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Abstract

Objective: To evaluate the efficacy of pars plana vitrectomy (PPV) combined with internal
limiting membrane (ILM) peeling in cases of ischemic central retinal vein occlusion (CRVO)
where macular edema (ME) persisted after anti-vascular endothelial growth factor (anti-
VEGF) treatment. Methods: Fifteen eyes with ischemic CRVO-related ME were included in the
study. Nine were treated with panretinal photocoagulation after initial examination. Anti-
VEGF agents were injected intravitreally. Persistent ME was treated with PPV combined with
ILM peeling. During surgery, laser photocoagulation was further applied to the non-perfused
area. Results: Mean retinal thickness gradually decreased after surgery (p = 0.024 at 6
months), although visual acuity did not improve significantly during the follow-up period
(14.7 £ 11.6 months). Neovascular glaucoma subsequently developed in three cases and a
trabeculectomy was performed in one case. Conclusion: In eyes with ischemic CRVO, PPV
combined with ILM peeling contributed to a reduction in persistent ME. However, there was

no significant improvement in visual acuity. © 2016 The Author(s)
Published by S. Karger AG, Basel
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Introduction

Central retinal vein occlusion (CRVO) is often accompanied by various vision-threat-
ening complications, including macular edema (ME), neovascular glaucoma or macular is-
chemia [1]. Despite various treatments, ME resulting from CRVO often results in severely
impaired visual function. Vascular endothelial growth factor (VEGF) has been reported to
play an important role in the pathogenesis of CRVO-related ME [2, 3]. Furthermore, an in-
creasing number of investigators have reported the efficacy of anti-VEGF treatment in this
condition, and this treatment has since become a standard [4, 5].

Anti-VEGF agents rapidly increase the absorption of ME. However, in most cases, eyes
require repeated injections if the effects are to be maintained. In the HORIZON trial [6], for
example, the mean number of injections of ranibizumab was 3.5-3.8 in the second year of
treatment, yet improvements in visual acuity (VA) had actually decreased in number by the
end of that year. More recently, Hayreh [1] observed 697 CRVO-affected eyes and reported
that final VA was worse in 85% of ischemic CRVO cases and 17% of non-ischemic CRVO cas-
es. Thus, ischemic CRVO cases are associated with a poorer visual prognosis.

Previously, several investigators have reported the anatomical and functional efficacy of
pars plana vitrectomy (PPV) combined with internal limiting membrane (ILM) peeling in
CRVO-associated ME [7-10]. However, some also reported that a reduction in ME is not ac-
companied by visual improvement [11-13]. In cases of ME that have not been improved by
repeated anti-VEGF treatment, surgical intervention may be a viable treatment option. De-
spite this, limited information is currently available regarding the feasibility of surgery after
anti-VEGF treatment in cases of ischemic CRVO-related ME [14].

In this study, we retrospectively examined the efficacy of PPV combined with ILM peel-
ing in cases of ischemic CRVO where ME had persisted in spite of anti-VEGF treatments.

Patients and Methods

For this retrospective study, we reviewed the medical records of 15 ischemic CRVO pa-
tients who had undergone unilateral PPV combined with ILM peeling as a treatment for ME
that had persisted after anti-VEGF treatment. There were 7 women and 8 men among the
patients and a total of 15 eyes were examined (table 1). The treatments took place at Kaga-
wa University Hospital between May 2010 and May 2014. Patients were offered the surgery
if they had suffered visual loss as a result of persistent ME. They were excluded from the
study if they showed proliferative diabetic retinopathy, branch retinal vein occlusion, dense
cataract or a short follow-up period of <6 months after the surgery. Cases in whom there had
been previous treatments for ME or CRVO were also excluded from the study.

CRVO and ME were diagnosed by fundus examination and confirmed by fluorescein an-
giography and optical coherence tomography (OCT). After the medical history had been ob-
tained, each patient underwent a complete ophthalmological examination, including best-
corrected VA measurement with a Landolt chart, slit-lamp biomicroscopy, indirect fundus
ophthalmoscopy and OCT examination. Digital fundus photographs and fluorescein angi-
ography were obtained from each patient, after pupil dilatation, using a digital fundus cam-
era (TRC-50LX; Topcon, Tokyo, Japan) or an Optos P200 Scanning Laser Ophthalmoscope
(Optos North America, Marlborough, Mass., USA).

Ischemic CRVO was confirmed at the initial visit by detecting a non-perfused region of
>10 disc areas using fluorescein angiography. Repeat fluorescein angiography was per-
formed if necessary. To evaluate the ME status, an OCT examination was performed (Cirrus;
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Carl Zeiss, Dublin, Calif., USA) at each visit. This included vertical and horizontal cross-
sectional scans centered on the fovea. Central retinal thickness (CRT) was defined as the
average retinal thickness in a circular region of the fovea with a diameter of 1 mm.

Patients who had a visual disturbance due to CRVO-associated ME were initially given
an intravitreal injection of 1.25 mg bevacizumab (Avastin; Genentech, South San Francisco,
Calif,, USA) or 0.5 mg ranibizumab (Lucentis; Novartis, Biilach, Switzerland), which has now
been approved in Japan. An initial CRT >300 um was required for inclusion in the study.
Pseudophakic eyes were also included, but eyes that had undergone a prior vitrectomy were
excluded. A retreatment was performed when eyes showed recurrence of ME with visual
loss and when the patient agreed to the additional treatment.

All eyes in this study underwent a standard 25-gauge three-port PPV for the treatment
of recurrent or persistent ME. After core vitrectomy, posterior vitreous detachment was
induced if the cortical vitreous was adherent to the retina. The ILM was peeled approximate-
ly 3 x 3 disc diameters around the fovea with the aid of indocyanine green or brilliant blue G
dye. During surgery, laser photocoagulation was performed on the non-perfused area. In 13
phakic eyes, phacoemulsification and intraocular lens implantation were also performed.

Statistical analysis was performed using IBM SPSS Statistics version 21.0 (IBM, Chicago,
[ll., USA). Values are presented as mean # standard deviation. For statistical analysis, VA
measured with a Landolt chart was converted to a logarithm of the minimum angle of reso-
lution (logMAR). Analysis of variance of repeated measurements was used to analyze CRT
and VA after the initiation of treatment. A p value <0.05 was considered statistically signifi-
cant.

Results

All eyes showed ME with symptomatic visual disturbance at the initial visit. VA ranged
from 0.40 to 2.00 (average 0.88 + 0.57) in logMAR.

After comprehensive ophthalmic examinations, nine of the patients were treated with
panretinal photocoagulation. All eyes were treated with an intravitreal injection of anti-
VEGF agents (bevacizumab in 14 eyes and ranibizumab in 1 eye). After this anti-VEGF treat-
ment, a reduction in ME was achieved. Compared with baseline, CRT had decreased signifi-
cantly after 1 month (p = 0.021). However, VA had not significantly improved over the same
time period (p = 0.769). In spite of repeated injections, all eyes showed persistent or recur-
rent ME. The mean number of injections (bevacizumab or ranibizumab) was 2.27 + 1.34
(table 2). Three of the patients were also treated with a sub-Tenon injection of triamcinolone
acetonide.

All patients were then treated with PPV and ILM peeling. Table 3 shows the change in
CRT and VA after surgery. CRT decreased gradually and this decrease became significantly
different from the presurgical value after 6 months (p = 0.024). In spite of this reduction in
CRT, VA showed no significant improvement throughout the follow-up period (14.7 + 11.6
months) (fig. 1). Three eyes subsequently developed neovascular glaucoma and one patient
underwent trabeculectomy.

Discussion

Since the Central Vein Occlusion Study Group [15] cast doubt on the efficacy of grid laser
photocoagulation for chronic CRVO-related ME, no effective alternative treatment standard
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had been established. The SCORE study [16] then demonstrated the efficacy of intravitreal
triamcinolone for ME secondary to perfused CRVO. However, the proportion of patients who
had a gain in VA letter score of 215 from baseline to month 12 was <30% [16]. Currently,
anti-VEGF treatment is generally thought to be the best choice for CRVO-associated ME
[4]. In the CRUISE study [17], the mean improvement in VA was 12.7 and 14.9 letters with
6 monthly injections of ranibizumab (0.3 and 0.5 mg, respectively). However, most eyes re-
quired repeated injections. In the HORIZON trial [6], the mean number of injections of ra-
nibizumab was >3 in the second year after the initiation of the treatment. The RETAIN study
[18] concluded that a substantial minority (44%) of patients with ranibizumab-treated
CRVO had edema resolution and a good outcome within 4 years, but most (56%) still re-
quired frequent injections and had reduced visual potential and a guarded prognosis. Taken
together, these studies suggest that although anti-VEGF treatment for ME is convenient and
has a rapid effect, repeated injections can be a burden for patients.

In this study, PPV with ILM peeling caused a gradual reduction in ME. However, the
mechanism by which this reduction was achieved is still uncertain. Vitrectomy may amelio-
rate retinal ischemia by allowing oxygenated fluid to circulate in the vitreous cavity [19].
Vitreomacular attachment is also suggested to be involved in persistent ME in eyes with
CRVO. For example, Kado et al. [20] reported that ME lasted significantly longer in CRVO
eyes with vitreomacular attachment than in those without. In addition, the occurrence of
posterior vitreous detachment may function primarily to facilitate the absorption of ME as-
sociated with CRVO [21]. ILM peeling, on the other hand, may contribute to the process by
ensuring the complete absence of traction in the macular area.

Several reports have shown the anatomical and functional efficacy of PPV combined
with ILM peeling on ME in eyes with CRVO [7-10]. However, some reported that the reduc-
tion of ME was not accompanied by visual improvement [11-13]. In this study, our patients’
ME gradually decreased after surgery, yet there was no significant improvement in VA. In a
previous analysis of eyes with CRVO, Ota et al. [22] reported that substantial damage to the
foveal photoreceptor layer was associated with poor VA prognosis. In their report, the integ-
rity of the foveal photoreceptor layer after resolution of ME was significantly correlated with
initial retinal perfusion status and initial VA. All our patients initially had extensive non-
perfused retina and initial VA was poor. Therefore, the findings of Ota et al. may explain the
anatomical and functional disparity seen in our patients.

The baseline report in the Central Vein Occlusion study found that the median VA of
group N (at least 10 disc areas of retinal non-perfusion) was 20/400 [23]. Furthermore, the
N report of the study showed that approximately one-third of eyes had no change in VA, one-
third had improved by at least two lines and one-third had lost two or more lines during a
3-year follow-up [24]. In eyes with ischemic CRVO, visual function is severely impaired and
recovery of VA may be limited [1]. Recently, the GALILEO study [25] reported that CRVO
eyes with non-perfused retina lost a mean of 8.0 + 15.8 letters at 52 weeks without treat-
ment, but that eyes with subsequent aflibercept treatment gained VA by 17.4 + 16.1 letters.
Repeated treatment with anti-VEGF agents may improve visual prognosis in eyes with is-
chemic CRVO. However, this beneficial effect would be limited for eyes with extremely poor
initial VA [26].

Recently, the European VitreoRetinal Society ME study [27] reported the efficacy of dif-
ferent therapies in the treatment of ME associated with CRVO [28]. Taking all 358 CRVO
cases together, PPV combined with ILM peeling resulted in a greater improvement in vision
than other therapies. However, this report showed no information on the perfusion status of
the treated eyes. As discussed above, visual prognosis in eyes with persistent ME of eyes
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associated with ischemic CRVO would be poor, even if treated with PPV combined with ILM
peeling.

There were various limitations to this study, namely the small sample size and the ret-
rospective study design. The non-comparative design of this study also rendered it impossi-
ble to determine whether surgical intervention improved the visual prognosis. Moreover,
since cataract surgery was performed in 13 patients, VA results in our patients may be diffi-
cult to interpret. However, the effect of cataract surgery on VA improvement would be small.
Nevertheless, postoperative improvement on VA was low after 1 month.

In conclusion, PPV combined with ILM peeling showed anatomical efficacy for ME that
persisted after anti-VEGF treatment in eyes with ischemic CRVO. However, there was no
significant concomitant improvement in VA. Further studies are necessary to elucidate the
optimal treatment for persistent ME after anti-VEGF treatment in eyes with ischemic CRVO.
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Table 1. Baseline characteristics of eyes treated with PPV combined
with ILM peeling for persistent ME in eyes with ischemic CRVO

Age, years 67.6£11.6
Gender, women/men 7/8
Hypertension 8 eyes (53.3%)
Diabetes mellitus 4 eyes (26.7%)
VA, logMAR 0.88+0.57

CRT, um 566+193

Foveal cystoid spaces 15 eyes (100.0%)
Serous retinal detachment under the fovea 8 eyes (53.3%)
Subretinal hemorrhage under the fovea 3 eyes (20.0%)
Follow-up period, months 21.2+129

Table 2. Treatments before PPV combined with ILM peeling for
persistent ME in eyes with ischemic CRVO

Intravitreal injections of bevacizumab 14 eyes
Number of injections (range) 1.9+1.2 (1-5)

Intravitreal injections of ranibizumab 2 eyes
Number of injections (range) 0.4+1.2 (2-4)

Panretinal laser photocoagulation 9 eyes

Grid laser photocoagulation 0 eye

Sub-Tenon injections of triamcinolone acetonide 3 eyes
Number of injections (range) 0.3+0.6 (1-2)
Duration between the initiation of anti-VEGF 6.5+4.7

treatment and PPV with ILM peeling, (1-16)

months (range)

Table 3. Change in CRT and VA after the initiation of treatment for ME in eyes with ischemic CRVO

CRT, pm VA, logMAR
Before the initiation of anti-VEGF treatment 566+193 0.88+0.57
1 month after initiation of anti-VEGF treatment 396+159a 0.85+0.46
Before PPV combined with ILM peeling 605+181 1.01+£0.46
1 month after PPV combined with ILM peeling 467200 0.95+0.48
3 months after PPV combined with ILM peeling 446x172 0.93+0.41
6 months after PPV combined with ILM peeling 406+160b 0.93+£0.51
At final visit 374+143ac 1.01+0.51

ap < 0.05 (compared with the values before the initiation of anti-VEGF treatment); bp < 0.05,<p < 0.01
(compared with the values before PPV combined with ILM peeling).
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Fig. 1. A 64-year-old man had decreased VA in the left eye (0.3 OS) due to ME caused by ischemic CRVO.
a Fundus photograph at the initial visit showing extensive retinal hemorrhage. b Fluorescein angiogram
showing a large non-perfused area. c-h Horizontal (left) and vertical (right) sectional images centered on
the fovea were obtained by OCT. ¢ OCT section at initial visit showing ME (CRT = 402 um). d No reduction
in ME was seen after an intravitreal injection of bevacizumab (CRT = 403 pm). There was also no im-
provement in VA (0.2 OS). Three months after the initial visit, the left eye was treated with PPV with ILM
peeling. During surgery, laser photocoagulation was performed on the non-perfused area. e-h After sur-
gery, ME decreased gradually, with no visual improvement. e One month after surgery (CRT = 484 pm,
0.1 OS). f Three months after surgery (CRT = 567 um, 0.2 OS). g Six months after surgery (CRT = 456 um,
0.2 0S). h Twelve months after surgery (CRT = 279 um, 0.15 OS).



	Abstract
	Introduction
	Patients and Methods
	Results
	Discussion
	Acknowledgements
	Statement of Ethics
	Disclosure Statement
	References

