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ABSTRACT
Objective: This study aims to investigate functional changes in the macula by multifocal
electroretinography (mfERG) following intravitreal dexamethasone implant for the treatment of macular edema secondary to branch retinal vein occlusion (BRVO).
Methods: Forty-two patients treated with intravitreal dexamethasone implant (Ozurdex®,
Allergan, Irvine, CA) for macular edema secondary to branch retinal vein occlusion (17 male,
25 female, mean age: 58.4±10.3 years) were included this study. All patients had a detailed
ophthalmological examination, including determination of best-corrected visual acuity, slitlamp examination, dilated fundus examination, optical coherence imaging of the macula and
multifocal electroretinography. These examinations were performed in all cases before the
intravitreal injection of dexamethasone implant, and the patients were followed with these
modalities until six months after implantation.
Results: The mfERG changes in rings and effected quadrants were not statistically significant
(p>0.05). Implicit times in affected quadrants were 38.74±3.76 ms and 39.88±3.63 ms in preimplantation period and were measured as 38.08±2.66 ms, 38.57 ms in the post-implantation
period. Although p wave implicit times in all rings and effected quadrants were relatively
shorter, the difference was not statistically significant (p>0.05).
Conclusion: Previous reports with first and third month results showed no significant
change in mfERG findings in patients with BRVO in the short term. In this study, although
a significant increase in visual acuity and a significant decrease in central macular thickness were observed in six months after Ozurdex in BRVO patients, no significant functional
change was observed in mfERG.

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

INTRODUCTION
Retinal vein occlusion (RVO) is the second most common
retinal vascular disease after diabetic retinopathy.[1] RVO
almost always occurs at arteriovenous crossings, where
arteries and veins share a common adventitia sheath.[2–4]
According to the localization of the occlusion, RVO is classified as BRVO and central retinal vein occlusion (CRVO).
branch retinal vein occlusion (BRVO) is three times more
frequent compared to CRVO and mostly has a better prognosis with the more favorable visual outcome.[5] Macular
edema is a frequent complication of RVO and is the most
common cause of the reduction in visual acuity in these
patients.[6,7] Randomized controlled studies have shown
that treatments with laser photocoagulation,[8] intravit-

real administration of anti-vascular endothelial growth
factors,[9] triamcinolone acetonide[8,10] and dexamethasone
implant[11] is effective in the treatment of macular edema
and increase visual acuity.
Ozurdex is a biosoluble copolymer of micronized dexamethasone and polylactic acid with glycolic acid. Several
studies demonstrated that Ozurdex could reduce macular edema for a six-month period.[11] Although intravitreal
dexamethasone implant may cause an increase in intraocular pressure (IOP) in some cases,[11] this condition can
be successfully controlled with medical therapy in most
cases. The development of cataracts another possible side
effect and can also be successfully treated with modern
techniques of cataract surgery. This treatment requires
less frequent injections compared to the other available
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treatment options, and therefore, may result in a better
patient comfort and a lower rate of injection-related complications.[12]
Electroretinography (ERG) is a useful tool to evaluate functional changes in retinal diseases,[13] and therefore, found
wide use in clinical evaluation and research of various retinal diseases since its first introduction by Sutter and Tren
in 1992.[14] mfERG allows simultaneous recording of focal
responses from hundreds of different retinal regions[15] and
has been shown to be useful in the evaluation of the retinal
dysfunction in RVO patients.[16]
This study aims to analyze the effects of dexamethasone
intravitreal implant on the recovery of retinal function in
BRVO patients with mfERG.
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of variables was evaluated using the Kolmogorov-Smirnov
test. A paired t-test was used for comparison of repeated
measurements. Statistical significance was set at p<0.05.

RESULTS
Twenty-eight patients had superior temporal vein occlusion, and 14 patients had inferior temporal vein occlusion.
Pre-implantation central macular thickness (CMT) was
571.82±152.1 μm in BRVO patients; CMT was significantly reduced in third-month (369.8±110.6 μm, p<0.05)
and 6th month (401.1±97.96, p<0.05). LogMAR visual acuTable 1.

Multifocal electroretinography amplitude changes
following intravitreal dexamethasone implant

MATERIALS AND METHODS

Multifocal ERG was performed according to guidelines of
the Internation Society for Clinical Electrophysiology of
Vision (17) using the RETI Scan multifocal system (RolandConsul, Brandenburg, Germany). The stimulus consisted
of 61 hexagons, and the viewing distance was 26 cm with
a viewing angle of 30º. Disposable Dawson Trick Litzkow
(DTL) electrode was preferred. A reference electrode
was placed on the glabellar region, and the active electrodes were placed on canthus. Pupils were dilated with
1% tropicamide in all of the measurements. Measurements
were performed +3.00 D near addition after the correction of other refractive errors. P wave amplitude and implicit times were evaluated in all cases. P wave amplitude
was the amplitude of the highest positive wave. P wave
implicit time was the time interval between the negative
peak point and the positive peak point. Ring p waves and p
waves in quadrants (Quadrant 1 and 4 for superior temporal vein occlusion; quadrant 2 and 3 for inferior temporal
vein occlusion) were measured to evaluate retinal function. Implicit times were also evaluated similarly.

Statistical analysis
SPSS 22 for Windows (SPSS Inc, Chicago, IL, USA) software was used for the statistical analysis. The distribution

6. month

p

70.0
34.97
21.97
12.83
9.32

75.44
37.6
22.6
13.22
9.01

0.400
0.560
0.766
0.614
0.704

R1aP1
R2aP1
R3aP1
R4aP1
R5aP1

R: Ring; a: Amplitude. There was no statistically significant difference in any
of the ring amplitude measurements between baseline and six months after
intravitreal dexamethasone implant (p>0.005).

Table 2.

Amplitude and implicit time changes in quadrants
Baseline

6. month

p

13.88
14.76
38.74
39.88

14.5
14.96
38.08
38.57

0.657
0.614
0.059
0.139

Q1-Q4aP1
Q2-Q3aP1
Q1-Q4iP1
Q2-Q3iP1

Q: Quadrant; a: Amplitude; i: Implicit time. There were no statistically significant differences in any of the quadrant amplitude or implicit time measurements between baseline and six months after intravitreal dexamethasone
implant (p>0.005).
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This study included 42 patients (17 male, 25 female, mean
age: 58.4±10.3 years) treated with intravitreal dexamethasone implant (Ozurdex®, Allergan Inc., Irvine, CA)
for macular edema secondary to BRVO, in Kartal Education and Research Hospital, between November 2013
and November 2014. Evaluation of best-corrected visual
acuity (BCVA, Snellen), slit-lamp examination of anterior
segment and retina, and macular thickness measurements
by optic coherence tomography (OCT) were performed
for the clinical follow-up of these patients at baseline first,
third and sixth month. Multifocal ERG measurements were
acquired for all patients before and six months after the
administration of intravitreal dexamethasone implant.
Snellen acuities converted to logMAR while performing
statistical analyses. This study was conducted in accordance with the tenets of the Declaration of Helsinki.
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Figure 1. Multifocal electroretinography implicit time changes
following intravitreal dexamethasone implant. There were no
statistically significant differences in any of the ring implicit time
measurements between baseline and six months after intravitreal dexamethasone implant (p>0.005).
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ity was 1.08±0.5 before the implantation; and improved
significantly in third-month (0.69±0.38, p<0.05) and sixth
-month after implantation (0.62±0.37, p<0.05).
There were no statistically significant changes between
the baseline and 6th-month mfERG evaluations for r1, r2,
r3, r4 and r5 P1 wave amplitudes (Table 1). P1 wave amplitudes in the affected quadrants of the retina did not
change after intravitreal dexamethasone implant administration (13.88±5.08 and 14.76±4.72 vs. 14.50±4.89 and
14.96±5.64, p>0.05).
The mfERG implicit time changes for r1, r2, r3, r4, and
r5 P waves did not show a statistically significant change
before and after implantation (Table 2). Implicit times in
affected quadrants did not change significantly six months
after implantation (38.74±3.76 ms and 39.88±3.63 ms vs.
38.08±2.66 ms, 38.57±, p>0.05) (Fig. 1).

DISCUSSION
There have been several studies about ERG changes in
RVO. Full-field ERG (ffERG) represents the whole retinal
functional condition. Chen et al.[18] have reported that
negative photopic response represents well the functional
condition of the retina in BRVO. Another study by Noma
et al.[19] demonstrated that implicit time of b wave in the
flicker phase (representing cone functions) is increased.
Unlike ffERG, mfERG only indicates the function of the
macular region.[20,21] P wave amplitude and implicit time in
mfERG demonstrated the functional damage of the macula and was shown to be reduced in patients with RVO.
Dolan et al.[22] reported that P wave amplitude was lower,
and implicit time was longer in CRVO. Similarly, Ikeda et
al.[23] displayed that P implicit time was delayed in both
central region and effected quadrant. Many other studies
confirmed that mfERG is abnormal in RVO.[24,25]
A relatively recent study reported that there was no statistically significant difference in P wave amplitude and implicit time in 31 RVO patients one-month after injection
of bevacizumab. The authors concluded that bevacizumab
was non-toxic to photoreceptors.[26] Park et al.[27] demonstrated in mfERG study that macular function was significantly improved after three consecutive intravitreal bevacizumab injections with six weeks intervals, in addition to
the improvement of OCT findings in 19 patients. Another
study by Chung et al.[28] reported significant improvements
in mfERG among BRVO patients after arteriovenous
sheathotomy.
Querques et al.[29] reported that there was no improvement in mfERG in 19 RVO patients after the administration of intravitreal dexamethasone implant. In another
study, they have also reported that there was an insignificant trend for improvement after the intravitreal dexamethasone implant, but this improvement faded in mfERG
evaluations in the third month.[30]
In this study, we did not observe a statistically significant
improvement in mfERG findings in BRVO patients treated
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with intravitreal dexamethasone implant, although there
was a statistically significant improvement in visual acuity and in CMT measured with OCT. Our observations
confirm the results reported by Querques et al. and indicate that there is still no significant improvement in the
sixth month in these patients.[29,30] The question of why
the electrophysiological findings do not improve, while
visual acuity and OCT findings improve, remains unknown.
Future work with longer follow-up periods and repetitive
implants would contribute to a better understanding of
this subject.
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Retinal Ven Tıkanıklığı Hastalarında İntraviteral Deksametazon
İmplant Sonrası Multifokal Elektroretinogram Değişiklikleri
Amaç: Bu çalışmanın amacı retinal ven dal tıkanıklığında makula ödemi tedavisinde kullanılan intravitreal deksametazon implantın (Ozurdex®, Allergan, Irvine, CA) multifokal elektroretinogram (mfERG) deki etkinliğini gözlemleyerek Ozurdex’in retinanın fonksiyonel yapısındaki
etkinliğini incelemektir.
Gereç ve Yöntem: Çalışmamıza Kasım 2013–Kasım 2014 tarihleri arasında retinal ven dal tıkanıklığı (RVDT) nedeniyle Ozurdex implant
uyguladığımız 17’si erkek toplam 42 hasta dahil edildi. Bütün hastalara Ozurdex uygulaması öncesinde snellen eşeline göre düzeltilmiş en iyi
görme keskinliği, biomikroskopik muayene, optik koherent tomografi ile makuler kalınlık ve mfERG ölçümleri yapıldı. Hastalar deksametazon
implant öncesi ve sonrası altıncı ayda mf ERG testi uygulandı.
Bulgular: Etkilenen kadranlarda ve ringlerde mfERG değişiklikleri istatsitiksel olarak anlamlı bulunmadı (p>0.05). RVDT nedeniyle etkilenen
kadranda implisit zamanı implantasyon öncesi 38.74±3.76 ms iken implantasyon sonrası 38.08±2.66 ms, olarak ölçüldü. Tüm ringlerde ve
etkilenen kadranlarda p dalgasının implisit zamanı kısalmış olsa da bu durum istatistiksel olarak anlamlı bulunmadı.
Sonuç: Daha önce yapılan çalışmalarda Ozurdex sonrası birinci ve üçünvü aylarda mfERG de anlamlı fonksiyonel etki görülmediği raporlanmıştır. Bu çalışmada RVDT hastalarında Ozurdex sonrası altıncı ayda görme keskinliğinde anlamlı artış, santral makula kalınlığında anlamlı
azalma görülmesine rağmen mfERG de anlamlı fonskiyonel değişiklik görülmediği sonucuna varıldı.
Anahtar Sözcükler: Deksametazon; elektroretinogram; multifokal.

