
chose intravitreal conbercept therapy while the other 3 patients
(42.9%) chose intravitreal ranibizumab therapy. Similarly, 5 of
9 (55.60%) patients with BRVO chose intravitreal conbercept
therapy while the other 4 patients (44.40%) chose intravitreal
ranibizumab. Until month 12, the mean number of injections
administered across all patients was 1.43+0.81 injections
(interquartile range=1-4 injections). Four patients (2 CRVO,
2 BRVO) required 2 anti-VEGF agent injections and 1 patient
with BRVO required 4 injections. At the final study visit,
routine examination with slit-lamp biomicroscopy and FFA
showed that retinal hemorrhages had largely absorbed and that
venous dilation and tortuosity had markedly decreased in all
eyes. None of the 16 patients examined developed ischemic
disease.

Combination Treatment Efficacy The change in BCVA at
6mo was significantly better than at baseline in both CRVO
[baseline: 0.96+0.51 (20/178), month 6: 0.33+£0.95 (20/43);
P<0.00] and BRVO [baseline: 1.02+0.45 (20/209), month
6: 0.78+0.60 (20/121); P=0.011] patients (Figure 2). The
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Table 1 Baseline characteristics

n (%), mean+=SD

Baseline characteristics Total (n=16) BRVO (n=9) CRVO (n=7)
Age (y)

Mean+SD 55.93£12.27 52.42+10.29 58.66+13.56

Median 54.5 54.0 55.0
Gender

M 8 (50) 5(56) 3(43)

F 8 (50) 4 (44) 4(57)
Study eye

R 12 (75) 6 (67) 6 (75)

L 5(25) 3(33) 2 (25)
Months from RVO diagnosis to screening 1.93+1.12 2.22+1.30 1.57+0.78
Mean (SD) median range 1.5 2.0 1.0

<3 14 (87) 7(78) 7 (100)

>3 to <6 2 (13) 2(22) 0
Mean BCVA (logMAR)

Mean+SD 0.9875+0.47 0.955+0.51 1.02+0.45

>1.0 9(56.25) 5(55.56) 4 (57.14)

<1.0 7 (43.75) 4 (44.44) 3 (42.806)
Mean CRT (um) 542.75£130.86 467.88+57.77 639.00+138.38
A_SatO, (%) 95.25+12.30 92.90+9.11 08.28+15.76
V_SatO, (%) 42.6749.56 42.76+8.01 42.57+11.95
A_diameter (pixels) 12.30+1.75 12.54+2.20 12.00+1.00
V_diameter (pixels) 15.534£2.02 14.95+1.61 16.28+2.36
Mean IOP (mm Hg) 13.55+2.89 14.11+2.62 13.11+3.16
Therapy history

No 12 (75) 7 (78) 5(71)

Yes 4 (25) 2(22) 2(29)

change in BCVA at 12mo also was significantly better than
at baseline in both CRVO [baseline: 0.96+0.51 (20/178),
month 12: 0.31+0.88 (20/40), P<0.00] and BRVO [baseline:
1.02+0.45 (20/209), month 12: 0.60+0.49 (20/80); P<0.00]
patients. The change in BCVA at month 6 and 12 both were not
significantly different between the BRVO and CRVO groups
(P=0.51, 0.38). Unfortunately, 1 of 9 patients with BRVO
(11.10%) and 2 of 7 patients with CRVO (28.60%) had a final
logMAR BCVA>1.0 (worse than 20/200), which was worse
than at baseline. This slight difference between groups was
not significant (P>0.99). Additionally, the change in BCVA at
12mo was significantly correlated with baseline BCVA in both
BRVO and CRVO patients (=0.77, P=0.02; =0.73, P<0.00).
No other baseline characteristics correlated significantly with
the change in BCVA (Table 2).

The reduction in CRT at 12mo was significant in patients with
BRVO (238.37+18.31 um, P<0.00) and CRVO (243.12+14.40 pm,
P<0.00; Figure 2). Eyes with CRVO had a significantly smaller
CRT reduction than eyes with BRVO (P<0.00). At 12mo,
2 of 9 BRVO patients (22.20%) and 3 of 7 CRVO patients
(42.80%) had CRT>250 pm. Though large, this difference
between groups was not significant (P=0.36).
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Table 2 Correlation about change of BCVA from baseline to

month 12 with baseline variables

Variables CRVO — BRVO >
P Adj R P Adj R
Age 0.50 0.73 0.91 0.77
Baseline BCVA 0.00 0.02
Baseline CRT 0.06 0.62
Baseline SPO,
A 0.53 0.45
vV 0.63 0.38
Baseline retinal vessel
diameter
A 0.34 0.05
vV 0.68 0.15
Different drug 0.72 0.16
Months from RVO  0.37 0.22

diagnosis to screening

A: Arterial; V: Venous.

Arterial oxygen saturation did not change during the study
period in eyes with CRVO (baseline: 98.28%=+15.76%,
12mo 95.14%+2.67%; P=0.58) or BRVO (bascline:
92.90%+9.11%, 12mo: 93.11%=+3.25%; P=0.94). In contrast,
venous oxygen saturation significantly increased during the
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Figure 2 Visual outcomes and OCT outcomes A: The mean change of BCVA from baseline to month 12; B: The mean change of CRT from
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Figure 3 Oxygen saturation outcomes at baseline (A1-A2, D1-D2), after 6mo of treatment (B1-B2, E1-E2) and after 12mo of treatment
(C1-C2, F1-F2) A-C: The images showed the change of the oxygen saturation outcomes of a patient with CRVO; D-F: The images showed the

change of the oxygen saturation outcomes of a patient with BRVO.

study period in both the CRVO (baseline: 42.57%+11.95%,
12mo: 60.00%+4.39%; P<0.00) and BRVO (baseline:
42.76%=+8.01%, 12mo: 57.22%+4.71%; P<0.00) groups.
Arterial and venous diameter did not significantly change
during the study period in either the CRVO (P=0.20 and 0.67,
respectively) or BRVO (P=0.29 and 0.10, respectively) group.
Additionally, after 12mo of treatment, there was no significant

difference between eyes with BRVO and CRVO in any
oxygenation parameter examined (arterial oxygen saturation:
P=0.20, venous oxygen saturation: P=0.58, arterial diameter:
P=0.13, and venous diameter: P=0.35; Table 3).

Figure 3 summarizes changes that occurred in retinal vessel
oxygenation during the study period. The results of “SAVE”
scores (Table 4) showed that the mean scores improved
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Table 3 Comparison of oxygen saturation and vessel diameter in CRVO and BRVO

CRVO BRVO
Variables . ap
Baseline Month 12 P Baseline Month 12 °p
Arterial oxygen saturation (%)  98.28+15.76 95.14+2.67 0.58  92.90+9.11 93.11+3.25 0.94 0.20
Venous oxygen saturation (%)  42.57+11.95 60.00+4.39 0.00  42.76+8.01 57.224+4.71 0.00 0.58
A-diameter (um) 12.00+1.00 12.42+0.97 0.20  12.54+2.20 13.44+1.01 0.29 0.13
V-diameter (pm) 16.28+2.36 16.00£1.00 0.67  14.95+1.61 16.33+1.41 0.10 0.35

BCVA: Best-corrected visual acuity; OCT: Optical coherence tomography. “Values indicate the difference between CRVO and

BRVO, and the results from repeated measures analysis of variance; "Values indicate the difference between baseline and month

12, and the results from paired #-test.

Table 4 Results of “SAVE” scores mean+SD
Category Pre-treatment Before laser therapy Final followed-up ‘P P
S 1.00+0.00 0.43£0.51 0.31+0.47 0.00 0.02
A 0.62+0.50 0.43+0.51 0.06+0.25 0.27 0.01
v 0.62+0.50 0.31+0.47 0.06+0.25 0.02 0.10
E 0.50+0.51 0.43+0.51 0.06+0.25 0.75 0.02

S: Subretinal fluid; A: Area; V: Vitreo-retinal abnormalities; E: Etiology. P values indicate results from paired #-test.

“Values indicate the difference between pre-treatment and before laser therapy; "Values indicate the difference between

before laser therapy and final followed-up.

significantly in the subretinal fluid (P<0.00) and vitre-retinal
abnormalities (P<0.00) grading post drug treatment, and this
trend was sustained to the final follow-up. The area of retinal
thickening and etiology showed no significant improvement
after drug treatment (P=0.27, 0.75). However, post laser
therapy, the scores of “A” and “E” decreased significantly
(P<0.00, 0.02).

Combination Therapy Safety One of the 9 patients with
BRVO (11.10%) had a temporary elevation in IOP and 2 of
the 7 patients with CRVO (25.60%) developed conjunctival
hyperemia. No patient experienced any serious injection-
related (e.g. endophthalmitis, retinal detachment, retinal tears,
and cataract) or drug-related (e.g. thromboembolic event,
glaucoma, gastric ulcer, osteoporosis, or myopathy) AEs
during the study period.

DISCUSSION

This study examined the safety and efficacy of treating
ME secondary to RVO with intravitreal anti-VEGF, oral
glucocorticoids, and laser photocoagulation combination
therapy. Rapid improvements in functional and anatomical
parameters were observed and these improvements were
sustained for at least 12mo. Importantly, most patients did not
require repeat intravitreal anti-VEGF agent injections.
Treatment efficacy observed here is in agreement with that
observed in prior studies, including the studies of Sun et a/*" and
Campochiaro et /"', On an average, both BCVA and CRT
showed improvement over baseline values at the primary end
point and final study visit. However, compared to patients with
BRVO and CRVO in the study of Sun et al*", who received
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a mean of 7.14+1.90 and 7.59+1.39 injections, respectively,
over 9mo, patients in this study received a mean of 1.37+0.61
injections by month 6. Even until month 12, the mean number
of injections was 1.43+0.81. As a matter of fact, earlier studies
have reported that repeated intraocular injections increase
vitreous traction and the risk of retinal tear, retinal detachment,
and endophthalmitis'. Intravitreal anti-VEGF injections
have also been associated with retinal artery constriction and

. . [10,24
ischemia®

! Additionally, intravitreal anti-VEGF injections
are expensive and minimizing the number of treatments needed
eases the large economic burden associated with this therapy.
This combination therapy used here in place of repeated anti-
VEGF injection successfully reduced the number of required

P'to 1-2 per patient

injections from 7-8 per patient over 9mo
over 12mo. As indicated by the fewer number of injections, the
functional and anatomical improvements observed here were
largely sustained and progressively increased until month 12.
This good prognosis obtained with fewer number of injections
is superior to that with earlier treatment methods.

The use of intravitreal anti-VEGF therapies is somewhat
controversial. Recent studies have shown that intravitreal anti-
VEGF agents can severely disturb the retinal blood flow, and
that these changes may be harmful to the retinal structure

29 The combination therapy used here did not

and function'
induce changes in either the retinal arterial or venous diameter
at any point of examination. In contrast, Sacu et al”” observed
a 14%-15% decrease in retinal vessel diameter (veins and
arteries), 3mo after initiating intravitreal anti-VEGF therapy in

eyes with BRVO. It should be noted that Sacu et al”” used the
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retinal vessel analyzer to measure retinal vessel caliber, and
not the Oxymap that was used in the current study. However,
in agreement with a previous study that also measured retinal
vessel oximetry”™, we found an improvement in the retinal
blood supply after treatment (indicated by a rise in the retinal
vein oxygen saturation with no significant change in arterial
oxygen saturation). It should be noted that, though not
significant, a modest arterial oxygen saturation decrease was
observed following treatment. Therefore, we cannot ignore
the possible effects of intravitreal anti-VEGF agents on the
retinal blood flow. Additionally, none of our study patients
experienced any drug- or procedure-related serious AEs,
including neovascular complications. Some views suggest that
the upregulation of VEGF has been implicated as a major cause
of ME, but anti-VEGF therapy may block the neuroprotective
actions of VEGF (e.g. promoting proliferation, differentiation,
and survival) on the endothelial, retinal ganglion, Miiller,

#3U These risks likely increase when

and photoreceptor cells'
injections are repeatedly administered. However, appropriate
administration of intravitreal anti-VEGF agents has been
shown to be safe. The high cost of each intravitreal anti-
VEGF injection also contributes to this controversy and
some patients discontinue treatment for economic reasons,
particularly in developing countries and when insurance does
not cover treatment costs. Hence, reducing overall therapy cost
by lowering the number of injections may make anti-VEGF
therapy more accessible.

Our patients were also treated with oral glucocorticoids.
Glucocorticoids reduce edema, fibrin deposition, and inflammatory
cells in RVO by effectively downregulating the expression of
metalloproteases, inflammatory cytokines, chemokines, and
subsequently decreasing VEGF-A expression and increasing
34 Due to these

mechanisms, glucocorticoids are used in variety of ocular

tight junction-associated protein production'

diseases, such as keratitis, allergic conjunctivitis, uveitis,
choroiditis, ME, and for reducing inflammation following
surgeries””. Hence, we added glucocorticoids to improve the
rapidity of reducing ME. The results of OCT and “SAVE”
scores had shown that oral glucocorticoids reduce the ME and
achieve rapid improvements in subretinal fluid and vitreo-
retinal abnormalities before the laser therapy. Furthermore,
the strategies of effective treatment in clinical settings and
research studies usually focus on achieving and maintaining
the therapeutic concentrations, which can be controlled by
the appropriate administration route. Oral administration,
intravenous injection, andintravitreal implants help the drugs
reach the ocular posterior segment. Intravitreal injections
were widely used for delivering the glucocorticoids into the
vitreous humor. The complications are caused by the cytotoxic
effects and intraocular injections. For the former, studies
reported that glucocorticoids had a concentration- and time-

dependent cytotoxic effect on retinal cells, lens, and trabecular

3% The latter complications include vitreous

[39]

meshwork'
hemorrhage, endophthalmitis, and retinal detachment, etc
The intravitreal implant Ozurdex was approved by the FDA
for treatment of ME secondary to RVO. Clinical research has
proven the efficacy and safety of treatments; however, the
complications (increased IOP, cataract, etc.), particularly with
repeated treatment, still need to be addressed**"". We chose to
administer oral glucocorticoidsas part of the treatment regimen,
in order to avoid invasive therapy (injection or surgery).
Doubtless, it was essential to prevent potential side-effects
associated with nonspecific accumulation in other organs'”. In
this study, each patient was administered a personalized dose
of glucocorticoids, for safety's sake. Throughout the clinical
period, we also followed the patients for glucocorticoids-
related AEs, such as changes in blood pressure, blood sugar,
blood biochemistry, or organ injury (thromboembolic event,
glaucoma, gastric ulcer, osteoporosis or myopathy) efc. The
final results showed that no patient experienced any drug-
related AEs during the study period. Thus, at least in our trial,
oral glucocorticoids were safe and effective. Unfortunately, 1
patient in the current study did not take the oral glucocorticoids
as prescribed between months 1 and 2. Three subsequent
intravitreal anti-VEGF injections were required to stabilize
this patient’s vision, and one more injection was needed at
month 7 for persistent ME. Therefore, clinical patients and
study patients who begin oral glucocorticoid therapy should be
educated on the importance of compliance.

Laser photocoagulation was also administered to patients
with ME secondary to RVO, 2wk following intravitreal anti-
VEGF injection. The spot size was 50-75 pm and the exposure
time was 0.08-0.15s. The power was adjusted and initiated
at 300 mW and increased in steps of 10 mW to produce mild
intensity burns covering areas of capillary leakage as seen on
FFA, 1 burn width apart. “SAVE” scores displayed that the
area of retinal thickening and etiology improved significantly
after laser therapy. It might be mentioned that laser therapy is
perhapsbetter than drugs in reducing the area of edema and
leakage. Laser treatment was delayed because intravitreal anti-
VEGF therapy reduced retinal thickness (via relieving retinal
swelling) and promoted retinal hemorrhage absorption, both of
which likely improved laser energy penetration. Additionally,
photocoagulation led to a reduction in vascular leakage and
stabilized the retina after the short-term effects of anti-VEGF
agents wore off, reducing the number of repeat anti-VEGF
injections. The 2-week timing was chosen because the vitreous
half-life of ranibizumab in monkeys (48 kDa) and conbercept
in rabbits (143 kDa) is 2.6-4.0d"" and 4.2d"", respectively.
Given that species with bigger eyes and longer diffusion paths
have a slower vitreous clearance, we theorized that the half-
life of ranibizumab and conbercept in the human eye would
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be 9-14d (vitreous volume is 4.5 mL in humans and 1.5 mL in
rabbits and monkeys'*").

This pilot study examined the safety and efficacy of a new
combination therapy for ME secondary to RVO. It had several
limitations. First, the small sample size of this pilot study
limited the statistical significance of observed changes and
differences between patients with BRVO and CRVO. Second,
though it was prospective, our study was not randomized,
controlled, or masked. Third, oral glucocorticoid dose was
tailored to each patient for safety reasons. This may have
confounded our results because of varying steroid effects
among patients. Therefore, our results should be validated with
future multi-center, randomized, controlled studies on a larger
number of patients. These studies should also standardize the
timing and dose of all therapies administered.

This study demonstrates important benefits of intravitreal anti-
VEGEF, oral glucocorticoid, and grid laser photocoagulation
combination therapy in treating ME secondary to RVO. In
most patients, this combination treatment resulted in rapid
improvement of retinal function and anatomy that was
sustained for at least 12mo. Furthermore, the need for repeat
intravitreal anti-VEGF injections was markedly reduced
compared to other studies that examined anti-VEGF therapy
alone. Therefore, physicians should consider combination
therapy for treating ME secondary to RVO.
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