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SUMMARY

Aims: To study the relationship between the severity of COVID-induced metabolic changes and the structure and frequency of retinal chan-
ges, according to funduscopy data in patients with different clinical courses of COVID-19.

Materials and methods: 117 patients with COVID-19 were examined. While examining patients, severity of the course of COVID-19, the ex-
pressiveness of changes in the metabolic status were determined; fundus image registration was performed with portable fundus cameras
Pictor Plus Fundus Camera and VistaView (Volk Optical).

Results: As a result of the research, retinal changes were found in 49 (41.9 %) patients with COVID-19. In 8 (16.3 %) cases, clinically signifi-
cant (vitreous hemorrhage, prethrombosis of the central retinal vein or branches of the central retinal vein, thrombosis of the central retinal
vein or branches of the central retinal vein) COVID-induced retinal and ophthalmological changes were observed, which caused a decrease
in visual acuity. In 41 (83.7 %) cases, clinically insignificant changes (cotton wool spots, narrowed retinal vessels, intraretinal and petechial
hemorrhages, tortuosity and dilatation of retinal venules) COVID-induced retinal changes were observed. Clinically significant retinal chan-
ges occur in patients with a statistically significantly higher level of D-dimer and a greater percentage of lung parenchyma lesion than in the
group of patients with clinically insignificant retinal changes (p < 0.05).

Conclusions: The structure of retinal changes in patients with COVID-19 correlates with the severity of the clinical course of the disease and
changes in the metabolic status of patients. Metabolic changes are correlated with retinal changes and can be predictive for preventing
general vascular complications in COVID-19.
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INTRODUCTION

The course of COVID-19 is also accompanied by oph-
thalmological manifestations. Among retinal changes,
the most frequently diagnosed are cotton wool spots
[1-9], intraretinal and petechial hemorrhages along the
course of retinal vessels [1,3-9], tortuosity and dilatation
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of retinal venules [1,2,6], central retinal vein thrombosis
[2,9,10], central retinal artery occlusion [3,10,11], acute
macular neuroretinopathy [2,9,10], COVID-19-induced
maculopathy [2]. However, there are studies in which no
retinal changes were detected during COVID-19 [12].

In turn, in a limited number of works, clinical paral-
lels are made between metabolic changes in patients’
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organisms and the presence and/or expressiveness of
retinal changes. A number of authors [13,14] note that
ophthalmic manifestations of COVID-19 occur with ele-
vated levels of fibrinogen, C-reactive protein, ferritin, and
D-dimer [15], laboratory-diagnosed anemia in patients
with severe COVID-19 [16], increased levels of C-reac-
tive protein, number of platelets, ferritin and aspartate
transaminase [17], increased levels of ferritin, D-dimer,
procalcitonin, interleukin-6, C-reactive protein, fibrino-
gen [13,18], increased levels of fibrinogen, D-dimer, pro-
thrombin time [13,19-22]. On the other hand, there are
data on COVID-19-associated ophthalmological manifes-
tations [20,23-25] which were not accompanied by any
metabolic changes.

The limited and inconsistent data on the correlatio-
nal relationship between retinal changes and metabolic
changes do not allow a full understanding of the mecha-
nisms of retinal changes in COVID-19, making it difficult
to determine their relationship with the different clinical
courses of this infectious disease, and complicating the
choice of tactics for the correction of retinal changes in
COVID-19. Such data would make it possible to diagnose
the degree of severity of the main infectious disease, as
well as to timely correct ophthalmological manifestations
or make corrections in the treatment of diseases that re-
quire long-term therapy and were diagnosed before the
disease of COVID-19 [26-29].

The purpose of our work is to study the relationship
between the severity of COVID-induced metabolic chan-

Table 1. Clinical characteristics of groups of patients

ges and the structure and frequency of retinal changes,
according to funduscopy data in patients with different
clinical courses of COVID-19.

MATERIALS AND METHODS

The research was conducted on the basis of the Infec-
tious Disease Department and the Regional Ophthalmol-
ogy Center of the ME “Volyn Regional Clinical Hospital
of the Volyn Regional Council” from October 2020 to
December 2021. The study is prospective, uncontrolled
and cross-sectional. 117 patients (234 eyes) aged 42 to
82 years (positive PCR test for COVID-19) were under ob-
servation. All clinical observations were carried out with
the informed consent of the patients — Ethics Committee
Protocol N2 4 of November 13, 2023.

All patients were divided into two groups: 1) with-
out retinal changes in COVID-19 (68 patients, 136 eyes);
2) with the presence of retinal changes (49 patients, 98
eyes) (subgroup 1 (8 patients, 16 eyes) — significant reti-
nal changes, subgroup 2 (41 patients, 82 eyes) - insignif-
icant) (Table 1).

According to the severity of the clinical course of
COVID-19, patients corresponded to four groups (Table 1)
in accordance with the recommendations of the Mi-
nistry of Health of Ukraine [30,31]. Group 1 (34 patients)
included patients with an extremely severe course
of COVID-19, with signs of severe pneumonia, acute

Clinical characteristics of groups of patients

Without retinal

changes
(n=68)
Age (years) 61.1+£10.2
Female (n, %) 43 (63.2)
Male (n, %) 25 (36.8)
Lung parenchyma damage (%) 41 (35-54.5)}
Blood saturation level (%) 94 (89.5-96)
Oxygen flow rate (I/min) to maintain 10 (6-15)
blood saturation at a normal level
Systolic blood pressure (mmHg) 21 (30.9)
Diastolic blood pressure (mmHg) 6 (8.8)
1 10 (14.7)%3
16 (23.5)
Clinical course, group (n, %)
3 26 (38.2)
4 16 (23.5)

.Wi.th clinical!y ) \_Nit!\ clinically The level of
ﬂgm!':::rr‘\;:tmal |n5|gnc|:;::|;te:etmal significance of the
(n=8) (n=41) difference, p
69.9+11.9 61.8 £9.1 0.067
4 (50) 19 (46.3) 0.211
4 (50) 22 (53.7)
68 (55.5-72) 51 (24.8-68)" 0.039
90.5 (82-97.5) 94 (86-94) 0.385
12.5(7-16) 10 (0-16) 0.830
1(12.5) 14 (34.1) 0.479
2 (25.0) 7(17.1) 0.260
6 (75.0)" 18 (43.9)’
1(12.5) 9(22.0) T
1(12.5) 3(7.3)
= 11 (26.8)

Note: at an oxygen flow rate to maintain blood saturation at a normal level of 0-5 I/min, oxygen was supplied through nasal cannulas, 5-10 I/min — through
a mask without a respiratory bag, 10-20 I/min - through a mask with a respiratory bag, more than 20 I/min - both invasive and non-invasive ventilation.

Mean £SD or median and interquartile range (QI - Qll) are given. Analysis of variance or non-parametric Kruskal-Wallis test was used to compare groups, and
post hoc comparison was performed using Dunn's test. For qualitative characteristics, the chi-square test was used, the posterior comparison was carried out

taking into account the Bonferroni correction:

1 - the difference from the retinal changes group is not statistically significant, p < 0.05;
2 - the difference from the significant retinal changes group is statistically significant, p < 0.05;
3 - the difference from the Insignificant retinal changes group is statistically significant, p < 0.05
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respiratory distress syndrome, treatment with artifi-
cial lung ventilation. Group 2 (26 patients) included
patients with a severe course of COVID-19, with signs
of severe pneumonia, plus one of the following: respi-
ratory rate > 30 breaths/min; severe respiratory dis-
tress; or SpO2 < 90%, no artificial ventilation was used.
Group 3 (30 patients) — patients with moderate severity
of COVID-19, without signs of severe pneumonia, SpO2
>90 %, with decompensated concomitant pathology.
Group 4 (27 patients) included patients with moderate
severity of COVID-19 without signs of severe pneumonia,
Sp0O2 = 90%, with concomitant pathology in a state of
compensation. Vital signs and blood oxygen saturation
levels were monitored in patients from the moment of
admission to the hospital until the moment of their dis-
charge or death.

In patients with COVID-19, concomitant pathology
was detected: hypertension (HD) of various degrees - 36
(9.8 %), diabetes mellitus (DM) type 1 or 2 - 15 (4.1 %).

Laboratory studies were performed at the laboratory of
the Volyn Regional Clinical Hospital at the time of hospi-
talization of the patients.

Fundus image registration was carried out with por-
table fundus cameras Pictor Plus Fundus Camera, Volk
Optical and VistaView, Volk Optical. The following retinal
changes were diagnosed: cotton wool spots, narrowed
retinal vessels, vitreous hemorrhage, intraretinal and pe-
techial hemorrhages, prethrombosis of the central retinal
vein or branches of the central retinal vein, thrombosis
of the central retinal vein or branches of the central reti-
nal vein, tortuosity and dilatation of the retinal venules.
Clinically significant retinal and ophthalmological chan-
ges included changes accompanied by a decrease in vi-
sual acuity: vitreous hemorrhage, prethrombosis of the
central retinal vein or branch of the central retinal vein,
thrombosis of the central retinal vein or branch of the
central retinal vein. Clinically insignificant (asympto-
matic) changes included changes that were not accom-
panied by a decrease in visual acuity: cotton wool spots,
narrowed retinal vessels, intraretinal and petechial he-
morrhages, tortuosity and dilatation of retinal venules.

While examining patients, the content of leukocytes,
lymphocytes, erythrocytes, and platelets in the blood,
fasting glucose level, hemoglobin level, C-reactive pro-

tein level, International Normalized Ratio (INR), procalci-
tonin level, D-dimer level were determined. Diastolic and
systolic blood pressure, blood saturation level, lung pa-
renchyma lesion area were also determined.

After conducting all the laboratory and instrumen-
tal studies, the relationship between the expressive-
ness of metabolic changes, the severity of the course of
COVID-19 and the presence and structure of retinal and
ophthalmological changes in patients were evaluated.

When conducting the analysis for quantitative indica-
tors, their distribution was checked for normality (Sha-
piro-Wilk test). In the case of a normal distribution, the
mean (X) and standard deviation (£SD) were calculated,
and for a non-normal distribution, the median (Me) and
interquartile range (Ql - Qlll) were calculated. For quali-
tative indicators, the frequency (%) and, if necessary,
the 95% probability interval (95% Cl) were calculated.
The Mann-Whitney test was used to compare the mean
values in the two groups for quantitative indicators. To
compare mean values in more than two groups for quan-
titative indicators in the case of a normal distribution law,
the criterion of variance analysis was used, and in the
case of a non-normal distribution law, the Kruskal-Wallis
test was used. The chi-square test was used to compare
qualitative indicators, and the Bonferroni correction was
used when comparing more than two groups.

Methods of constructing and analyzing logistic regres-
sion models were used to quantitatively assess the re-
lationship between factor characteristics and the risk of
clinically significant retinal changes. The influence of fac-
tor characteristics was assessed by the value of the odds
ratio (OR), for which 95% ClI was calculated. Adequacy
of the models was assessed by the area under the ROC
curve of the model and its 95% Cl.

Calculations were performed for a two-sided critical
region, the critical level of significance was taken equal
to 0.05.

RESULTS

As a result of the conducted studies, in 8 (17.0 %) cases,
clinically significant COVID-induced retinal and ophthal-
mological changes, which caused a decrease in visual

Figure 1. (A) Vitreous hemorrhage, (B) Prethrombosis of the central retinal vein or branch of the central retinal vein, (C) Thrombosis of the central retinal
vein or branch of the central retinal vein
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acuity, were observed. Funduscopy revealed: vitreous
hemorrhage (Figure 1A), prethrombosis of the central
retinal vein or branch of the central retinal vein (Figure
1B), thrombosis of the central retinal vein or branch of
the central retinal vein (Figure 1C).

Clinically insignificant changes were detected in 39
cases (83.0%), namely: cotton wool spots (Figure 2A),
narrowed retinal vessels (Figure 2B), intraretinal and pe-

techial hemorrhages (Figure 2C), tortuosity and dilata-
tion of retinal venules (Figure 2D).

Further, the peculiarities of metabolic changes in pa-
tients with the presence and absence of retinal changes,
and in the presence of significant and insignificant reti-
nal changes were investigated. It was found that in pa-
tients with retinal changes, the content of lymphocytes
was statistically significantly lower by 30.8 %, the level of

Figure 2. (A) Cotton wool spots, (B) Narrowed retinal vessels, (C) Intraretinal and petechial hemorr-
hages, (D) Tortuosity and dilatation of retinal venules

Table 2. Distribution of the presence of retinal changes in patients with COVID-19, depending on metabolic changes

With retinal changes

The level of significance of the

difference between groups, p

w | wm

Age, years 62 (53.5-69)
Leukocytes level, amount *109I 6.85 (5.1-12.5)
Lymphocytes level, % 1.3 (0.9-1.6)

Erythrocyte level, amount *10'%I 4.615 (4.4-4.895)
135.5 (127.5-147.5)
2 (146-243.5)
33.845 (15.44-89.5)
1.14 (1.07-1.3)
0.225 (0.09-0.665)
0.5 (0.285-1.115)

8.04 (6.335-9.725)

Hemoglobin level, g/I

Platelet level, amount *10'Y/I
C-reactive protein level, mg/ml
INR, Un

Procalcitonin level, ng/ml
D-dimer level, ug/ml

Fasting blood glucose level, mmol/ml

Damage to the lung parenchyma, % 41 (36-54.5)
Blood saturation level, % 94 (89.5-96)
Systolic blood pressure, mmHg 130 (127.5-140)
Diastolic blood pressure, mmHg 80 (80—90)

Notes: comparisons were made using the Mann-Whitney test
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63 (58.75-69.25) 0.416
7.2 (5.675-10.95) 0.611
0.9 (0.6-1.3) 0.003
4.6 (4.2-5.16) 0.726
142 (128.75-150.5) 0.182
198 (148.25-251) 0.643
57.16 (16.22-109.74) 0.586
1.2 (1-1.35) 0.98
0.17 (0.0275-0.605) 0.225
0.87 (0.298-2.175) 0.145
6.62 (5.373-10.095) 0.047
62 (42.25-68.75) 0.004
94 (86-94.25) 0.167
130 (123.75-140) 0.729
80 (80-90) 0.457
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glucose in the blood was lower by 17.6%, and the area
of lesions of the lung parenchyma was larger by 51.2%
according to computer tomography data. Differences in
other studied indicators, including D-dimer, were not sta-
tistically significant (Table 2, Graphs 1-3).

Regarding clinically significant and clinically insignifi-
cant retinal changes: clinically significant retinal chang-
es occur in patients with a statistically significantly high-
er level of D-dimer and a greater percentage of lung
parenchymal lesions, than in the group of patients with
clinically insignificant retinal changes (Table 3, Graphs
4-5).

It should be noted that the observation groups of pa-
tients without retinal changes, with significant and insig-
nificant retinal changes did not statistically significantly
differ from each other in the presence of concomitant pa-
thology, namely hypertension (0.479), diabetes mellitus

W Lung damage, %, patients without retinal charges

B Lung damape, %, patients with retinal changes

Lung damage,

Graph 1. The percentage of lung parenchyma damage in the group of
patients without retinal changes and with retinal changes. Median va-
lue, first and third quartile values, minimum and maximum values are
indicated

W L=vel of Iymphooytes, %, patients without retinal changes

B Level of lymphocytes, %, patients with retinal changes
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Graph 3. The level of lymphocytes in the blood of patients in the group
of patients without retinal changes and in the presence of retinal chan-
ges. Median value, first and third quartile values, minimum and maxi-
mum values are indicated
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type 1 and 2 (0.260). It was also established that patients
with an extremely severe course of COVID-19 (Group 1)
had more significant and non-significant retinal changes
compared to other groups; the statement is statistically
reliable (p < 0.001). Groups 2-4 of the clinical course of
COVID-19 (Table 1) did not differ in the presence of reti-
nal changes (p > 0.5).

To predict the course of COVID-19 and the occurrence
of possible complications, an analysis of the relationship
of the risk of the occurrence of clinically significant ret-
inal changes for each factor characteristic of metabolic
changes in patients with COVID-19 was performed (Table
4). At the same time, the method of building univariate
logistic regression models was used.

Univariateanalysisrevealedanincrease (p=0.025)inthe
risk of clinically significant retinal changes in patients with
COVID-19 with patient age, OR = 1.10 (95% CI 1.01-1.20)

B Fasting blood glucose level, mmal/fl, patients withowt retinal changes

B Fasting blood glucose kevel, mmalfl, patients with retinal changes

Pl " L
] <] n
L -

Pt

Fasting blzad glucose kavel, mmalfl

i

Graph 2. Fasting blood glucose level in patients in the group of patients
without retinal changes and with retinal changes. Median value, first
and third quartile values, minimum and maximum values are indicated

B D-dimer level in patients with clinically insignificant refinal changes

B -dimer leval in patients with cliniclly Sgnificant retinal changas

D-climer kgve|

Graph 4. D-dimer level in the group of patients without clinically signi-
ficant retinal changes and in the presence of clinically significant retinal
changes. Median value, first and third quartile values, minimum and
maximum values are indicated
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Table 3. Distribution of presence of clinically significant and clinically insignificant retinal changes in patients with COVID-19, depending on metabolic

changes

Age, years

Leukocytes level, amount *10%I
Lymphocytes level, %

Erythrocyte level, amount *10'%I
Hemoglobin level, g/I

Platelet level, amount *10'%|
C-reactive protein level, mg/ml

INR, Un

Procalcitonin level, ng/ml

D-dimer level, ug/ml

Fasting blood glucose level, mmol/ml
Damage to the lung parenchyma, %
Blood saturation level, %

Systolic blood pressure, mmHg

Diastolic blood pressure, mmHg

There are clinically insignificant

retinal changes (n=109)

63 (56-69)

7 (5.3-12.225)
1.1 (0.775-1.4)
4.6 (4.235-4.943)
137 (127.75-148)
203 (148.25-244.25)
33.42 (15.99-93.72)
1.14 (1.07-1.3)
0.22 (0.07-0.688)
0.54 (0.28-1.14)
7.18 (6.8-9.715)
45 (36-62)

94 (88-96)

130 (125-140)
80 (80-90)

Notes: comparisons were made using the Mann-Whitney test

here are clinically significant
retinal changes (n=8)

66.5 (60.5-76)
8.95 (5.6-10.65)
1.4 (0.8-1.8)
5.015 (4.425-5.345)
146 (137-153.5)
170.5 (13.5-255)
81.01 (20.01-143.985)
1.2 (1.035-1.595)
0.085 (0.07-0.385)
2.705 (1.495-3.83)
7.27 (6.53-9.43)
68 (55.5-72)
90.5 (82-97.5)
130 (130-14)

80 (80-90)

0.124
0.654
0.338
0.165
0.193
0.397
0.288
0.52
0.356
<0.001
0.854
0.004
0.661
0.322
0.883

Table 4. Distribution of coefficients of univariate logistic regression models for predicting the risk of clinically significant retinal changes

Sex

Leukocytes level, amount *10%/I
Lymphocytes level, %

Erythrocyte level, amount *10'%/I
Hemoglobin level, g/I

Platelet level, amount *10'%/I
C-reactive protein level, mg/ml

INR, Un

Procalcitonin level, ng/ml

D-dimer level, pg/ml

Fasting blood glucose level, mmol/ml
Damage to the lung parenchyma, %
Blood saturation level, %

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg

Leukocytes level, amount *10%/I

HD

DM 1 or 2 type

HD — hypertension
DM - diabetes mellitus

The value of the
coefficient of the | the difference of the model
coefficient from 0.5 p

model, b tm

The level of significance of

Odds ratio
indicator,
OR (95 CI)

The level of significance
of the difference, p

M 0.28 £0.73
0.096 +0.043
0.037 +0.067
0.42 £0.55
0.40 £0.44
0.025 +£0.021
-0.003 +0.004
0.003 £0.004
0.45 +0.62
-0.76 £0.91
1.12 £0.32
-0.018 £0.077
0.084 £0.032
-0.034 £0.042
0.010 +£0.023
0.008 +0.042
No
Yes -1.20 £1.09
No
Yes 0.90 +0.87
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Reference
0.706
0.025
0.583
0.446
0.360
0.224
0.440
0.506
0.464
0.406

<0.001
0.816
0.010
0.416
0.669
0.838

Reference
0.271

Reference
0.300

1.10(1.01-1.20)

3.1(1.7-5.8)

1.09 (1.02-1.16)
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for each year. All patients with clinically significant retinal
changes were older than 60 years.

Anincrease (p < 0.001) in the risk of clinically significant
retinal changes with an increase in D-dimer level was also
found, OR = 3.1 (9 % Cl 1.7-5.8) per unit of measurement
(mcg/ml). Graph 6 shows the operating characteristics
curve of this model.

AUC1T model operating characteristics curve = 0.90 (95 %
C10.83-0.95), indicating a strong association of risk of clini-
cally significant retinal changes in patients with COVID-19
with D-dimer levels. When choosing the optimal (accord-
ing to the Youden Index) critical level of Ycrit >1.2 mea-
surement units (ug/ml), the sensitivity of the model is
100% (95 % Cl 63.1 %—-100 %), the specificity is 79.8 % (95 %
Cl 71.1%-86.9%). All patients with clinically significant re-
tinal changes had a D-dimer level >1.2 ug/ml.

In addition, there was also an increase (p = 0.010)
in the risk of clinically significant retinal changes with

Graph 5.The area of lung parenchyma damage in the group of patients
without clinically significant retinal changes and in the presence of cli-
nically significant retinal changes. Median value, first and third quartile
values, minimum and maximum values are indicated

100 Sensitivity: 100
Speaificity: 79.8
Criterion: > 1.2
80
= 60
=
%
@
40
AUC = 0.898
p=0.001
20
0
0 20 40 60 80 100
100 - Specificity

Graph 6. ROC curve for predicting the risk of clinically significant retinal
changes by D-dimer level
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an increase in the degree of lung parenchymal damage
in patients with COVID-19, OR = 1.09 (95% Cl 1.02-1.16)
for each the percentage of growth of the lung parenchyma
lesion area. Graph 7 shows the operational characteristics
curve of this model.

The area under the curve of the operational character-
istics of the model AUC2 =0.81 (95 % Cl 0.73-0.88), which
indicates a strong relationship between therisk of clinical-
ly significant retinal changes and the degree of lung pa-
renchymal damage. When choosing the optimal (accord-
ing to the Youden Index) critical level of Ycrit > 63 %, the
sensitivity of the model is 75% (95 % Cl 34.9%-96.8 %),
the specificity is 80.4% (95% Cl 71.6%-87.4%). All pa-
tients with clinically significant retinal changes had lung
parenchymal lesion area > 63 %.

DISCUSSION

So, today, the pathogenesis of COVID-19 in general has
the characteristic features of an acute respiratory infection,
with the involvement of all organs and systems of the hu-
man body in the process of moderately severe, severe and
extremely severe course. As a result, the inflammatory pro-
cess acquires a systemic character, which is included in the
concept of “systemic inflammatory response syndrome”.
As a result, we can single out a list of metabolic changes
specific to this disease: a shift towards hypercoagulation
due to increased levels of D-dimer, fibrinogen, C-reactive
protein, procalcitonin, ferritin, erythrocyte sedimentation
rate (ESR), the number of platelets and have a prognosti-
cally reliable connection with increased the risk of throm-
botic complications in COVID-19 [26,27,32].

The most interesting, in context of thromboembolic
complications, is the level of D-dimer. The pathophysio-
logical chain of D-dimer formation is as follows: the fibri-
nolytic system splits the fibrin mesh after the formation of
a thrombus; D-dimer, which consists of two D-fragments

100

B0

Sensitivity: 75.0
Speciticity: 804
Criterion: > 63
. 60
E
2
=
o
40
AUC=0.3809
p <0001
20
0
i} 20 40 60 80 100

100 - Specificity

Graph 7. ROC curve for predicting the risk of clinically significant retinal
changes by the degree of lung parenchymal damage in patients with
COVID-19
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of fibrin, is formed as a result of activation of the plasmin
enzyme. This indicates the presence of destroyed fibrin
in the blood, that is, D-dimer reflects the activation of the
coagulation and fibrinolysis systems [33].

Considering D-dimer as a marker of thromboembolic
complications in COVID-19, we have the following data:
excessive inflammation (cytokine storm, activation of
vascular endothelium and macrophages), diffuse intra-
vascular coagulation, immobilization, hypoxia due to
excessive lung damage in COVID-19 can lead to massive
thromboembolic complications [33]. Published data,
concerning coagulopathy in COVID-19, showed an in-
crease in the level of D-dimer, lactate dehydrogenase,
slight or no changes in prothrombin and thromboplastin
time, as well as an increase in the level of antiphospholip-
id antibodies [34-37].

Analyzing the general connection of D-dimer level
with ophthalmic pathology in general, we can note the
following correlations: the level of D-dimer is statistically
significantly higher in patients with proliferative diabetic
retinopathy than in patients with non-proliferative dia-
betic retinopathy [38,39]. Also, a statistically higher level
of D-dimer was found in patients with leukemic retinopa-
thy compared to the control group [40].

Taking into account all the above facts, we can conclude
that today this infectious disease is one of the most com-
mon triggers of vascular symptomatic or asymptomatic
changes in all organs and systems of the human body. The
organ of vision is not an exception and is included in the
cohort of extrapulmonary manifestations of COVID-19.

In order to investigate the occurrence of retinal chan-
ges in COVID-19, we delved into the details of how the
COVID-19 virus enters the cells of the retina and have the
following information: through interaction with Angio-
tensin-converting enzyme (ACE) receptors, the COVID-19
virus enters the cells of the human body [41], and retinal
cells, in particular, due to simultaneous interaction with
ACE and cluster of differentiation (CD) 147/basigin recep-
tors [42]. Also, there are data on the presence of cellular
receptors in the retina (Miller cells, ganglion cells, pig-
ment epithelium, retinal microvessels) for various parts
of the renin-angiotensin system (ACE, ACE2, prorenin
and angiotensinogen receptors) [42]. In particular, there
are also data on the presence of ACE/ACE2 receptors
in organelles of pigment epithelium cells and ganglion
cells of the retina (in laboratory, culture of human retinal
organoids was obtained from induced pluripotent stem
cells) which, under in vitro conditions, were susceptible
to infection with the COVID-19 pseudovirus [43]. There
is an interesting fact that the expression of ACE/ACE2
increases from the cornea to the retina, and, at the mo-
ment, it is beginning to be considered as another way of
spreading the virus into the deep structures of the retina,
optic nerve, and optic pathway [44]. Recent data show
that both ACE-2 and Transmembrane protease, serine
2 (TMPRSS2) are highly expressed in the human retina.
A recent case series of 3 patients detected the S and N
proteins of COVID-19 by immunofluorescence micros-
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copy in retinal vascular endothelial cells, presumably
containing viral particles [45]. Perhaps this tropism of
the virus to retinal cells explains the presence of retinal
changes in patients with COVID-19.

The analysis of existing data indicates the existence of
contradictions in the views on the correlation between
the COVID-19 induced metabolic changes and the pres-
ence and/or expressiveness of retinal changes. Thus, Sen
S,etal.and Ung L etal. note that intraretinal and petechial
hemorrhages and cotton wool spots occur with elevated
levels of fibrinogen, C-reactive protein, ferritin, and D-di-
mer [15]. There are also data on the detection of flame-
shaped intraretinal and dot and blot microhemorrhages
(in combination with an elevated level of D-dimer), nerve
fiber layer infarcts and microhemorrhages in the papillo-
macular bundle in patients with COVID-19 [46].

It was also established that cotton wool spots occur at
a D-dimer level higher than 385 mg/dL—1 in 22 % of the
examined patients, and these results were put forward as
a hypothesis that COVID-19 is a systemic vascular disease
[13,47].

A case of bilateral thrombosis of the central retinal vein
with elevated levels of D-dimer and C-reactive protein
secondary to COVID-19 was also described [48]. Ven-
katesh R, Reddy NG, Agrawal S, Pereira A. describe a case
of COVID-19-associated central retinal vein thrombosis
with elevated D-dimer and ESR [49]. Also, there is an in-
teresting case of suspected bilateral central retinal vein
thrombosis in a patient with COVID-19; the patient had
dilated retinal veins, epiretinal hemorrhages (in particu-
lar, one in the macular area) and elevated levels of D-di-
mer and C-reactive protein [50], which once again proves
the importance of ophthalmological examinations of pa-
tients with COVID-19, in order to timely suspect and pre-
vent the occurrence of vascular complications. Certain
authors [13,19,21,22], during the laboratory examination
of patients with thrombosis of the central vein of the reti-
na during COVID-19, revealed pronounced rheological
changes due to significantly increased levels of fibrino-
gen, D-dimer, prothrombin time.

It should be noted that both veins and arteries can ex-
perience thromboembolic complications in COVID-19
[33], which is illustrated by the following case of central
retinal artery embolism in a patient with COVID-19 with
elevated levels of D-dimer, C-reactive protein, and fibrino-
gen [51]. A group of authors describe cases of central
retinal artery embolism in the above-mentioned infec-
tious disease, while laboratory tests showed elevated
levels of ferritin, D-dimer, procalcitonin, interleukin-6,
C-reactive protein, and fibrinogen [13,18].

Also noteworthy is the case of paracentral acute macu-
lopathy associated with COVID-19 and elevated D-dimer
levels [52].

In our study, we focused our attention on the correlation
of retinal changes with metabolic changes in COVID-19.
We described for the first time the dependence of retinal
changes, both in general, and divided into clinically signifi-
cant and clinically insignificant, on various parameters
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of metabolic changes in the aforementioned infectious
disease. During our study, we obtained the following data:
retinal changes were noted in patients with statistically
significantly lower levels of lymphocytes and blood glu-
cose levels, as well as a higher percentage of lung paren-
chymal lesions than in those in whom these changes were
not found. Regarding clinically significant and clinically
insignificant retinal changes: clinically significant retinal
changes occurred in patients with statistically significantly
higher D-dimer levels and a greater percentage of lung pa-
renchymal involvement than in the group of patients with
clinically insignificant retinal changes.

In our studies, univariate analysis revealed an increase
in the risk of clinically significant retinal changes in pa-
tients with COVID-19 with the age of the patients, an in-
crease in the level of D-dimer and the degree of damage
to the lung parenchyma. These indicators are statistically
significant: p<0.05. As you know, vascular changes are
the first to occur among the microcirculatory vessels,
which are the vessels of the retina. So, taking this into ac-
count, it is possible to predict the presence of not only
retinal vascular changes in certain metabolic shifts, but
also their systemic nature in COVID-19.

In contrast, there are also reports of COVID-19-asso-
ciated neuroretinopathy [24] and COVID-19-associated
maculopathy [24,25], which were not accompanied by
any changes in laboratory tests. Certain authors did not
find any laboratory abnormalities during the laboratory
examination of patients with thrombosis of the central
retinal vein during COVID-19 [20,23].

With regard to the correlation of the presence and varie-
ty of retinal changes with the area of lung parenchyma
damage, we did not find any data on such a relationship
when we reviewed the literature. In turn, in our study,

we found a statistically significant relationship between
the area of lung damage and retinal changes. As can
be seen from Table 1: this correlation is significant and
statistically reliable (p = 0.039). In our opinion, this can
be explained by the fact that when the area of damage
to the lung parenchyma increases, the concentration of
pro-inflammatory agents in the blood increases, the rhe-
ological picture shifts towards hypercoagulation, and the
microcirculatory vessels suffer first of all, because they
have no collateral blood supply.

Summarizing our review of the literature and our pre-
vious studies, we can say that the correlation between
the degree of severity of COVID-19, the metabolic status
of patients and the presence and clinical significance of
retinal changes is statistically significant and should be
taken into account when treating the disease and pre-
dicting its course [53].

CONCLUSIONS

The structure of retinal changes in patients with
COVID-19 correlates with the severity of the clinical
course of the disease and changes in the metabolic status
of patients. An increase in the lung parenchyma damage
area and the level of D-dimer increase the risk of occur-
rence of significant retinal and ophthalmological chan-
ges, accompanied by a decrease in visual acuity (vitreous
hemorrhage, prethrombosis or thrombosis of the central
retinal vein or branches of the central retinal vein).
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