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Background: Diabetic macular edema (DME) can be seen in both types of diabetic
retinopathy (DR), and is a major cause of vision loss.
Purpose: To evaluate the efficacy of the combination treatment for DME in type 2 diabetic
patients with non-proliferative diabetic retinopathy (NPDR).
Material and Methods: An open-label, controlled study included 45 type 2 diabetic
patients with both NPDR and DME. Patients of the aflibercept-plus-hyperbaric oxygen
(HBO) group and those of the aflibercept-only (control) group received a monthly
intravitreous aflibercept at a dose of 2 mg (50 µL) for 3 months. In addition, the former
patients received an adjunctive treatment with ten sessions of HBO in the period between
the first and the third injections. Changes in clinical and biochemical characteristics were
assessed at 3 months after initiation of treatment.
Results: At 3 months, patients of the aflibercept-plus-HBO group showed a statistically
significant improvement in visual acuity, improvement in retinal light sensitivity, reduction
in manifestations of DME, and statistically significant reductions in blood glucose and
glycated hemoglobin levels. At 3 months, the changes in the activities of antioxidant
enzymes were more substantial in this group, and these improvements were statistically
significant compared to baseline and compared to controls. Particularly, superoxide
dismutase (SOD) activity, catalase (CAT) activity, and glutathione reductase (GSR)
activity decreased by 33.9%, 22.4% and 17.7%, respectively, compared to baseline, and
34.78%, 28.9%, and 25.3%, respectively, compared to controls.
Conclusion: Treatment for DME with the use of aflibercept and adjunctive HBO caused
a substantial reduction in the frequency of DME and improvements in visual acuity and
retinal light sensitivity in type 2 diabetic patients NPDR. Under these conditions, a
decrease in the activity of CAT was larger than that of GSR but smaller than that of SOD,
likely indicating an improvement in antioxidant protection.

Introduction

Diabetic macular edema (DME) can be seen in both
types of diabetic retinopathy (DR) [1], in type 1 and type
2 diabetes mellitus (DM), and is a major cause of vision
loss [2-4]. The value of DME as a factor of deterioration
of quality of life increases with increases in diabetes
duration, blood pressure and glycated hemoglobin
(HbA1c). A reduced retinal oxygen level is important in
the pathogenesis of DME [5], is maintained by a reduced
blood flow in the choroid plexus tissue [6], and impairs
retinal pigment epithelium (RPE) function and antioxidant
enzyme (AOE) activation [7-9]. Of the above enzymes,
superoxide dismutase (SOD; E.C. 1.15.1.1), catalase
(CAT; E.C. 1.11.1.6) and glutathione reductase (GSR, E.C.
1.8.1.7) are worthy of the most attention [10]. Activation
of oxidative processes causes the formation of a branched
system protecting tissues from damage by aggressive
oxygen radicals [superoxide anion radical (O2-), hydroxyl
radical (HO-) and hydrogen peroxide Н2О2]. SOD family
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enzymes catalyze the dismutation of superoxide radicals
into oxygen and hydrogen peroxide peroxide, and CAT
catalyzes the conversion of hydrogen peroxide to water
and molecular oxygen [11-16]. GSR provides restoration
of the reduced form of glutathione [17], which significantly
decreases the risk of oxidative stress.
A combined anti-VEGF and hyperbaric oxygen (HBO)
therapy is a possible approach for improved efficacy of
treating DME in non-proliferative DR (NPDR) in the
presence of type 2 DM. It has been reported that the use
of HBO in type 2 DM reduced hypoxia in tissues, reduced
blood glucose, increased insulin secretion, increased target
cell insulin sensitivity, and normalized an imbalance of the
antioxidant system [15, 16].
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Material and Methods

This open-label study was conducted at the Department
of Ophthalmology of Dnipro State Medical University.
The study is a portion of Optimizing the Methods of
Diagnosis and Treatment of Retinal and Optic Nerve
Diseases in the Presence of Diabetes Mellitus, a research
program (Ukrainian State Registration No. 0118U001275;
with the research to be conducted from January 2018
through December, 2020) and Improving the Diagnosis
and Pathogenetically Grounded Treatment of Ocular
Degenerative, Vascular and Inflammatory Disorders,
a research program (Ukrainian State Registration No.
0121U111440; with the research to be conducted from
January 2021 through December, 2024).
Seventy-one type 2 diabetic patients with both
NPDR and DME were included in the study after
obtaining informed consent. Diabetes mellitus was
diagnosed according to the guidelines of the Association
of Endocrinologists of Ukraine, European Society of
Endocrinology [18] and other normative documents
outlined by the Ministry of Health (MOH) of Ukraine.
Diabetic retinopathy was diagnosed and patients were
treated in accordance with MOH Order No. 117 dated
March 15, 2007, On Approval of Protocols for Provision of
Eye Care. Diabetic macular edema was graded on clinical
examination according to recognized severity scales based
on Early Treatment Diabetic Retinopathy Study (ETDRS)
criteria [19].
The inclusion criteria were as follows: moderate type
2 diabetic patients with moderate glycemic control, NPDR
and DME, and no other retinal and/or optic nerve disorders.
The exclusion criteria were as follows: progression to
severe diabetes or poor glycemic control, occurrence of
uncontrolled arterial hypertension, myocardial infarction
or stroke, proliferative DR, media opacity affecting bestcorrected visual acuity measurements; refraction errors
associated with amblyopia; other retinal and/or optic
disc disorders. Mean patient age was 62.41 ± 0.74 years;
mean diabetes duration, 11.61 ± 0..573 years; mean body
mass index, 27.48 ± 0.31; mean systolic blood pressure,
135.08±1.13 mmHg, and mean diastolic blood pressure,
83.42 ± 0.77 mmHg.
Patients were divided into two groups. Patients of
the aflibercept-plus-HBO group (34 patients; 34 eyes)
and those of the aflibercept-only group (37 patients; 37
eyes) received a monthly intravitreous aflibercept (Eylea;
Bayer, Basel, Switzerland) at a dose of 2 mg (50 µL) for
3 months. In addition, the former patients received ten
45-minute sessions of hyperbaric 95-percent medical
oxygen at 1.4 atmospheres in a BLKS 301M monoplace
chamber in the period between the first and the third
injections. Biochemical and clinical characteristics were
assessed before treatment and at 3 months after initiation
of treatment.
Patients received a comprehensive eye examination
including visual acuity, refractokeratometry, intraocular
pressure, biomicroscopy, ophthalmoscopy, Humphrey

automated perimetry (Humphrey Field Analyzer II Carl
Zeiss Meditec; Humphrey 10-2 threshold visual field
testing), optical coherence tomography (OCT), and fundus
photography. In addition, clinical features of the fundus
(microaneurysms, microhemorrhages, and hard exudates)
were described in the seven standard fields of the modified
ETDRS Airlie House Classification of diabetic retinopathy.
Serum glucose levels were determined with an
enzymatic, colorimetric PZ Cormay test (Liquick CorGLUCOSE mini, PZ Cormay S.A., Poland; Cat No.
2-218).
Serum HbA1c levels were determined by ion
exchanged chromatography using the Glycohemoglobin
HbA1-Test kit (China), and the results were read on a
photometer (Stat Fax 303).
Serum insulin levels were determined by enzymelinked immunosorbent assay (ELІSA) (Insulin AccuBind
Elisa kit, Monobind Inc., Lake Forest, CA, USA; Cat No.
2425-300).
Serum activities of superoxide dismutase, catalase
and glutathione reductase were measured by sandwich
ELISA assays using an ELISA reader (Sirio-S; Italy)
and SOD, CAT and GSR ELISA kits (FineTest, China;
Cat Nos. EH0643, EH4706-1, EH3170) according to the
manufacturer’s instructions.
Mathematical statistics methods were used for data
analysis. Methods of primary statistical analysis were
employed for statistical description of the parameters
considered in the study. Mean values and standard error
of mean values were calculated. Data was assessed
for normality using the Kolmogorov-Smirnov test.
Distributions of most characteristics were not normal. The
Student t test was used when the distribution of the data was
normal, whereas the Mann-Whitney when the distribution
of the data was not normal. Median and interquartile range
values were calculated when the distribution of quantitative
variables was not normal. Spearman’s correlation was
employed to assess associations between variables. The
correlation coefficient was considered significant if P ≤
0.05.
Results

At baseline, all subjects exhibited DME (Table 1) which
was accompanied by symptoms of NPDR. At 3 months
the frequency of DME substantially decreased in both
groups, and the percentage of eyes with DME was lower
in the aflibercept-plus-HBO group than in the afliberceptonly group. In addition, there was a significant reduction
in manifestations of NPDR (number of hemorrhages and
hard exudates) compared to baseline values in both groups,
with no significant difference between the groups.
As a result of the above changes, visual acuity
substantially improved, from 0.19 [0.17; 0.21] to 0.61
[0.36; 0.74] in the aflibercept-only group, and from 0.2
[0.18; 0.22] to 0.75 [0.48; 0.79] in the aflibercept-plusHBO group, at 3 months after initiation of treatment (Fig.
1).
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Under these conditions, retinal sensitivity to light
increased, from 12.44 dB [11.78 dB; 13.07 dB] to 4.79 Db
[3.89 dB; 8.67 dB] in the former group, and from 12.39
Db [11.85 dB; 12.84 dB] to 3.74 dB [3.15 dB; 6.75 dB] in
the latter group.
Treatment with aflibercept only or with aflibercept
plus HBO resulted in a significant improvement in OCTmeasured characteristics (Table 2). Of note, at 3 months,
reductions OCT-measured retinal thicknesses and volumes
were 21% to 23% more substantial in the latter group than
in the former group.
Because the treatment effect of aflibercept-plus-HBO
therapy was most pronounced at 3 months, it was decided
to determine changes in the registered biochemical
characteristics at this time point (Table 3).
It was found that the treatment effect of afliberceptplus-HBO therapy was more substantial than that of
aflibercept-only therapy. At baseline, blood glucose and
HbA1c levels were significantly lower in the afliberceptplus-HBO group than in the aflibercept-only group. There
was no significant change in insulin level with time in both
groups.
At 3 months, the changes in the activities of antioxidant
enzymes were more substantial in the aflibercept-plusHBO group, and these improvements were statistically
significant compared to baseline and compared to controls.
Particularly, superoxide dismutase (SOD) activity, catalase
(CAT) activity, and glutathione reductase (GSR) activity
decreased by 33.9%, 22.4% and 17.7%, respectively,
compared to baseline, and 34.78%, 28.9%, and 25.3%,
respectively, compared to controls.
Discussion

Studies have demonstrated that a reduced retinal
oxygen level is important in the pathogenesis of DME
[5], is maintained by a reduced blood flow in the choroid
plexus tissue [6], and impairs RPE function and AOE
activation [7-9]. When cells become hypoxic, HIF-1α
starts to accumulate, triggering the activation of the genes
that produce VEGF [20]. VEGF increases endothelial
vascular permeability and endothelial cell proliferation.
Long-term hypoxia and hyperglycemia cause loss of
pericytes, endothelial cell destruction, and loss and atrophy
of capillaries [21].
It has been reported that the use of HBO in type 2
DM reduced hypoxia in tissues, reduced blood glucose,
increased insulin secretion, increased target cell insulin
sensitivity, and normalized an imbalance of the antioxidant
system [15, 16]. Until recently, there have been limited
reports on the use of HBO in DR. However, a study by
Maalej and colleagues [22] demonstrated an improvement
in visual acuity and a decrease in retinal thickness in
patients with both NPDR and DME treated with HBO.
We hypothesized that the treatment effect of aflibercept
for DME in NPDR may be improved by two adjunctive
courses of HBO before the first and third injections, in an
attempt to reduce glycemia, hypoxia and manifestations of
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oxidative stress, and to improve visual acuity and reduce
manifestations of DME.
Both in the aflibercept-only and aflibercept-plus-HBO
groups, visual acuity improved; NPDR manifestations
(number of microhemorrhages and hard exudates) and
retinal thickness and volume in the central and paracentral
zones reduced; with no change in insulin level, at month
3 compared to baseline. Blood glucose and HbA1c levels
in the aflibercept-plus-HBO group significantly decreased
at month 3 compared to baseline. We compared the
effects of three-month treatment in the aflibercept-plusHBO group with those of the aflibercept-only group, and
the improvements in the former group were found to be
statistically significant: visual acuity improved by 18.67%
(р < 0.05); retinal sensitivity to light increased by 21.92%
(р < 0.05); central and paracentral retinal thickness and
volume decreased approximately by 21– 23% (р < 0.05);
and the levels of antioxidant enzymes, SOD, CAT and
GSR, decreased by 34.78% (р < 0.05), 28.9% (р < 0.05),
and 25.3% (р < 0.05), respectively.
Our findings suppose that the use of aflibercept plus
HBO therapy reduces manifestations of hypoxia and
oxidative stress, leading to improvements in treatment
outcomes in patients with DME in NPDR. Therefore,
further studies are warranted to determine changes in
other clinical and biochemical characteristics for advanced
understanding of the role of HBO in the treatment of DME
in NPDR.
Conclusion

The treatment for diabetic macular edema including
monthly intravitreous aflibercept at a dose of 2 mg (50 µL)
for 3 months with adjunctive two courses of hyperbaric
oxygen (ten 45-minute sessions at 1.4 atmospheres in a
monoplace chamber) resulted in a substantial decrease
in the number of patients with DME, reduction in DME
manifestations, improvement in visual acuity, and
reduction in retinal thickness and volume in type 2 diabetic
patients with NPDR. Under these conditions, a decrease in
the activity of CAT was larger than that of GSR but smaller
than that of SOD, likely indicating an improvement in
antioxidant protection.
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Table 1. State of the fundus before and 3 months after initiation of treatment with aflibercept plus hyperbaric oxygen (HBO)
versus aflibercept only for diabetic macular edema (DME)
Type 2 diabetic patients with DME

State of the fundus
(percent of patients)
DME
Microaneurysms
Microhemorrhages
Hard
exudates

Aflibercept-only group (controls)

Aflibercept-plus-HBO group

Baseline

3 months

Baseline

3 months

-

40.5*

-

79.38*▼

100.0

59.5*

100.0

20.62*▼

-

-

-

-

Microaneurysms in 1-2 fields

26.9

26.9

28.5

28.5

Microaneurysms in 3-7 fields

73.1

73.1

71.5

71.5

No edema
Edema
No microaneurysms

No microhemorrhages

-

24.4*

-

26.4*

Microhemorrhages in 1-2 fields

28.8

52.4*

31.4

61.9*

Microhemorrhages in 3-7 fields

71.2

21.2*

68.6

11.7*

No hard exudates

6.3

28.3*

6.5

35.6*

Hard exudates in one field

26.5

50.0*

23.9

44.4*

Hard exudates in 2-7 fields

67.1

21.7*

69.6

20.0**

Note: 1-2 patients *, р < 0.05; Aflibercept-only and aflibercept-plus-HBO groups ▼; р < 0.05

Table 2. Optical coherence tomography (OCT) findings before and 3 months after initiation of treatment with aflibercept plus
hyperbaric oxygen (HBO) versus aflibercept only for diabetic macular edema (DME)
Patients with DME
Retinal thickness and volume
in the central and parafoveal zones

Aflibercept-only group (controls)
Baseline

3 months

Baseline

3 months

Central retinal thickness (µm)

557.28 ± 3.51

368.87 ± 10.99 *

559.01 ± 3.39

286.71 ± 11.76 * ▼

Parafoveal retinal thickness (µm)

469.34 ± 7.88

379.98 ± 8.56 *

461.31 ± 7.32 *

298.74 ± 7.81 * ▼

Central retinal volume (mm )

0.43 ± 0.002

0.31 ± 0.01 *

0.45 ± 0.005

0.24 ± 0.01 * ▼

2.98 ± 0.05

2.41 ± 0.06 *

2.89 ± 0.06

2.13 ± 0.04 * ▼

3

Parafoveal retinal volume (mm )
3

Aflibercept-plus-HBO group

Note: 1-2 patients *, р < 0.05; Aflibercept-only and aflibercept-plus-HBO groups ▼; р < 0.05
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Table 3. Characteristics of hyperglycemia and antioxidant enzyme activities before and 3 months after initiation of treatment
with aflibercept plus hyperbaric oxygen (HBO) versus aflibercept only for diabetic macular edema (DME)
Patients with DME
Biochemical characteristics

Aflibercept-only group

Aflibercept-plus-HBO group

Baseline

3 months

Baseline

3 months

Blood glucose (mmol/L)

7.60 ± 0.11

7.23 ± 0.09

7.59 ± 0.15

6.88 ± 0.08*

Serum glycated hemoglobin
(HbA1c) (%)

6.85 ± 0.07

6.51 ± 0.06

6.99 ± 0.12

6.52 ± 0.09*

Insulin (µU/mL)

5.54 ± 0.21

5.36 ± 0.17

5.48 ± 0.31

5.69 ± 0.62

SOD (IU)

2.28 ± 0.15

2.30 ± 0.13

2.27 ± 0.12

1.50±0.08* #

CAT (IU)

22.34±0.92

21.83±1.01

19.98±0.67

15.51±0.64* #

GSR (IU)

0.98±0.07

0.99±0.06

0.90±0.07

0.74±0.04 #

Note: 1-2 patients *, р < 0.05; Aflibercept-only and aflibercept-plus-HBO groups #, р < 0.05

Fig. 1. Visual acuity in type 2 diabetic patients with both diabetic macular edema and non-proliferative diabetic
retinopathy before and after treatment with aflibercept plus hyperbaric oxygen (HBO) versus aflibercept only
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