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Abstract:

Objective: to analyze the effect of surgical intervention in resistant diabetic macular edema (DME) on morphological and
functional parameters of the retina according to optical coherence tomography (OCT) and microperimetry data.

Materials and methods. Our study included 75 patients diagnosed with resistant DME: Group 1 (25 patients, 25 eyes) treated
with intravitreal injection of anti-VEGF drugs; Group 2 (26 patients, 26 eyes) undergoing vitrectomy (VE) with internal limiting
membrane peeling; Group 3 (24 patients, 24 eyes) undergoing VE with internal limiting membrane peeling and submacular
injection of balanced salt solution (BSS).

Results. After 1 wk., the foveal thickness in Group 3 decreased by 1.3 times (p=0.043) compared with Group 1 and 1.2-fold
(p=0.044) compared with Group 2; after 1 mo.: by 1.5 times (p=0.041) and 1.2-fold (p=0.044); after 6 mos.: by 1.2 times
(p=0.042) in Group 2 and 1.4-fold (p=0.042) in Group 3 against Group 1; after 12 mos.: by 1.3 times in Group 3 (p=0.043)
against Group 1. When analyzing the best corrected visual acuity (BCVA) after 6 mos., the functional results in patients of
Groups 2 and 3 improved by 1.8 times (p=0.038) and 1.9 times (p=0.039), respectively against Group 1. Light sensitivity 1 wk.
after surgery was 1.4 times higher in Group 2 (p=0.042) and 1.5 times higher in Group 3 (p=0.041) than in Group 1.

Conclusion. In the treatment of DME, vitreoretinal surgery plays an important role in changing retinal parameters, contributing

to a decrease in thickness in the early stages, an increase in light sensitivity, and an increase in BCVA.
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Introduction

Diabetic macular edema (DME) is among top priority
complications of diabetic retinopathy: not only it significantly
affects the reduction of visual acuity but also can lead to
blindness [1]. According to the International Diabetes
Federation, in 2021 the number of people suffering from
diabetes reached 537 million, and it is expected that this
number will increase to 643 and 783 million people by 2030
and 2045, respectively [2]. The main factor in vascular
damage is an oxidative stress caused by an increase in the
level of inflammatory cytokines [3].

Chronic hyperglycemia causes oxidative stress, thereby
contributing to the formation of advanced glycation end-
products (AGEs), which activate inter-cellular adhesion
molecule 1 (ICAM-1), also known as cluster of differentiation
54 (CDs54), which deteriorates the condition of the
endothelium by increasing the level of transcription factors
such as nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) [4]. Another harmful effect is the
formation of reactive oxygen species. Increased formation of
reactive oxygen species leads to the initiation of lipid
peroxidation and, as a consequence, additional damage to the
lipid layer of cell membranes occurs [5]. Vascular endothelial
growth factor A (VEGF-A) is a dimeric glycoprotein that is a
key regulator of angiogenesis. Its concentration in the
vitreous body of the eye in patients with diabetic retinopathy

increases sharply demonstrating exponential growth [6]. One
of the mechanisms by which VEGF-A damages the retina is
related to its effect on the claudin-1 protein. The latter is a
structural protein that forms tight junctions, ensuring the
integrity of the blood vessel wall and affecting the
permeability of retinal endothelial cells. VEGF-A reduces the
content of claudin-1 via phosphorylation. This leads to a
reduced strength of the junctions, thereby increasing the
permeability of the vessel walls and resulting in macular
edema [7].

For a long time, laser photocoagulation of the central
retinal zone was widely used for DME treatment [8]. The
introduction of angiogenesis inhibitors into clinical practice
has been a milestone achievement in the treatment of
macular edema of various origins. Currently, anti-VEGF
drugs are recognized as the gold standard for the treatment of
DME [9, 10]. When there is pathology of the vitreomacular
interface in DME, vitrectomy (VE) is recommended to
eliminate tangential vitreomacular traction contributing to
the development of edema [11, 12]. VE improves
microcirculation and increases oxygen levels in the vitreous
chamber, as well as contributes to the removal of altered
structures, thereby preventing further disorders [13].

Objective — To analyze the effect of surgical intervention
in resistant DME on morphological and functional
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parameters of the retina according to optical coherence
tomography (OCT) and microperimetry data.

Materials and methods

Our study included 75 patients (75 eyes), including 45
women and 30 men, with a mean age of 57.3 + 5.5 years.

Inclusion criteria were patients with a resistant form of
DME (cystoid macular edema and mixed macular edema)
unresponsive to conservative treatment (retinal laser
photocoagulation and anti-VEGF therapy), complaining of
decreased visual acuity, and without prior vitreoretinal
surgery. Patients with glaucoma of various origins, cataracts,
and proliferative retinopathy were excluded. The patients
were divided into 3 study groups.

Group 1 included 25 patients (25 eyes) subjected to
combination therapy: intravitreal injection of anti-angiogenic
drugs (aflibercept, brolucizumab) and retinal laser
photocoagulation. Group 2 comprised 26 patients (26 eyes)
who underwent three-port 25G pars plana VE using
conventional technology: removal of the internal limiting
membrane (ILM). Group 3 consisted of 24 patients (24 eyes),
for whom three-port 25G pars plana VE and ILM removal
were performed. Then, 1 mm from the temporal edge of the
macular edema boundary, we injected 0.08—0.12 mL of a
balanced salt solution (BSS) into the subretinal space through
a 38G needle, thereby inducing retinal detachment along the
outer edge at the extent corresponding to the boundaries of
the macular edema.

Before the surgery, as well as after 1 wk., 1 mo., 6 mos.,
and 12 mos., we performed an ophthalmological examination,
including measurement of best corrected visual acuity
(BCVA), intraocular pressure, biomicroscopy of the anterior
segment of the eye, OCT of the retina, and microperimetry.

Before surgery, the mean BCVA values were 0.2+0.06,
0.24+0.07 and 0.21+0.07 for Groups 1, 2 and 3, respectively.
The mean foveal thickness before surgery in Group 1 was
435.5+49, while in Groups 2 and 3 it was 433.1+44 and
428+48 pm, respectively. According to the microperimetry
data before surgical intervention, light sensitivity was
12.85+1.7, 12.2+1.9 and 12.6+1.2 dB in Groups 1, 2 and 3,
respectively.

The study was conducted in compliance with the
standards of Good Clinical Practice and the Declaration of
Helsinki principles. The study protocol was approved by the
Ethics Committee of the participating clinical center. Written
informed consent was obtained from all participants before
their inclusion in our study.

Statistical processing of collected data was carried out
using the IBM SPSS Statistics 23 software. The results of
descriptive statistics in most tables are presented as M+m,
where M is the mean value, and m is the standard deviation.
The distribution of trait measurements for compliance with
the normal distribution law was checked using the
Kolmogorov-Smirnov test (delta values before and after the
surgery were calculated). To assess the statistical significance
of differences, a parametric criterion was employed: the two-
sided Student’s t-test. Differences were considered
statistically significant at p<0.05.

Results

Surgical intervention was performed on all participants in
the study without intraoperative complications. During the
first week, 1 (3.8%) patient in Group 2 was diagnosed with
intraocular hemorrhage, which was resolved with
conservative treatment. At 3 mos. after surgery, a recurrence
of macular edema was recorded in 3 (11.5%) patients of
Group 2 and 1 (4.1%) patient of Group 3. Intravitreal
injections of anti-VEGF drugs were performed to reduce the
edema with a favorable outcome. From a statistical
standpoint, all measurements were similar in the
preoperative period.

According to the results of the study conducted 6 mos.
after surgery, visual acuity in Group 1 was 0.18+0.07. Its
values in Groups 2 and 3 were 0.33+0.06 and 0.34+0.06,
respectively, i.e. 1.8 (p=0.038) and 1.9 (p=0.037) times
higher than in Group 1 (Figure 1).

In the postoperative period, we observed a statistically
significant decrease in retinal thickness in Groups 2 and 3.
After 1 wk., the foveal thickness was 325.1+23.8 um in Group
3 patients, which was 1.3 times less than in Group 1 patients
(p=0.043) and 1.2 times less than in Group 2 patients
(p=0.044). After 1 mo., it was 285.7+24.1 um, i.e. 1.5 times
less (p=0.041) and 1.2 times less (p=0.044) vs. patients in
Groups 1 and 2, respectively. In Group 2 patients, after 1 mo.,
the foveal thickness was 356.4+27.6 um, which was 1.2 times
less than in Group 1 (p=0.044). After 6 mos., the foveal
thickness in patients of Group 2 was 354.3+38.3 um, which
was 1.2 times less than in Group 1 patients (p=0.044). At the
same time, in patients of Group 3 it was 300.1£35.6 um,
which was 1.4 times less than in patients of Group 1
(p=0.042). Later on, 12 mos. after surgery, the retinal
thickness in the fovea in patients of Group 3 was 340.4+31.9,
which was 1.3 times less than in Group 1 patients (p=0.043).
At 12 mos., an increasing volume of retinal tissue in the fovea
was observed in all groups of patients (Figure 2).

Analysis in Inner/Outer Retinal Layer Thickness mode
revealed that the reduction in retinal thickness occurred
primarily due to changes in the outer layer. Before surgery,
the thickness of the outer layer in patients of Group 3 was
329.8+36.0 um, while in Groups 1 and 2 it was 323.2+37.2
and 319.61+31.6 pm, respectively. At 1 wk. after surgery, the
thickness of the outer layer in Group 3 patients decreased by
1.5 times (212.0+32.2 um; p=0.041 vs. Group 1 patients).
After 1 mo., retinal tissue thickness of the outer layer in
Groups 2 and 3 decreased 1.2-fold and 1.8-fold, amounting to
245+25.1 um (p=0.044 vs. patients of Group 1) and
171.5+30.7 um (p=0.038 vs. patients of Group 1),
respectively. Also, after 6 mos., retinal tissue thickness of the
outer layer decreased 1.3-fold (243.7£41.2 pm; p=0.043 vs.
Group 1 patients) for Group 2 patients and 1.7-fold for Group
3 (185.6+42.4 um; p=0.040 vs. patients of Group 1). At 12
mos., patients in all groups demonstrated a tendency towards
an increase in the outer retinal tissue layer (Table).
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M Group 1: intravitreal administration of a medicinal drug
M Group 2: vitrectomy with membrane peeling

M Group 3: vitrectomy with membrane peeling + subretinal injection of balanced
salt solution (BSS)
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Figure 1. Best corrected visual acuity in patients before and

after surgery, M+m

M Group 1: intravitreal administration of a medicinal drug cpepcrea)
B Group 2: vitrectomy with membrane peeling

M Group 3: vitrectomy with membrane peeling + subretinal injection of balanced
salt solution (BSS)
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Figure 2. Foveal thickness in patients before and after
surgery, M+m, pm

B Group 1: intravitreal administration of a medicinal drug)
W Group 2: vitrectomy with membrane peeling

M Group 3: vitrectomy with membrane peeling + subretinal
injection of balanced salt solution (BSS)
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Figure 3. Changes in light sensitivity in patients before and
after surgery, M+m, dB

Table. Changes in retinal thickness in Inner/Outer Retinal
Layer Thickness mode, M+m, um

Inner Outer
Observation Full retinal retinal retinal
. Group .
period thickness layer layer
thickness thickness
1 435.5+30.1 112.3+21.4 | 323.2+37.2
Before
2 433.11+26.1 113.5+20.4 | 319.61+31.6
surgery
3 445.0+27.9 115.2420.2 | 329.8+36.0
1 434.6+36.7 111.8+20.1 | 322.8+36.1
2 382.75+25.9 111.4+20.8 274.3+35.4
1 wk.
3 325.1+23.7 113.1£20.1 | 212.0+32.2*
1 429.3+38.3 111.7+16.7 317.6+35.8
1 2 356.4+27.6 110.6+18.5 | 245.8+25.1*
mo.
3 285.7+24.1 114.2+17.4 | 171.5+30.7*
1 430.2+36.3 110.2+£16.6 | 320.0+34.5
6 2 354.3+38.3 110.6+17.3 | 243.7+41.2*
mos.
3 300.1+35.6 114.5+17.7 | 185.6+42.4*
1 432.8+43.1 113.1+13.4 319.7+35.4
12 mos. 2 370.1+37.7 112.8+16.8 257.3+45 .4
3 340.4+31.9 115.6+15.2 224.8+47.9

*p<0.05 against Group 1.

Microperimetry data indicated that the mean light
sensitivity before surgery was 12.5+1.7 dB in Group 1;
12.2+1.7 dB in Group 2, and 12.6+1.7 dB in Group 3.
Analyzing the results 1 wk. after surgical treatment, we
observed a statistically significant increase in light sensitivity
in Group 2 and Group 3 patients (17.5+1.8 dB and 19.1+0.8
dB), which was 1.4 times and 1.5 times higher, respectively,
vs. the baseline values, and also against Group 1 patients
(12.75+1.8 dB), (p=0.042 and p=0.041 for Groups 2 and 3,
respectively, vs. Group 1 patients and relative to baseline
measurements). Throughout the entire observation period,
we observed an ongoing increase in light sensitivity in
patients of Group 3 (Figure 3).

Discussion

In DME, a thickening of the retinal ILM and an increase
in its density are observed, which leads to the sustained
presence of DME [14]. According to the published evidence,
combining VE with ILM peeling can improve anatomical and
functional outcomes, thereby reducing the risk of recurrent
retinal edema in the future [15, 16].

Subretinal injection of BSS reduces oncotic pressure, and
as a result of direct action on target cells, the pumping
function of the retinal pigment epithelium increases, which
we observed in Group 3 patients. Subretinal administration
of medicines is commonly used in the treatment of
neovascular age-related macular degeneration (nAMD),
submacular hemorrhages against the background of nAMD
[17], and hereditary retinal dystrophies [18]. In the case of
submacular hemorrhages, injections of tissue plasminogen
activator are considered the gold standard [19]. R. Luan et al.
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performed VE with subretinal administration of BSS in
severe idiopathic epiretinal membrane. According to their
results, this method allowed achieving an improvement in the
anatomical outcome (a reduction in retinal thickness from
567.5 to 395.5 um within 1 wk.) and a twofold increase in
BCVA [20]. Standard treatment of DME is based on
intravitreal injections of anti-VEGF drugs, while in resistant
DME, VE with peeling and subretinal injecion of BSS is an
option.

Conclusion

Our study demonstrates that conventional three-port VE
with ILM peeling and subretinal injection of BSS yields an
improvement in visual acuity, increased light sensitivity, and
a reduction in macular edema. These results confirm that in
the treatment of DME, vitreoretinal surgery plays an
important role in altering retinal parameters.
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