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Abstract
Background: Panretinal photocoagulation (PRP) remains one of the effective methods of treatment in pre- and proliferative 

forms of retinopathy with high efficiency. The aim of this study was to investigate the efficacy of PRP depending on the somatic 
status, laboratory parameters, and the severity of chronic kidney disease (CKD) in patients with type 2 diabetes (T2D) and a 
history of diabetic retinopathy (DR).

Methods and Results: The study included 76 patients (50 women and 26 men) with T2D who underwent PRP for DR (152 
eyes) using a VISULAS® 532s solid-state laser (ZEISS). The patients were divided into two groups depending on the severity 
of CKD. Group 1 (n=32, 64 eyes) included patients with CKD Stage 1, Group 2 (n=44, 88 eyes) included patients with CKD 
Stage 2. All patients underwent standard ophthalmological examination: visometry, tonometry, perimetry, biomicroscopy of the 
anterior segment of the eye and vitreous body, and fundus ophthalmoscopy. Thickness map of the retina was obtained using the 
RTVue-100 OCT (Optovue, Fremont, CA) EMM5 scan protocol and the Stratus OCT (Carl Zeiss Meditec, USA) radial scan 
protocol. Laboratory methods included a general blood test, PPG, FG, HbA1c, general urine analysis, and the assessment of blood 
levels of creatinine, ALT, and AST. 

PRP was carried out according to the standard method, gradually, in three stages; the interval between the stages of laser 
treatment was 1 month. After laser treatment, all patients, regardless of the treatment stage, were prescribed topical Broxinac® 
(Bromfenac ophthalmic solution 0.09%). The dynamics of corrected visual acuity (CVA) parameters and the retinal thickness of 
the macular region were assessed before PRP and 3 months after the complex treatment. 	

Multivariate analysis revealed a linear and nonlinear effect of lipid spectrum indicators on the formation of CL (crystalline 
lens) pathology. After treatment, a significant increase in CVA was noted in both study groups. The effectiveness of PRP coagulation 
depended on the severity of the CKD stage in T2D patients with DR.

Normalization of morphometric parameters of the macular region of the retina was noted in 93.8% of cases in Group 1 and 
in 86.4% of cases in Group 2. The decrease in the effectiveness of treatment was associated with the presence of macroangiopathy 
(coronary artery disease), concomitant diseases (chronic heart failure, hypertension and dyslipidemia), and CKD stage. 

Conclusion: Prolonged administration of the non-steroidal, anti-inflammatory drug Bromfenacum® for a month after each 
stage of PRP is effective.(International Journal of Biomedicine. 2021;11(4):441-445.) 
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Introduction
Diabetic retinopathy (DR) and diabetic nephropathy are 

typical microvascular complications of T2D caused by chronic 
hyperglycemia.(1-4) Prevalence of CKD and DR increases 
proportionally to the disease duration in T2D.(5-7)

DR associated with visual impairment has a significant 
impact on health-related quality of life.(8) To treat early diabetic 
neovascular retinopathy, Beetham et al. in 1969 applied the 
first ruby laser photocoagulation.(9) To date, the methods of 
retinal laser photocoagulation continue to be improved; the 
indications and contraindications for this type of treatment are 
being formed.(10)  PRP remains one of the effective methods 
of treatment in pre- and proliferative forms of retinopathy 
with high efficiency.(11,12) The effectiveness of PRP varies 
from 60% to 99% and depends on the degree of suppression 
of vascularization, stabilization, and improvement of visual 
functions.(13,14) Many researchers associate such a range of 
efficacy with the influence of somatic factors, significant 
fluctuations in laboratory parameters, and the presence of 
diabetic macular edema, which remains the main cause of 
vision loss in patients with DR.(10.15,16)

The aim of this study was to investigate the efficacy of 
PRP depending on the somatic status, laboratory parameters, 
and the severity of CKD in patients with T2D and a history 
of DR.

Materials and Methods
The study included 76 patients (50 women and 26 men) 

with T2D who underwent PRP for DR (152 eyes) using a 
VISULAS® 532s solid-state laser (ZEISS). 

The patients were divided into two groups depending 
on the severity of CKD. Group 1 (n=32, 64 eyes) included 
patients with CKD Stage 1, Group 2 (n=44, 88 eyes) included 
patients with CKD Stage 2. 

In this study, the DR classification proposed by Kohner 
and Porta (1992) was used. The median age of the patients was 
62[30;77] years.

The exclusion criteria were T1D, the presence of the 
inflammatory, post-traumatic, and dystrophic diseases of the 
eyeball not associated with DM, as well as hereditary and 
congenital eye pathologies, CKD Stage 3. 

All patients underwent comprehensive clinical 
examination. All patients were examined by a neurologist, 
therapist, endocrinologist, cardiologist, and podiatrist. CKD 
was diagnosed with determination of the blood creatinine level 
and further calculation of the GFR using the Cockcroft&Gault 
formula.

All patients underwent standard ophthalmological 
examination: visometry, tonometry using non-contact 
pneumotonometer (Reichert Technologies), perimetry using 
PNR-2-01, biomicroscopy of the anterior segment of the eye 
and vitreous body on an SL-140 slit lamp (Carl Zeiss Meditec 
AG, Germany), and fundus ophthalmoscopy using a non-
contact Ocular MaxField High Mag 78D Lens. 

Thickness map of the retina was obtained using the 
RTVue-100 OCT (Optovue, Fremont, CA) EMM5 scan 

protocol and the Stratus OCT (Carl Zeiss Meditec, USA) 
radial scan protocol. 

Laboratory methods included a general blood test, PPG, 
FG, HbA1c, general urine analysis, and the assessment of 
blood levels of creatinine, ALT, and AST. 

PRP was carried out according to the standard method, 
gradually, in three stages; the interval between the stages of 
laser treatment was 1 month. After laser treatment, all patients, 
regardless of the treatment stage, were prescribed topical 
Broxinac® (Bromfenac ophthalmic solution 0.09%). The 
dynamics of CVA parameters and the retinal thickness of the 
macular region were assessed before PRP and 3 months after 
the complex treatment.

The study was approved by local ethics committee, and 
written informed consent was obtained from all participants.

Statistical analysis was performed using IBM SPSS 
Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp. 
The normality of distribution of continuous variables was 
tested by one-sample Kolmogorov-Smirnov test. Continuous 
variables with normal distribution were presented as mean 
(standard error of the mean [SEM]); non-normal variables were 
reported as median (interquartile range (IQR;  25th  to  75th 
percentiles). Student’s unpaired and paired t-tests were used to 
compare two groups for data with normal distribution. Mann-
Whitney U test was used to compare means of 2 groups of 
variables not normally distributed. The Wilcoxon criterion was 
used to compare the differences between the paired samples. 
The results are graphically presented in the form of a Box and 
Whisker Plot. A value of P<0.05 was considered significant.

Results
Comparative characteristics of clinical and laboratory 

parameters (Table 1) revealed significant differences in 
the study groups by age (P=0.025), duration of the disease 
(P=0.015), and GFR (P=0.015). The groups did not differ in 
laboratory parameters of the lipid profile, FG, PPG, HbA1c, 
and liver function tests (Table 1).

After the combined treatment, there was a significant 
increase in CVA in both groups: from 0.60(0.2;1.0) to 
0.69(0.3;1.0) (P=0.000) in Group 1 and from 0.53(0.04;1.0) to 
0.63(0.04;1.0) (P=0.000) in Group 2.

The quality of vision and visual prognosis in patients 
of both groups was influenced by the CL transparency and 
the state of the macular region of the retina (Table 2). In 
Group 1, every second patient had CL pathology, and 12.5% 
of patients had pseudophakia. In Group 2, the incidence of 
the CL pathology was 77.3%, including pseudophakia in 
27.3% of patients, which had a positive effect on visual acuity 
indicators. Thus, in Group 1, patients with posterior chamber 
intraocular lenses accounted for 12.5%​​ (6.25% women, 6.25% 
men); in Group 2, this indicator was 2 times higher - 27.26% 
(11.36% women, 15.9% men).

Multivariate analysis revealed a linear and nonlinear 
effect of lipid spectrum indicators (TC and LDL) on the 
formation of CL pathology, including in patients who received 
surgical treatment (Fig.1). BMI and HDL indices on their own 
did not have a reliably significant effect on CL pathology.
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The study showed a more pronounced incidence of CL 
pathology in patients of Group 2 and revealed a significant 
effect of age (r=0.4, P=0.045), disease duration (r=0.5, 
P=0.017) and GFR (r=0.6, P=0.016).

	 Morphometric parameters of the perimacular 
and macular areas of the retina did not reveal significant 
differences between the groups before PRP. After the full 

course of treatment, a significant decrease in the retinal 
thickness was noted in the nasal (P=0.015) (Fig. 2), temporal 
(P=0.041), and inferior segments (P=0.044). There were no 
negative dynamics in CVA and morphometric parameters of 
the retina against the background of combined treatment (PRP 
and Bromfenac ophthalmic solution 0.09%) in patients with 
CKD Stages 1 and 2.

In Group 1, DME in both eyes was diagnosed in 25% 
of patients (12.5% of women, 87.5% of men) with disease 
duration of 12.75±4.9 years. In Group 2, DME was observed 
in 34.1% of patients (46.2% of women and 53.8% of men) 
with disease duration of 18.38±4.1 years.

Diabetic macroangiopathies in patients with DME 
were represented only by coronary artery disease. In Group 
1, concomitant diseases were represented by dyslipidemia 

Table 2. 
The structure of the CL pathology in the study groups

Pathological condition Group 1
(n=64)

Group 2
(n=88) P-value

Without CL pathology

           Male
           Female

32(50.0%)

16(25.0%)
16(25.0%)

20(22.7%)

8(9.1%)
12(13.6%)

0.000

CL pathology 32 (50%) 68(77.3%) 0.000

Cataract, 

           Male
           Fmale

24(37.5%)

4(6.25%)
20(31.25%)

44(50.0%)

6(6.8%)
19(43.2%)

0.126

Pseudophakia

           Male
           Female 

8 (12.5%)

4(6.25%)
4(6.25%)

24(27.3%)

14(15.9%)
10(11.4%)

0.027

Fig. 1. Multivariate analysis. Effects of lipid spectrum 
indicators on the formation of CL pathology, including in 
patients who received intraocular lens implantation surgery.

Fig. 2. Retinal thickness (µm) in the nasal segment 
after the full course of treatment in the study groups.

Table 1. 

Characteristics of clinical and laboratory parameters in 
study groups

Variable Group 1 
(n=32)

Group 2 
(n=44) P-value

Age, yrs 59.81±9.88 64.14±6.60 0.025

Gender, M/F 20/12 30/14 0.606

Disease duration, yrs 12.06±5.99 15.55±6.14 0.015

BMI, kg/m² 31.63±5.92 30.36±5.30 0.33

TC, mmol/L 5.00±1.17 4.65±1.1 0.183

LDL, mmol/L 3.09±1.04 3.0±0.94 0.685

HDL, mmol/L 1.04±0.66 1.35±0.49 0.676

АSТ, U/L 22.07±10.54 24.16±18.49 0.566

АLТ, U/L 25.54±10.54 24.52±16.85 0.772

FG, mmol/L 9.29±3.17 8.82±3.59 0.483

PPG, mmol/L 13.64±3.88 12.96±2.67 0.365

HbA1c, % 8.87±1.83 9.39±1.65 1.199

GFR, ml/min/1.73m2 98.34±3.19 73.21±0.00 0.000
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(75%), obesity (75%), arterial hypertension (62.5%), and 
chronic heart failure (37.5%). In Group 2, obesity, arterial 
hypertension, and dyslipidemia were encountered with the 
same frequency (92.3% of cases), and chronic heart failure 
in 69.2% of cases

In Group 1, during treatment, complete normalization 
of the retinal thickness was achieved in 6(75.0%) patients; 
DME remained in the temporal and superior segments in 
2(25.0%) patients. In Group 2, there was a tendency towards 
a decrease in retinal thickness in the temporal and superior 
segments, and in 9(60.0%) patients, retinal thickness in 
the nasal, inferior, and central segments was normalized. 
Analysis of the somatic status of patients with incomplete 
regression of DME revealed the presence of coronary artery 
disease, chronic heart failure and dyslipidemia, which can be 
considered as predictors for DME in DR patients against the 
background of CKD Stages 1 and 2.

Discussion
Domestic and foreign scientists have demonstrated 

the effect of the somatic status features on the development 
and severity of DR and visual prognosis.(2,4,10) In our 
study, CVA depended on the CL transparency and the 
morphometric parameters of the macular region. Our results 
show a significant effect of the CKD stage, somatic status 
(patient’s age, disease duration, body mass index), laboratory 
parameters (total cholesterol, low-density lipoprotein) on 
CL opacity in T2D patients. However, in both study groups, 
there were patients who underwent surgery to replace the 
cloudy lens with an intraocular lens, which could affect 
the CVA values. In Group 2, CL pathology occurred by 
27.3% more often than in Group 1. Thus, CKD is a trigger 
for CL opacity, which depends on the severity of kidney 
pathology. These data require further clinical research. 
Against the background of topical use of the non-steroidal, 
anti-inflammatory drug Bromfenacum® 0.09%(for a month 
after each stage of treatment), PRP was shown to be effective 
in 93.8% of patients in Group 1 and in 86.4% of patients 
in Group 2. In DME, the normalization of morphometric 
parameters of the macular region of the retina was influenced 
by the presence of macroangiopathies, concomitant diseases, 
and the CKD stage.

 Thus, macroangiopathies, concomitant diseases, and 
the CKD stage can also be attributed to biological markers 
for the DME development. It is necessary to continue 
monitoring patients with incomplete regression of DME and 
further correction of the scheme for topical and systemic 
treatment with normalization of the somatic status in order 
to restore the morphometric integrity of the retina and 
reduce the risk for the progression of retinal proliferative 
processes.

	

Conclusion
Based on the monitoring of clinical and functional 

indicators, a significant increase in CVA was noted in both 
study groups. Analysis of the medical history, somatic status, 

and laboratory parameters helps to identify biological markers 
of CL opacity.

The effectiveness of PRP coagulation depends on the 
severity of the CKD stage in T2D patients with DR.

Normalization of morphometric parameters of the 
macular region of the retina was noted in 93.8% of cases 
in Group 1 and in 86.4% of cases in Group 2. The decrease 
in the effectiveness of treatment was associated with the 
presence of macroangiopathy (coronary artery disease), 
concomitant diseases (chronic heart failure, hypertension and 
dyslipidemia), and CKD stage. 

Prolonged administration of the non-steroidal, anti-
inflammatory drug Bromfenacum® for a month after each 
stage of PRP is effective.
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