ISSN 0030-0675. Journal of Ophthalmology (Ukraine) - 2021 - Number 4 (501)

Prediction of the progression of diabetic retinopathy based
on hemodynamic data

F. A. Bakhritdinova ', G. E. Kangilbaeva ',
l. F. Nabieva 2, A. Z. Jurabekova ®

' Tashkent Medical Academy;
Tashkent (Uzbekistan)

2 Clinic of Research Institute
of Endocrinology;

Tashkent (Uzbekistan)

% Nazar Medical Eye Clinic;
Tashkent (Uzbekistan)

E-mail: doctorguzal70@gmail.com

Key words:

disease prognosis, diabetic
retinopathy, peak systolic velocity,
resistivity index, diabetic retinopathy
severity, progression risk index.

Background. Diabetic retinopathy (DR) is a vascular complication of diabetes, leading
to vision loss and blindness in people of any age. This highlights the need for monitoring
and predicting the course of DR to start early timely treatment and to prevent progression
to the proliferative stages of the disease.

Purpose. To study the features of ocular hemodynamics and develop the progression risk
index for DR.

Material and Methods. One hundred and sixty-five patients with non-proliferative
diabetic retinopathy (NPDR) were randomly allocated to receive traditional treatment
(control group), daily tablets of Tanakan (TT group), or daily endonasal electrophoresis
of Tanakan (TE group) within ten days. The stages of DR were determined using the
severity scale of the Early Treatment Diabetic Retinopathy Study (ETDRS). The main
outcome measures were changes in DR severity (DRS), Doppler ultrasound imaging at
months 1, 3, and 6.

Results. Moderate negative correlations were found between peak systolic velocity (PSV)
of the central retinal artery (CRA) and DRS, end-diastolic velocity (EDV) of CRA and
DRS, PSV of central retinal vein (CRV) and DRS, PSV of the short posterior ciliary artery
(SPCA) and DRS. Developed diabetic retinopathy progression risk index (DRPRI) was
less than 1,0 in the TE group that enabled us to predict DR stability or improvement.
Conclusions. This validation study demonstrated that PSV and DRS are correlated, and
PSV can be used to diagnose the stages of DR. Developed DRPRI can be used to assess
the effectiveness of treatment and to predict DR, which is essential for determining further
patient management tactics.

Introduction.

The growing trend in the number of patients with dia-
betes mellitus (DM), reached 463 million people world-
wide in 2019 [1], making DM an essential public health
issue, with considerable socioeconomic and quality-of-life
consequences. Diabetic retinopathy (DR) is a vascular
complication of diabetes, leading to vision loss and blind-
ness in people of any age. The pathophysiology of DR are
diverse and not fully understood. However, most authors
identify a wide range of metabolic disorders caused by hy-
perglycemia, vascular endothelial disorders, pericyte defi-
ciency, and vascular hyperpermeability [2, 3].

In diabetes mellitus, changes in the blood rheological
properties lead to capillary occlusion and impaired ves-
sel integrity [4, 5]. Retinal non-perfusion areas induce
the overproduction of mitochondrial superoxide and pro-
angiogenic factors [6]. Aznabaev et al.[7,8] showed that
the blood flow velocity in the retinal and orbital arteries
increases in patients with mild non-proliferative diabetic
retinopathy (NPDR). Hyperglycemia probably increases
blood flow, which is a compensating mechanism to pro-
vide blood supply and maintain high levels of metabolism
in the eye tissue. In other studies, the authors found that

the blood flow velocity in the ocular vessels was already
decreased at the mild stage of NPDR [9, 10]. Various stud-
ies of ocular blood flow in DR are contradictory. It is,
therefore, necessary to continue the investigation of ocular
hemodynamics and its correlation with the retinopathy se-
verity.

Currently, panretinal photocoagulation (PRP) and anti-
vascular endothelial growth factor (VEGF) therapy are the
most effective way to prevent blindness in the severe non-
proliferative and proliferative stages of DR [11, 12, 13,
14]. PRP is used to ablate ischemic neurons and glial cells
in non-perfusion areas, thereby reducing the production of
pro-angiogenic factors. PRP also obliterates new vessels
with increased permeability, avoiding retinal and vitreous
hemorrhages, and creates chorioretinal adhesions that pre-
vent tractional retinal detachment [15, 16, 17]. However,
despite the PRP, proliferative retinopathy may be compli-
cated by vitreous hemorrhage or tractional retinal detach-
ment. Then vitreoretinal surgery is performed as the only
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possible and necessary interventions to prevent irrevers-
ible loss of vision. This highlights the need for monitoring
and predicting the course of DR to start early timely treat-
ment and to prevent progression to the proliferative stages
of the disease. The objective of this post hoc analyses was
to explore the features of ocular hemodynamics, determine
the criteria for diabetic retinopathy progression, and de-
velop the progression risk index for diabetic retinopathy.

Material and Methods

The study included 165 patients (305 eyes) with both
types of DM who had non-proliferative diabetic retinopa-
thy (NPDR). Age ranged from 18 to 79 years; women were
94, men 71. The exclusion criteria were eye diseases such
as glaucoma, inflammatory eye diseases, pigmented and
other retinal dystrophies, retinal detachments, eye injury
or intraocular surgery with the prior six months, as well
as severe somatic diseases such as kidney or liver failure,
glucose-galactose malabsorption (GGM), hypertensive
crisis. All patients signed informed consent for treatment
and examination.

Patients with NPDR were randomly allocated to receive
traditional treatment (hypoglycemic treatment, nootropil,
statins, fenofibrats, angioprotectors) as the control group,
in addition to the traditional treatment daily tablets of EGb
761 (Tanakan, Beaufour Ipsen Industrie, Paris, France) 120
mg as the TT group, or daily endonasal electrophoresis of
Tanakan 40 mg (permission of the National Ethics Com-
mittee of the Ministry of Health of the Republic of Uzbeki-
stan No. 11 0f2.11.2010) as the TE group, within ten days.

All of the patients underwent baseline ophthalmologic
examinations, including visual acuity measurement using
a Snellen chart, retinal photosensitivity, intraocular pres-
sure measurement, anterior segment slit-lamp, and fundus
examinations using 60, 90D (Volk) lenses, Goldman three-
mirror lens, and Mainster Standart fundus lens. Besides, we
studied the antioxidant activity of tears, Doppler ultrasound
imaging of the eye using an ultrasound system for general
clinical HD 11XE (Philips), and HI VISION Preirus (Hita-
chi). Patients were also examined at day 10 and at months
1, 3, 6. The most informative and statistically significant
criteria for the diabetic retinopathy progression were the
findings of fundus examinations and Doppler ultrasound
imaging. Therefore, in this article, we present the results of
these research methods. The stages of DR were determined
using the severity scale of the Early Treatment Diabetic
Retinopathy Study (ETDRS), the "gold" standard for a de-
tailed assessment of the fundus condition in scientific stud-
ies worldwide. All statistical analyses were performed us-
ing the Statistical Package for the Social Sciences (SPSS)
software version 23. P values < 0.05 were considered sta-
tistically significant.

Results

Patients included in the study had varying levels of
NPDR severity: mild Ia (ESDRS, 14-40 weighted kappa),
moderate Ib (ESDRS, 41-60), and severe Ic (ESDRS, 61-
80). The number and size of hard exudates, cotton wool

spots, retinal hemorrhages, microaneurysms, venous
anomalies, and macular edema were evaluated.

Atbaseline, NPDR severity levels were balanced across
the treatment groups (Fig.1).

Increased blood flow in the initial Ia stage of NPDR and
a progressive decrease in the second Ib and third Ic stage
of NPDR in the peak systolic velocity (PSV) of the central
retinal artery (CRA), was detected at baseline. A progres-
sive decrease in blood flow by steps was also detected in
the short posterior ciliary artery (SPCA). The peak systolic
velocity in the central retinal vein (CRV) changed from 6.5
cm/s in the Ia stage to 3.5 cm/s in the Ic stage, which indi-
cates dilatation of the vein, increasing as retinopathy pro-
gresses [18] (Fig.2).

In the correlation analysis (Table 1), a moderate nega-
tive correlation was found in all groups between PSV of
CRA and diabetic retinopathy severity (DRS) (r = -0.68;-
0.70;-0.45), end-diastolic velocity (EDV) of CRA and DRS
(r =-0.64; -0.63;-0.50), PSV of CRV and DRS (r =-0.43;-
0.46;-0.34), PSV of SPCA and DRS (r =-0.42;-0.37;-0.45).
A moderate positive correlation was found between the
resistivity and pulsatility indices (RI, PI) of the SPCA and
DRS (r = 0.32-0.36). Therefore, such hemodynamic pa-
rameters as PSV and EDV of CRA, PSV of CRV, PSV, RI
and PI of SPCA can be criteria for the diagnosis of NPDR
stages.

Mean DRS changed from 43.5 to 33 by 24.1% in the
TE group, from 41.5 to 34.5 by 16.9% in the TT group, and
from 42.5 to 39 by 8.2% in the control group from baseline
to day 10 (Fig.3). Moreover, in the control group, we found
an increase in SDR by 23.6% at month 6, which indicates
the progression of the disease [5].

For Doppler ultrasound imaging, we have found that
PSV of CRA increase was not statistically significant
(P>0.05) from 9.84+1.11 cm/s at baseline to 10.49+1.24
cm/s by 6.6 % in the control group at day 10 (Table 2).
However, patients of this group experienced PSV wors-
ening subsequently. At month 3, hemodynamic param-
eters of these patients almost returned to the baseline
level and worsened by 5.6% from baseline at month 6.
In the TT group, the mean PSV of the CRA not signifi-
cantly increased from baseline 9.96+1.37 to 13.03+1.49
(30.8%) after treatment, and this improvement contin-
ued until three months, have reached a significant level
(13.96£1.16) from baseline (P<0.05). Likewise, the mean
PSV in SPCA also not statistically increased after treat-
ment and remained so throughout the observation period.
The complex therapy in the TE group was the most effec-
tive. The PSV in the CRA significantly increased (P<0.05)
after treatment by 42.3% from baseline, and maintaining
significantly high values throughout the observation pe-
riod. Likewise, RI significantly (P<0.05) decreased after
therapy and retained a significant difference from baseline
over the observation period (Table 2), which indicates a
persistent decrease in peripheral resistance in the pool
of the located artery. The same significant improvement
in blood velocity after treatment in the TE group was re-
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corded in CRV and SPCA. Likewise, the RI of SPCA sig-
nificantly decreased, which indicated an improvement in
blood rheology and vascular dilatation.

As described previously, the moderate negative cor-
relation between the blood flow velocities and the DRS
(Table 1) is a reason for using CRA, CRV, and SPCA flow
velocities to diagnose the stages of DR. Given this correla-
tion, we developed and calculated a diabetic retinopathy
progression risk index (DRPRI) as the ratio of blood flow
velocity before and after treatment: DRPRI = PSV base-
line / PSV after 10 days and for the resistive index DRPRI
= RI after 10 days / RI baseline (Table 3). Calculated DR-
PRI below one predicts improvement or stability of dia-
betic retinopathy. Conversely, the index above 1.0 predicts
worsening and progression of diabetic retinopathy.

Table 3 demonstrates that the DRPRI calculated using
PSV and RI in CRA, CRV, SPCA, and ophthalmic artery
(OA) were less than 1.0 in the TE group. This DRPRI en-
abled us to predict DR stability or improvement. The DR-
PRI calculated using PSV in CRA and CRV in TT group
were slightly more than the DRPRI in TE group, but below
1.0, which gives reason to predict a stable DR. The DRPRI
calculated using PSV in the OA was 1.1, and calculated
using PSV and RI in SPCA was 1.0, which were the reason
for predicting minimal DR progression in TT group. Some
control group patients had progression to the proliferative
stage of DR at month 6. This progression corresponds to
the DRPRI greater than one in control group patients.

Patients were observed for six months to validate the
developed DRPRI. The difference in the diabetic retinop-
athy severity after 6 months of observation and baseline
was calculated: ADRS = DRS6month - DRS baseline. The
correlation between the ADRS and the DRPRI was then
studied (Table 4).

In all three groups of patients, significant positive cor-
relations were found between the PSV DRPRI and ADRS.
This indicated that the larger the calculated PSV DRPRI,
the greater the DRS will be in six months, and thus the
more signs of DR progression in the long term follow-up.
Peak systolic velocities in the CRA, CRV, and SPCA were
found to be the most reliable for the diabetic retinopathy
progression prognosis with correlation coefficients of
0.41-0.71 (Table 4).

Discussion

These data analyses from Doppler ultrasound imaging
demonstrate an increase in eye blood flow rate at the initial
Ia stage of DR. Decreased blood flow rate was detected
at Ib and Ic stages (Fig.2). Similar data were obtained
by Aznabaev et al. in studies of eye hemodynamics and
neuroprotection of non-proliferative diabetic retinopathy
[7]. The first signs of DR (microaneurysms, vein dilation)
appear in increased blood flow at the initial stage of DR.
Blood rheology is then disturbed during prolonged hyper-
glycemia, adhesion and infiltration of leukocytes damage
vascular endothelial cells. Capillary occlusion and sub-
sequently non-perfused ischemic areas appear [2,3,4,17].

The present study demonstrated that endonasal tanakan
electrophoresis therapy improves hemoreology, ocular
blood flow rate, and DRS. This proves the need for early
treatment of DR to achieve the most effectively reduce
the risk of progression to the proliferative stage. Several
studies have demonstrated the pharmacological effects of
tablets of EGb 761 in DR therapy [4,5,6]. Our research
showed that Tanakan endonasal electrophoresis treatment
was the most effective therapy for improving DRS, main-
taining the effect for six months, and reducing the frequen-
cy of treatment. Patient monitoring for 6 months confirmed
the validity of the developed DRPRI. Several studies have
developed and evaluated a prognostic prediction model/
tool, using multiple prognostic factors to predict the risk of
progression of diabetic retinopathy and a first occurrence
of macro- and microvascular complications [19.20,21].
Unlike the previous study, we have developed a progres-
sion risk index of diabetic retinopathy using blood flow
velocity. We confirmed the validity of DRPRI by observ-
ing patients for 6 months.

Conclusions

This validation study demonstrated that PSV and DRS
are correlated, and PSV can be used to diagnose the stages
of DR. Developed DRPRI below 1.0 indicates diabetic ret-
inopathy stabilization, and the index above 1.0 indicates
retinopathy progression. The index can therefore be used
to assess the effectiveness of treatment and to predict DR,
which is essential for determining further patient manage-
ment tactics.
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Table 1. Pearson’s correlation coefficients between hemodynamic parameters and diabetic retinopathy severity in study

groups
Control group TT group TE group

PSV -0,68 -0,70 -0,45
CRA EDV -0,64 -0,63 -0,50
RI 0,29 -0,06 -0,21
Pl 0,28 -0,02 -0,19
CRV PSV -0,43 -0,46 -0,34
PSV -0,42 -0,37 -0,45
SPCA EDV -0,09 0,34 -0,33
RI 0,36 0.33 0,34
Pl 0,36 0,32 0,35
PSV 0,44 0,27 0,05
EDV 0,49 0,18 -0,10

Ophthalmic artery (OA)
RI -0,09 0,24 0,29
Pl -0,12 0,23 0,20

Notes: PSV: peak systolic velocity, EDV: end-diastolic velocity, Pl: pulsatility index, RI: resistivity index, CRA: central retinal
artery, CRV: central retinal vena, SPCA: short posterior ciliary artery, OA: ophthalmic artery, TT: Tanakan tablets, TE: Tanakan
electrophoresis.
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Table 2. Hemodynamic parameters of patients with non-proliferative diabetic retinopathy in groups at different observation
times, (Mean = SD)

CRA CRV SPCA OA

groups | PSV, cm/s RI PSV, cm/s PSV, cm/s RI PSV, cm/s RI
control 9,84+ 5,33 0,70+ 0,05 5,34+ 2,01 11,92+ 4,99 0,67+ 0,05 33,65£13,55 0,77+ 0,09
Baseline TT 9,96+ 6,73 0,72+ 0,06 5,18+ 2,07 10,22+ 2,40 0,69+ 0,05 | 37,40+ 15,86 0,70+ 0,11
TE 9,88+ 4,69 0,74+ 0,05 5,15+ 2,06 10,18+ 5,21 0,70+ 0,05 | 39,35+ 15,26 0,76+ 0,11
control | 10,49+ 5,92 | 0,72+ 0,06 4,94+ 1,94 10,88+ 4,93 0,66+ 0,04 25,50+ 11,65 0,76+ 0,07
fr\;t:trment TT 13,03+7,29 | 0,68+0,10 5,90+ 1,92 10,74+ 2,31 0,70+ 0,08 37,26+ 8,55 0,74+ 0,08
TE 14,06+ 5,46* | 0,70+ 0,05* | 7,21+2,73* | 13,56+ 4,10* | 0,67+ 0,06* | 43,11+ 12,45 0,80+ 0,06
control 9,65+ 4,93 0,71+ 0,05 4,83+ 1,48 9,62+ 3,34 0,66+ 0,04 |25,66+12,41*| 0,75+0,07
Month 3 TT 13,96+ 5,70* | 0,72+ 0,04 5,66+ 1,75 10,62+ 2,63 0,69+ 0,05 | 37,50+ 15,15 0,70+ 0,10
TE 14,45+ 5,50* | 0,70+ 0,06* | 5,86+ 1,25 9,50+ 2,78 0,70+ 0,05 | 39,04x 14,86 0,76+ 0,11
control 9,29+ 3,34 0,71+ 0,04 5,31+ 1,91 10,11+ 2,69 0,69+ 0,06 32,07+ 12,11 0,78+ 0,09
Month 6 TT 13,20+ 4,57 | 0,70+ 0,05 5,29+ 1,99 10,32+ 2,40 0,69+ 0,05 35,42+ 12,21 0,73+ 0,06
TE 13,57+ 3,66* | 0,72+ 0,04 6,05+ 1,42 11,34+ 2,70 0,71+ 0,05 40,43+ 12,76 0,77+ 0,06

Notes: PSV: peak systolic velocity, RI: resistivity index, CRA: central retinal artery, CRV: central retinal vena, SPCA: short
posterior ciliary artery, OA: ophthalmic artery, TT: Tanakan tablets, TE: Tanakan electrophoresis, SD: Standard deviation. *P<
0,05 from baseline.

Table 3. Diabetic Retinopathy Progression Risk Index (DRPRI) in the groups, (Mean + SD)

Groups DRPRI by CRA DRPRI by DRPRI by CRV DRPRI by DRPRI by DRPRI by OA
PSV CRARI PSV SPCA PSV SPCA RI PSV
Control 1,12+0,36 0,99+0,10 1,17+0,22 1,13+0,12 1,00+0,08 1,44+0,65
T 0,82+0,29 1,08+0,21 0,92+0,29 0,9940,24 1,00£0,17 1,20+0,74
TE 0,75+0,27 1,07+0,09 0,77+0,35 0,79+0,35 1,06+0,15 0,92 0,32

Notes: PSV: peak systolic velocity, RI: resistivity index, CRA: central retinal artery, CRV: central retinal vena, SPCA: short
posterior ciliary artery, OA: ophthalmic artery, TT: Tanakan tablets, TE: Tanakan electrophoresis, SD: Standard deviation.

Table 4. Correlation between Diabetic Retinopathy Progression Risk Indices (DRPRI) and the Differences in the Diabetic
Retinopathy Severity (ADRS)

ADRS ADRS ADRS
control group TT group TE group

CRAPSV DRPRI 0,71% 0,53 1 0,68 *
CRARIDRPRI 0,62 % 0,39 * 0,37
CRV PSV DRPRI 043~ 0,54 1 0,69 *
SPCA PSV DRPRI 042~ 0,41* 0,57 1
SPCARI DRPRI 0,24 0,19 -0,13
OAPSV DRPRI 0,36 0,24 0,48 1

Notes: PSV: peak systolic velocity, RI: resistivity index, CRA: central retinal artery, CRV: central retinal vena, SPCA: short
posterior ciliary artery, OA: ophthalmic artery, TT: Tanakan tablets, TE: Tanakan electrophoresis. *P <0.05; 1P<0.01; ¥P<0.001
- significance of the correlation coefficient.
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Figure 1. Distribution of patients into treatment groups by retinopathy stage. NPDR severity stages were bal-
anced across the treatment groups at baseline. Number above bars reflect percentage of patients. Number
below the graph reflect number/total number of patients. TT: Tanakan tablets, TE: Tanakan electrophoresis,
NPDR: non-proliferative diabetic retinopathy.

Figure 2. Mean peak systolic velocity (PSV) in ocular vessels by stages. A progressive decrease in blood flow
velocity was detected in moderate Ib and severe Ic stages of NPDR. CRA: central retinal artery, CRV: central
retinal vena, SPCA: short posterior ciliary artery, NPDR: non-proliferative diabetic retinopathy.

Figure 3. Dynamics of diabetic retinopathy severity. DRS reduction after treatment in the TE group was statisti-
cally significant compared with the baseline value (P<0.01) and maintained over the 6 months. Whereas, in the
control group, the decrease in the DR severity after therapy was not statistically significant (P>0.05). Moreover,
DR worsening (DRS increase from baseline) in the control group was observed at month 6.
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