CLINICAL STUDIES

Does Photocoagulation of Ischemic Peripheral Retina
Prevent Recurrences of Diabetic Macular Edema?

Sibel Coskun Akdemir' ©, Nurdan Gamze Tasli’

ABSTRACT

Purpose: To evaluate the effect of peripheral retinal photocoagulation on the number of needed intravitreal injections in patients with
diabetic macular edema (DME).

Methods: 59 eyes of 38 patients with DME were included in this retrospective study. Based on FFA findings, the patients with DME
divided into two groups: the nonischemic DME group and the ischemic DME group. Patients in the nonischemic DME group received
ranibizumab monotherapy and patients in the ischemic DME group received a combination therapy including intravitreal injection of
ranibizumab and peripheral targeted laser photocoagulation. Mean change in best corrected visual acuity (BCVA), central macular
thickness (CMT) and the number of injections were evaluated.

Results: The mean number of injections from baseline to final visit was 5.9+1.4 for the nonischemic DME group and 5.5+1.1 for the
ischemic DME group (P=0.451). At the end of the follow-up period, there was no significant difference in terms of CMT reduction and
BCVA gain between the two groups.

Conclusion: No significant difference was observed in the need for intravitreal injections between ischemic DME patients treated with

laser and non-ischemic DME patients.
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INTRODUCTION

Diabetic retinopathy (DR) has two important clinical
manifestations: diabetic macular edema (DME) and
peripheral retinal ischemia. DME is the major cause of
vision loss associated with DR.! DME is the accumulation
of fluid within and underneath the retina as a result of
the disruption in the inner (endothelial cells in the retinal
capillaries) and outer (retinal pigment epithelium cells)
blood-retina barrier (BRB) and can develop at different
stages of DR.? The incidence of DME is associated with
factors such as duration of diabetes, high serum cholesterol

levels, elevated systolic blood pressure and elevated

HbA1C ** Although, the pathogenesis of DME is not fully
understood, it is known that angiogenesis and inflamation
play important roles in this disease.>® The most important
factor in angiogenesis is vascular endothelial growth
factor (VEGF) which causes disruption of the BRB and
increase in vascular permeability.” Wessel et al. reported
that patients with retinal ischemia have 3.75 times greater
chance of having DME compared with those without
retinal ischemia. ® This may be explained by the fact that
VEGF is released from ischemic retina.®!® At present,
anti-VEGF agents are recommended as first-line therapy

in the treatment of DME. ' It can be hypothesized that
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photocoagulation of ischemic retina prevents recurrences
of DME by reducing VEGF production.

In our study, we planned to compare the number of needed
intravitreal injections between DME without peripheral
ischemia and DME with laser photocoagulation applied

peripheral ischemia.

METHODS

In this
followed up with the diagnosis of DME at a tertiary

study, the medical records of patients who were

center between January 2018 and January 2023 were
reviewed retrospectively. The protocol of the present study
conformed to the Declaration of Helsinki. The study was
approved by the Ethics Committee on Clinical Resarch
(2024/56 ). Due to the retrospective design, informed

consent was not obtained.

Age, gender, duration of diabetes, measurements of best
corrected visual acuity (BCVA), intraocular pressure, slit
lamp biomicroscopy, dilated fundus examination, optical
coherence tomography (OCT, Heidelberg Engineering,
Heidelberg,
( FFA, the integrated software of the Heidelberg Retina

Angiography 11) and the total number of injections were

Germany), fundus fluorescein angiography

collected from the medical records of patients. BCVA
was measured by a standardized Snellen chart. Snellen
visual acuity was converted to logMAR (logarithm of the
minimum angle of resolution ) for statistical analyses. OCT
measurements of central macular thickness (CMT, the
average thickness in the central 1000-um diameter ) were

calculated.

Peripheral ischemia was evaluated from the FFA images,
defined as areas of hypofluorescence corresponding to
capillary nonperfusion. Based on FFA findings, the eyes
with DME divided into two groups:
showing less than five disc diameters peripheral retinal

group 1 ( no or

ischemia) and group 2 (peripheral retinal ishemia showing

more than five disc diameters).

Inclusion criteria: Treatment-naive DR; DME with
CMT > 250 um measured by OCT;

photocoagolation in group 2 and; patients with follow-up

eyes applied laser

for at least 12 months.

Exclusion criteria: Patients who had history of any

ocular and retinal diseases; eyes with macular ischemia;

eyes received an anti-VEGF or steroid therapy other than

ranibizumab.

All eyes were treated with three loading doses of 0.50
mg ranibizumab (Lucentis, Genentech inc., South San
Francisco, CA, USA and Novartis Pharma AG, Basel.
Switzerland) followed by pro re nata (PRN) regimen.
Intravitreal injection was administered under sterile

conditions in the operating room.

The eyes in group 2 received laser photocoagulation in
the area of capillary nonperfusion defined as by FFA.
The recommended parameters for scattering laser include
duration of 0.1-0.2 seconds, 200-500 um diameter spot

size, and power to produce a medium white burn.

STATISTICAL ANALYSIS

Statistical analysis was conducted with SPSS 28.0 (IBM
Software, Chicago, IL). The normality of the distribution
for quantitative variables was tested using the Shapiro- Wilk
test. Quantitative variables were described using the mean
and standard deviation, while for qualitative variables the
number of cases over the total and percentage were used.
Mann-Whitney U test was used the binary comparison
between groups for quantitative data. The quantitative
data within the groups were compared using the Wilcoxon
test. The

the Chi-square test. P<0.05 was considered as statistically

qualitative data analysis was performed using

significant.

RESULTS

The study included 59 eyes of 38 patients with DME.
There were 34 eyes of 21 (55.2%) patients in group 1
and 25 eyes of 17 (44.8%) patients in group 2. The
baseline clinical characteristics ( age, sex, HbA1C, BCVA,
CMT and follow-up period) of the study groups were
not significantly different (Table 1). Patients in group 1
had a meantSD age of 60.7+7.2 years and 14 (41.2%)
were female and those in group 2 had a mean+SD age of
62.144.5 years and 16 (64.0%) were female. The mean
follow-up time was 14.8+1.9 months in group 1 and
14.0+1.9 months in group 2 (Table 1).

The mean baseline BCVA in group 1 was logMAR
0.50+0.27 and increased to logMAR 0.13+0.14 at the
end of the follow-up period (p<0.05). The mean baseline
BCVA in group 2 was logMAR 0.58+0.26 and increased
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to logMAR 0.20+0.22 at the end of the follow-up period
(p<0.05). BCVA gain was significant compared to baseline
at the end of the follow-up period in both study groups and

there was no significant difference between the two groups
(p=0.708, Table 2).

The mean baseline CMT in group 1 was 454.6+112.5 ym
and decreased to 252.9434.6 um at the end of the follow-
up period (p<0.05). The mean baseline CMT in group 2
was 438.9490.4 um and decreased to 256.84+30.3 um at the
end of the follow-up period (p<0.05). CMT reduction was
significant compared to baseline at the end of the follow-up
period in both study groups and there was no significant

difference between the two groups (p=0.759, Table 2).

The mean number of injections within the follow-up
period was 5.9+1.4 in group 1 and 5.5+1.1 in group 2.
This difference was not statistically significant (p=0.451,
Table 2).

No serious ocular or systemic complications did not occur

during the follow-up.

DISCUSSION

In our study, we found that there was no significant
difference in terms of the number of needed intravitreal
injections in eyes with DME with peripheral ischemia and

without peripheral ischemia during the follow-up.

VEGF has an important role in the pathogenesis of DME.
There are studies in the literature reporting the relationship
between DME and peripheral ischemia in patients with
DR 8,13,14

Jingwen et al. reported that the ischemic index of the
posterior and mid-peripheral retina in DME eyes was
higher than that in eyes without DME.* In light of this
information, it can be thought that laser photocoagulation
of ischemic areas can prevent recurrence of DME. Retinal
photocoagulation reduces the release of angiogenic factors
by destroying metabolically active cells. '>!¢!7 Takamura
et al. reported that targeted retinal photocoagulation for
nonperfused areas decreased the risk of recurrence of DME
after intravitreal injection of bevacizumab.® However, in a

prospective study comparing ranibizumab and ranibizumab

Table 1. Baseline Characteristics of the Study Patients
Group 1 Group 2 P Value
Mean (SD) Mean (SD)
Age 60.7 (7.2) 62.1(4.5) 0.238%*
Female sex (%) 14 (41.2) 16 (64.0) 0.083**
HbAlc 8.5(1.3) 9.1(1.2) 0.104%%**
Follow-up 14.8 (1.9) 14 (1.9) 0.094*
SD, standard deviation, * Mann-Whitney U test, ** Chi-square test, *** independent sample t test

Table 2. Clinical Data of the Study Patients

Group 1 (n=34) Group 2 (n=25) P Value
Mean (SD) Mean (SD)
BCVA (logMAR)
Baseline 0.50 (0.27) 0.58 (0.26) 0.311*
Final 0.13 (0.14) 0.20 (0.22) 0.271%
BCVA Gain 0.37 (0.19) 0.38 (0.26) 0.708*
CMT (pm)
Baseline 454.6 (112.5) 438.9 (90.4) 0.824*
Final 252.9 (34.6) 256.8 (30.3) 0.549%
CMT Reduction 201.7 (107.3) 182.2 (78.6) 0.759*
Number of injections 5.9 (1.4) 5.5(1.1) 0.451*

BCVA, best corrected visual acuity; CMT, central macular thickness; SD, standard deviation, * Mann-Whitney U test
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plus targeted retinal photocoagulation, it was found that
there was no benefit of targeted retinal photocoagulation
for reducing the DME treatment burden. '® So there is no

consesnsus on this issue in the literature.

To our knowledge, this is the first study to compare the need
for anti-VEGF between

and without peripheral ischemia. In our study, eyes without

DME with peripheral ischemia

peripheral ischemia received ranibizumab monotherapy
and eyes with peripheral ischemia received a combination
therapy including intravitreal injection of ranibizumab and
peripheral targeted laser photocoagulation. At the end of
the follow-up period, there was no significant difference
in terms of CMT reduction and BCVA gain between the
two groups. The mean number of injections within the
follow-up period was 5.9+1.4 for eyes without peripheral
ischemia and 5.5+1.1 for eyes with petipheral ischemia.
Although this difference was not statistically significant,
the number of injections was slightly less in eyes with

peripheral ischemia.

In the current study, the mean level of HbA1C of the study
groups were similar. DME can occur in both DR with
peripheral ischemia and DR without peripheral ischemia.
The mechanism of DME formation may be different in
eyes with peripheral ischemia and without peripheral
ischemia. Chronic hyperglycemia is a critical factor in the
pathogenesis of DME. Hyperglycemia induces oxidative
stress and causes formation of advanced glycation end-
Thus,

pathways can result in increased VEGF production. 202!

products. these abnormalities in biochemical
We think that chronic hyperglycemia may be responsible
for the formation of DME in both groups. However, it
can be hypothesized that hypoxic retina in group 2 may
increase DME by contributing to VEGF production.
Hypoxia increases hypoxia-induced factorla levels
which causes the production of proangiogenic factors
such as VEGF. 2

severe nonproliferative DR or prroliferative DR. Eyes in

In our study, there were patients with

group 2 received early peripheral laser photocoagulation
treatment ( without retinal neovascularization or vitreous
hemorrhage). FFA was performed at 6 month intervals and
laser photocoagulation was applied until all detected areas
of nonperfusion were covered. From the literature, it was
reported that prophylactic laser photocoagulation did not

prevent the development of iris or angle neovascularization

in eyes with extensive capillary non-perfusion (5 or more
disc areas). > However, we routinely performed early laser
photocoagulation due to the prospect of difficult follow-
up or poor compliance. There are studies in the literature
investigating the effects of anti-VEGF agents on retinal
blood flow.*?* Couturier et al. reported that no reperfusion
of'vessels or capillary network was detected in nonperfusion
areas in eyes with DR after 3 anti-VEGF injections.
3 Mizui et al reported that intravitreal ranibizumab
injection reduces both retinal and choroidal blood flow
in treatment naive DME. ?® Since anti-VEGF agents do
not improve retinal hypoxia, we think that the hypoxic
retina which is the source of VEGF, should be treated
with laser photocoagulation. In our study, the number of
intravitreal injections did not differ significantly between
ischemic and non- ischemic DME groups. Because laser
photocoagulation was performed in the ischemic group,
this finding should be considered hypothesis- generating
and does not allow a definitive conclusion regarding the
effect of laser photocoagulation on injection requirement.
We previously reported a similar result in patients with

macular edema due to branch retinal vein occlusion. ¥’

STUDY LIMITATIONS

The limitations of this study were its retrospective design,
relatively small sample size and lack of a control group.
Another limitation of the study was that the evaluation of
capillary nonperfusion regions with conventional FFA.
The laser was applied using an indirect contact laser lens
( Volk SuperQuad 160 — the widest field of view). That’s

why the entire periphery could be visualized.

CONCLUSION

In conclusion, no significant difference was observed in
the need for intravitreal injections between ischemic DME
patients treated with laser and non-ischemic DME patients.
Larger sample sizes of randomized clinical trials are needed

for the assessment.
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