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ABSTRACT

BACKGROUND: The new coronavirus infection (COVID-19) gained the pandemic status in 2020, and despite the fact that since
then the virus has become less pathogenic, its virulence has increased by 2023. Well-vascularized organs and tissues, in-
cluding the retina, represent the target for coronavirus. The etiopathogenesis of COVID-associated retinopathy, first described
in 2021, still remains poorly understood, and its forms and occurrence frequency during different periods of the infectious
process vary greatly..

AIM: To identify the main characteristics of the COVID-associated retinopathy in patients with moderate and severe COVID-19
course during the acute period of the disease.

MATERIALS AND METHODS: The study, conducted in 2021 (group 1) and 2023 (group 2), included patients with confirmed
COVID-19 of moderate to severe course during the first 7 days from the onset of symptoms. Group 1 included 46 people, mean
age 65.5 years, and group 2 included 55 people, mean age 69.3 years. The ophthalmologic examination was carried out in the
“red zone" and intensive care unit, and included examination of the anterior segment of the eye, indirect ophthalmoscopy, and
fundus photography using a portable hand-held digital fundus camera (Smartscope M5, Optomed, Finland). Hypertension,
diabetes mellitus, volume of lung damage, invasive mechanical ventilation, and anticoagulant therapy were considered as
conditions affecting retinal microcirculation.

RESULTS: The observation groups were homogeneous in terms of gender, age, and concomitant diseases. The incidence of oph-
thalmoscopic findings in group 1 was 17.3%, and in group 2 — 12.7%. Most often, during the first 7 days of the disease, signs of
angiopathy were observed: dilatation of blood vessels, irregularity of their diameter and tortuosity. Among focal changes, there
were multiple retinal hemorrhages (6.5% and 3.6%) and cotton wool spots (4.3% and 5.4%). In patients with fundus changes,
diabetes mellitus was significantly less common (in group 1, 25% vs. 39%, p < 0.001; in group 2, 28% vs. 44%, p < 0.001), as well
as arterial hypertension (in group 1, 55% vs. 66%, p = 0.003; in group 2 28% vs. 83%, p < 0.001). In group 1, there was a higher
proportion of patients treated in intensive care unit, as in group 2 (37% vs. 17%, p < 0.001), but in group 2, patients with identified
retinal changes were more likely to receive therapeutic doses of anticoagulants (33% vs. 12%, p < 0.001).

CONCLUSION: The main characteristics of COVID-associated retinopathy in patients with moderate to severe COVID-19 during the
acute period of the disease are dilatation and pathological tortuosity of the retinal arteries and veins, intraretinal hemorrhages and
cotton wool spots. The connection between COVID-associated retinopathy and concomitant to the infectious process cardiovas-
cular conditions has not been established. Retinopathy associated with coronavirus infection, with absolute similarity of clinical
manifestations, was significantly more common in 2021 than in 2023.

Keywords: COVID-19; coronavirus infection; red zone; intensive care unit; retinopathy; angiopathy; intraretinal hemorrhages;
cotton wool spots.
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AHHOTALIMA

AxtyanbHocTb. HoBasi KopoHaBupycHas uHbekuus npuobpena ctatyc naHgemun B 2020 r., u HECMOTpS Ha TO, UTO C Tex
Mop BUPYC CTan MeHee NaToreHHbIM, ero BUpyNeHTHocTb K 2023 r. Bo3pocna. MulleHblo KopoHaBupyca SBSETCS XOpOLUO
BaCKYNAPM3UPOBaHHbIE OpraHbl U TKaHW, B TOM uucne ceTyaTka. 3tmonatoreHe3 COVID-accoummpoBaHHOW peTuHoNaTuu,
BrepBsble onucaHHoin B 2021 r., no-npexHeMy 0CTAETCA Masio U3y4YeHHbIM, @ AaHHble 0 opMax 1 YacToTe e€ BCTpeYaeMo-
CTU B pa3sHble NepuoLbl UHPEKLMOHHOMO NpoLiecca CUbHO pasHATCS.

Lienb — BbIfBUTL OCHOBHbIe XapakTepucTuku COVID-accouumnpoBaHHoii peTuHonatu y naumeHtos ¢ COVID-19 cpenHeTs-
KENOro W TSHKENOro TeYeHUs B OCTPbIA Nepuog, 3aboneBaHus.

Matepuanbl u MeTogbl. B uccnepnosanue, nposoaumoe B 2021 (rpynna 1) u 2023 rr. (rpynna 2), 6binm BKIOYEHbI NaLm-
eHTbI ¢ noaTeepAEHHbIM COVID-19 cpeaHeTAXKENOro 1 TSKENOro TeueHUs faBHOCTbIO He Bonee 7 cyT. B rpynny 1 Bruto-
yeHbl 46 YenoBeK, cpefHUIM BO3pacT 65,5 roga, B rpynny 2 — 55 yenosek, cpefHui Bospact 69,3 roga. OdransMonoru-
yeckoe obcnepoBaHue NpOBOAUNIOCH B YCNIOBUSAX «KPACHOM 30HbI» W NanaTbl MHTEHCMBHOW Tepanuu 1 BKIKYaAN0 0CMOTp
nepefHero oTpeska rnasa, Henpsmylo odrtanbMocKonuio U doTorpadmpoBaHue riasHOro AHa C NOMOLLbIO NOPTAaTMBHOM
py4Hoii umdpoBoii dyHayc-kamepbl (Smartscope M5, Optomed, ®uHnsAHaMA). B KayecTBe COCTOSHWIA, OKa3blBalOLLMX
B/MSHME Ha MUKPOLIMPKYNALMIO CETYATKU paccMaTpuBanuCh runepToHnyeckas 6onesHb, caxapHbli auabet, 06bEM nopa-
JKEHWSA NETKNX, UCKYCCTBEHHAs BEHTUNALMSA NETKUX U aHTUKOArynsHTHas Tepanus.

Pe3ynbTathl. [pynnbl HabnaeHUs oKasanucb 0AHOPOAHBIMU MO MOJY, BO3pAcTy M CONYTCTBYHLLEH natonoruu. Yactota
BCTPEYaEeMOCTW 0 TaNbMOCKONUYECKUX HaxoAoK B rpynne 1 coctasuna 17,3 %, B rpynne 2 — 12,7 %. Yawwue Bcero B nep-
Bble 7 LHeii bone3Hn HabnaanMcb NPU3HAKM aHrMoNaTM: pacLUMpeHue COCyL0B, HEPaBHOMEPHOCTb UX AMaMeTpa U us-
BuTOCTb. Cpeayn o4aroBbiX M3MEHeHMIn BCTPEYanMCb MHOMECTBEHHbIE KPOBOM3NUAHWUA B MOBEPXHOCTHbIE CNOM CETYATKM
(6,5 n 3,6 %) v BaTo0bpa3Hble ouaru (4,3 u 5,4 %). Y naumeHTOB ¢ M3MEHEHWUAIMM Ha TMa3HOM [HE 3HAYMMO pexe BCTpe-
yancs caxapHbiii guabet (B rpynne 1 — 25 % npotus 39 %, p < 0,001; B rpynne 2 — 28 % npotue 44 %, p <,001)
W runepToHuyeckas bonesHb (B rpynne 1T — 55 % npotus 66 %, p = 0,003; B rpynne 2 — 28 % npotus 83 %, p < 0,001).
B rpynne 1 oTMeyanack 6onee BbICOKas A0S NALMEHTOB, JIEYMBLUMXCS B YCNIOBUAX Nanatbl MHTEHCUBHONM Tepanuu, YeM
B rpynne 2 (37 % npotus 17 %, p < 0,001), Ho B rpynne 2 naumeHThbl C BbISBNEHHBIMU U3MEHEHWAMM YaLle Nnosyyanu Te-
paneBTUYeCKMe [03bl aHTUKoarynsHToB (33 % npotus 12 %, p < 0,001).

3akntoyenne. OcHoBHbIMK XapakTepucTukamu COVID-accoummpoBaHHOM peTMHONATMM Y NALUMEHTOB CO CPELHETSIKENbIM
U TAKENbIM TedeHnem COVID-19 B ocTpelid nepuog, 3aboneBaHus ABAAIOTCSA AunaTaLums U NaTonormyeckas M3BMTOCTb ap-
TEPUI U BEH CETYATKM, MHTPapPeTUHaNbHble KPOBOMU3MAHMSA 1 BaToobpa3Hble oyaru. Cea3b COVID-accoummpoBaHHOM peTu-
HOMaTWM C CONYTCTBYIOLLEH MHEKLMOHHOMY MPOLLecCy CepAeYHO-COCYAMCTON NaToNormeli He ycTaHoBeHa. PeTuHonatus,
accouMMpoBaHHas C KOPOHaBUPYCHOW MHBEKLMeN Npu abCOMIOTHON CXOXKECTU KIIMHMYECKUX NPOSBAEHUIA, 3HAUMMO YaLle
BcTpeyanach B 2021-M, uem B 2023 T.

Kniouesbie cnioBa: COVID-19; kopoHaBupycHas MHQEeKLMS; KpacHas 30Ha; masiata MHTEHCUBHOW Tepanuu; peTMHonaTus;
aHr1onaTus; HTPapeTMHabHble reMopparuu; BaToobpasHble oyaru.
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BACKGROUND

The novel coronavirus infection (COVID-19) pandemic
caused by the SARS-CoV2 virus has become one of the
deadliest in human history [1].

Although it mainly affects the respiratory tract,
COVID-19 leads to pronounced changes in the entire vas-
cular bed, causing multiorgan damage [2]. Cardiovascular
and nervous systems are involved most often. However,
cases of gastrointestinal tract, urinary system, skin, and
eye injury have also been reported [3].

Ocular manifestations of COVID-19 include changes in
the anterior (conjunctivitis, chemosis, and subconjuncti-
val bleeding) and posterior segments, both inflammatory
(uveitis, vitritis) and vascular (retinal vascular occlusion
and damage to its capillary bed) [4].

In 2021, Bansal et al. [5] first described the term
COVID-19-associated retinopathy, which included retinal
vascular changes, retinal hemorrhages, and cotton wool
spots observed in several patients during acute and sub-
acute phases of infection. Due to diagnostic challenges
in the intensive care unit and epidemiological limita-
tions, there is little information on the frequency of these
changes and it is variable. Single studies were performed
during the first wave of COVID-19 and evaluated the Wu-
han strain [6].

Many coronavirus mutations were reported from 2019
to 2023. New SARS-CoV2 strains are less pathogenic and
more virulent, which definitely affects the clinical pre-
sentation of the disease [7].

Virus mutations, formation of herd immunity due to
mass vaccination, and an increase in the number of cases
have led to a decrease in deaths, and extremely severe
forms of the disease are less common. The disease has
become seasonal. Moreover, there have been reports of
latent disease, chronic virus carriers, and post-COVID
syndrome lasting up to 6 months. Fragments of SARS-
CoV2 RNA are found in the nervous tissue, especially in
the retina, many months after the infection onset [8].
Therefore, the study of the frequency of COVID-associat-
ed intraocular changes and their features is still relevant
and remains an important medical and social task.

The study aimed to identify the main characteristics of
COVID-19-associated retinopathy in patients with moder-
ate to severe COVID-19 during the acute phase.

Study objectives

1. Ophthalmoscopy in patients with moderate to se-
vere COVID-19 during the acute phase.

2. Assessment of the frequency of COVID-19-asso-
ciated retinopathy in patients receiving treatment in an
infectious disease department, including an intensive
care unit (ICU).

3. Comparative assessment of the frequency and
manifestations of COVID-19-associated retinopathy be-
tween the pandemic waves in 2021 and 2023.
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MATERIALS AND METHODS

This observational, cross-sectional, prospective study
was conducted during two periods of the COVID-19 pan-
demic.

The patients in Group 1 were examined in July and
August 2021 in the Department of Infectious Diseases
of Pavlov First Saint Petersburg State Medical Univer-
sity; the patients in Group 2 were examined in November
and December 2023 in Botkin Clinical Infectious Diseases
Hospital. All patients were treated on an inpatient basis in
the infectious department following the epidemiological
requirements and applicable temporary guidelines at the
time of hospitalization (versions 12 and 18, respectively).

Inclusion criteria were diagnosed moderate to severe
COVID-19 confirmed by polymerase chain reaction assay
of a pharyngeal swab at admission and acute infection
phase not exceeding 7 days after the first occurrence of
symptoms.

Non-inclusion criteria were age under 18 years, ocu-
lar opacities and other conditions challenging assess-
ment of the fundus, and pre-COVID-19 retinal and optic
nerve diseases.

Group 1 included 46 patients (30 women, 16 men)
aged 46 to 87 years (mean age: 65.5 years). Group 2
included 55 patients (34 women, 21 men) aged 52 to
90 years (mean age: 69.3 years).

Ophthalmological examination was performed only in
the “red zone” and ICU and met the epidemiological safety
requirements.

The anterior segment was examined once on the as-
sessment day using lateral illumination, indirect oph-
thalmoscopy (Eurolight e10 ophthalmoscope, Kawe, Ger-
many, 20 D spherical lens), and mydriatic (tropicamide
and phenylephrine) fundus photography (Smartscope
M5 portable hand-held digital fundus camera, Optomed,
Finland). Given conditions of fundus photography with
epidemiological limitations and severe condition of pa-
tients, the pictures were not required to be of high
quality.

Stabilization of comorbidities, main clinical, chem-
istry, and immunoassay blood parameters, as well as
results of chest computed tomography (CT) and satura-
tion were evaluated on the assessment day and on the
following days (the entire hospital stay). CT revealed that
lung tissue damage was 50% or more, which correspond-
ed to the diagnosed severity of the novel coronavirus
infection.

Hypertensive heart disease (HHD) with compensat-
ed and uncompensated hypertension was reported in
29 (63%) patients in Group 1 and in 42 (76%) patients
in Group 2. At the time of hospitalization, diabetes mel-
litus (DM) was diagnosed in 17 (37%) patients in Group 1
and 23 (42%) patients in Group 2. Decompensated DM
(i.e., clinically significant hyperglycemia) was detected
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Table 1. Main characteristics of patients in groups 1 and 2
Ta6nuua 1. OcHoBHble XapaKTepPUCTUKM NaLMeHTOoB B rpynnax 1 v 2

OdTansbMonoryecKme BeoMoCTH

Parameter Group 1 Group 2 p
Study period 2021 2023 -
Patients, eyes 46 (92) 55 (110) 0.730
Women 30 (65%) 34 (63%) 0.411
Age, years 65.5 [46; 87] 69.3 [52; 90] 0.546
Hypertensive heart disease 29 (63%) 42 (76%) <0.001
History of diabetes mellitus 17 (37%) 23 (42%) 0.220
Hyperglycemia (diabetes mellitus) 8 14 -
Hyperglycemia (without diabetes mellitus) 4 (8%) 2 (6%) 0.682
Hypertensive heart disease + diabetes mellitus 15 (32%) 19 (34%) 0.737
Anticoagulants 4 (8%) 12 (21%) <0.001
Intensive care 19 (41%) 12 (22%) <0.001
Mechanical ventilation 11 3 -

Note: Significance levels (p) are provided for the Mann—-Whitney U test and ¥? test for binomial distribution.
lMpumMeyanue. YpoBHM 3HAUMMOCTH (p) yKa3aHbl AN KpUTepus MaHHa — YWTHM 1 TecTa x% npu BUHOMMANBHOM pacnpefeneHmuu.

in 8 and 14 patients in Groups 1 and 2, respectively.
Hyperglycemia without history of DM was reported in 4
and 2 patients in Groups 1 and 2, respectively. All patients
with clinically significant hyperglycemia (>7.5 mmol/L)
received basal-bolus insulin therapy. A combination of
hypertension and DM with or without hyperglycemia was
observed in 15 (32%) patients in Group 1 and 19 (34%)
patients in Group 2.

During hospital stay, 19 (41%) patients in Group 1
(11 of them received mechanical ventilation, MV) and
12 (22%) patients in Group 2 (only 3 of them required MV)
were transferred to ICU (p < 0.001).

A total of 4 patients in Group 1 and 12 patients in
Group 2 received anticoagulants in therapeutic doses, all
other patients received preventive doses. In all cases,
low-molecular-weight heparin (enoxaparin) was used in
a preventive dose of 40 mg/day or in a therapeutic dose
of 1 mg/kg of body weight twice daily (Table 1).

Statistical data processing was performed using IBM
SPSS Statistics version 23. For descriptive statistics, the
median or arithmetic mean was used in combination with
minimum and maximum values within the group. The nor-
mal distribution was checked using the Shapiro—Wilk test
and x? test for binomial distribution. The nonparametric
Mann-Whitney U test was used to compare unrelated
samples. The differences were considered statistically
significant at p < 0.05.

RESULTS

Characteristics of patients in Group 1

Signs of retinopathy on the fundus exam were noted
in 8 (17.3%) patients. Three patients had significantly di-
lated and tortuous peripapillary vessels bilaterally in all

DAl https://doiorg/1017816/0V627137

cases. The main focal changes were retinal hemorrhag-
es (3 patients, 6.5%) and cotton wool spots (2 patients,
4.3%). The changes were unilateral in all cases, with one
exception.

Angiopathy was the most common fundus change.
Retinal vessels, both arterioles and venules, were patho-
logically dilated and tortuous. The dilation degree could
only be assessed visually, but a ratio of arterioles to 2nd
order venules was 1.5:2. Peripapillary vessels were di-
lated most. The venules were of uneven diameter, there
were no abnormalities characteristic of the Salus’s sign
in the arteriovenous crossing.

Retinal hemorrhages were the second most common
change. They were typically localized in peripapillary and
perivascular areas. Hemorrhages in the superficial retina
layers were large. One female patient had both preretinal
and intraretinal hemorrhages. Their number varied from
single to multiple.

Cotton wool spots were both single and multiple and
localized in peripapillary and perivascular areas.

Notably, compared with patients without fundus
changes, patients with signs of retinopathy were sig-
nificantly older (67.9 vs. 60.3 years; p <0.001) and
less likely to have concomitant DM (2 [25%] patients
vs. 15 [39%] patients; p < 0.001) and HHD (4 [50%] vs.
25 [66%]; p = 0.003). A combination of DM and HHD was
reported in only 1 (12%) patient with retinopathy and in
15 (39%) patients without fundus changes. Newly diag-
nosed hyperglycemia was noted in 0 and 4 (8%) patients
with and without retinopathy, respectively. Three patients
had history of HHD, which was compensated at the time
of examination. A total of 3 (37%) patients with signs
of retinopathy and 16 (42%) patients without retinopa-
thy (p = 0.504) received treatment in the ICU. Only one
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Table 2. Ophthalmoscopic findings in group 1
Tabnuua 2. OdTanbMocKonuyecKme Haxoakm B rpynne 1

Vol 17(2) 2024

Ophthalmology Reports

Patient | Fundus changes

| DM | He | HHD | Icu | AC

M, 63 Retinal hemorrhages + angiopathy in the right eye (Fig. 4, a) - - + +MV P
M, 66 Retinal hemorrhages + angiopathy in the right eye (Fig. 3, b) - - + - P
F, 79 Retinal hemorrhages + angiopathy in the right eye (Fig. 3, a) - - - - P
F, 77 Bilateral cotton wool spots + + + + T
F, 59 Cotton wool spots in the left eye (Fig. 4, b) - - - - P
M, 83 Abnormally tortuous retinal veins in both eyes (Fig. 1) - - + +MV P
F, 72 Abnormally tortuous retinal veins in both eyes + - - - P
F, 57 Abnormally tortuous retinal vessels in both eyes (Fig. 2) - - - - P

Note: DM, diabetes mellitus; HG, hyperglycemia; HHD, hypertensive heart disease; ICU, intensive care unit; MV, mechanical ventilation;

AC, anticoagulants in a preventive (P) or therapeutic dose (T).

[lpumeqarue. DM — caxapHbiii gnabet; HG — runepravkemus; HHD — runeptoHuyeckas 6onesHb; ICU — nanata MHTEHCHMBHOM
Tepanuu; MV — uckyccTBeHHas BeHTUNALMS Nérkux; AC — NpuEM aHTUKoarynsHToB B npodmnaktudeckon aose (P) unu Tepanestu-

yeckoit gose (T).

patient with retinopathy in combination with HHD and DM
receiving anticoagulants in therapeutic doses required
MV compared with 10 patients without fundus changes
(Table 2).

Characteristics of patients in Group 2

Fundus changes were identified in 7 (12.7%) patients,
5 of them had signs of angiopathy and retinopathy, in-
cluding retinal hemorrhages in 2 (3.6%) and cotton wool
spots in 3 (5.4%) patients. Two (3.6%) patients had only
signs of angiopathy. Fundus findings in 2 patients also
included foci of retinal pigment epithelium destruction,
embolism of the branches of the retinal artery, and track-
ing along the arterioles. Signs of retinopathy were not
visibly different from those observed in Group 1.

Table 3. Ophthalmoscopic findings in group 2
Tabnuua 3. OdhTanbMocKoNUYeCKne HaXoAKu B rpynne 2

Patients with retinopathy did not significantly dif-
fer in age from patients without it (67.3 vs. 65.9 years;
p =0.104); as in Group 1, DM (2 [28%] vs. 21 [44%];
p < 0.001) and HHD (2 [28%] vs. 40 [83%]; p < 0.001)
were less common among them. A combination of DM
and HHD was noted in 0 and 19 (39%) patients with and
without retinopathy, respectively. Hyperglycemia as-
sociated with DM was reported in 1 patient with reti-
nopathy and 13 patients without it. There were no cas-
es of newly diagnosed hyperglycemia in patients with
retinopathy.

Notably, in patients with retinopathy, only 1 (17%)
patient received treatment in the ICU (vs. 11 [22%];
p = 0.462), and 2 (33%) patients received anticoagulant
therapy (vs. 10 [20%]; p = 0.046) (Table 3).

Patient | Fundus changes | DM | HG [ HHD | Icu | AC
F, 72 Retinal hemorrhages in the right eye (Fig. 9) - - - - P
F, 64 Retinal hemorrhages in the left eye (Fig. 8, a) - - + - T
M, 81 Bilateral cotton wool spots (Fig. 8, b) + + - +MV P
M, 69 Cotton wool spots in the right eye - - - - P
F, 69 Cotton wool spots and Hollenhorst plaques in the left eye (Fig. 7) + - + - P
F, 77 Abnormally tortuous retinal vessels in both eyes (Fig. 5) - - + - T
M, 51 Abnormally tortuous retinal vessels in both eyes (Fig. 6) - - - - P

Note: DM, diabetes mellitus; HG, hyperglycemia; HHD, hypertensive heart disease; ICU, intensive care unit; MV, mechanical ventilation; AC,

anticoagulants in a preventive (P) or therapeutic dose (T).

[pumeqarue. DM — caxapHbin guabet; HG — runepravkemus; HHD — runeptoHnyeckas 6onesHs; ICU — nanara MHTEHCUBHOI Tepanuu;
MV — uckyccTBeHHas BeHTUNALMSA nérkux; AC — NpréM aHTUKOarynsHToB B npodunaktdeckoi aose (P) unu TepanesTuyeckoit gose (7).
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Comparison of Groups 1 and 2 compensation, and glycemia levels. Significant differ-
In general, both groups were homogeneous with ences were found only in a larger number of patients
respect to sex, age, comorbidities, hypertension in Group 2 receiving anticoagulants and treated in

Table 4. Comparative characteristics of the general status of patients in groups 1 and 2 depending on the presence/absence of signs
of retinopathy

Tabnuua 4. CpaBHUTENbHbIE XapaKTEPUCTUKM 06LLEro CoCTOAHWSA NauneHToB rpynn 1 1 2 B 3aBUCUMOCTU OT HanM4Ms/0TCYTCTBUSA
NPU3HaKOB peTUHOMATUK

Parametar Group 1 Group 2 »
RM | NoRM p RM No RM p 2

Patients, eyes 8(12) 38 (80) - 7(10) 48 (100) - <0.001
Women 5 (62%) 25 (66%) 0.599 4 (57%) 29 (60%) 0.659 0.720
Age, years 67.9 [57; 83] 60.3 [46; 87] <0.001 67.31[51;81] 65.9 [52; 90] 0.104 0.691
HHD 4 (50%) 25 (66%) 0.003 2 (28%) 40 (83%) <0.001 0.221
History of DM 2 (25%) 15 (39%) <0.001 2 (28%) 21 (64%) <0.001 0.140
Hyperglycemia (DM) 2 6 - 1 13 - -
Hyperglycemia

(without DM) 0 4 (8%) 0.230 0 2 (6%) 0.814 1.000
HHD + DM 1(12%) 15 (39%) 0.063 0 19 (39%) <0.001 0.956
Anticoagulants 1(12%) 3 (8%) 0.693 2 (33%) 10 (20%) 0.046 <0.001
ICU 3 (37%) 16 (42%) 0.504 1 (17%) 11 (22%) 0.461 <0.001
MV 1 10 - 1 3 - -

Note: RM, retinal manifestations; DM, diabetes mellitus; HHD, hypertensive heart disease; ICU, intensive care unit; MV, mechanical ventila-
tion. Significance levels (p) are provided for the Mann-Whitney U test and ¥ test for binomial distribution.

[lpumeyarue. RM — peTuHanbHble nposenenus; DM — caxapHbit auabet; HHD — runeptoHuyeckas 6onesHb; ICU — nanata uHTeH-
CMBHON Teparm; MV — MCKYCCTBEHHas BEHTUIALMA NIETKUX. YPOBHU 3HAUMMOCTH (D) yKa3aHbl AN Kputepust MaHHa — YuTHu 1 Tecta x?
npu 6BMHOMMasLHOM pacrnpeAeneHum.

Fig. 1. Fundus photo of the right and the left eyes of patient S., 83 years old, group 1, 3 day of the disease. Noteworthy are the abnormally
tortuous retinal arterioles and venules and the irregular vessels caliber along their entire length. In the areas of arteriovenous crossings
there are no symptoms indicating mechanical compression of venules, characteristic of hypertensive angiopathy

Puc. 1. ®oTorpadms rnasHoro fHa npaBoro v ieBoro riasa naumenta C., 83 roga, rpynna 1, 3-u cytku 3abonesanus. ObpalLaioT Ha cebs
BHWUMaHWe aHOMarbHO U3BUTbIE PETUHAMBbHBIE apTEPUOSTbl U BEHYSbI, HEPABHOMEPHBIN Kanubp cocya0B Ha BCEM UX MPOTsKEHUM. B 30Hax
apTepUOBEHO3HbIX NMEPEKPECTOB OTCYTCTBYIOT CUMMTOMbI, YKa3blBaloLMe Ha MeXaHWYecKoe CAaBfieHUe BEHYS, XapaKTepHble Ans runep-
TOHWYECKOI aHrvonatm
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Fig. 2. Fundus photo of the right and the left eyes of patient L., female, 57 years old, group 1, 7" day of the disease. Dilatation of arterioles
and veins with pronounced tortuosity in the left eye

Puc. 2. Qotorpadms rnasHoro AHa NpaBoro M IeBOro rasa nauuentky J1., 57 net, rpynna 1, 7-e cyTku 3abonesanus. [lunataums aptepuon
1 BEH C BbIPaYKEHHOMN U3BUTOCTLIO Ha NIEBOM rflasy

Fig. 3. Ocular fundus photo of the right eye, group 1: @ — patient R., female, 79 years old, 5" day of the disease. Dilatation and pathologi-
cal tortuosity of arterioles and veins, multiple preretinal and some linear intraretinal hemorrhages near the optic disc; b — patient Ts.,
female, 66 years old, 3" day of the disease. Dilatation and pathological tortuosity of arterioles and veins, multiple round intraretinal
hemorrhages near the optic disc and along the vascular arcades

Puc. 3. Ootorpadms rnasHoro AHa npasoro rnasa, rpynna 1: a — nauwentka P., 79 net, rpynna 1, 5-e cytku 3aboneBanus. Qunataums
W NaTo/IOrMYECKas M3BMTOCTb apTEPUON U BEH, CBEXME MHOKECTBEHHbIE NPEPETUHASIbHBIE M eAVHWYHbIE LUTPUX00Opa3Hble MHTpapeTUHab-
Hble KpOBOM3NMAHWSA BOIM3M AMCKa 3pUTeNIbHOrO0 HepBa; b — naumenTa L., 66 net, 3-u cyTku 3aboneBaHus. [lunataums u natonorudeckas
WU3BUTOCTb apTEPUOST U BEH, CBEXXME MHOXKECTBEHHLIE OKPYITIble MHTPapeTUHAMbHbIE KPOBOW3MMSHWSA BOM3M [MCKA 3pUTENBHOMO HepBa
W 10 X0JY COCYAMCTbIX apKaz

Fig. 4. Fundus photos of the group 1 patients: a — patient Z., female, right eye, 63 years old, 2" day of the disease. Along the edge of the
optic disc there is a flame-shaped hemorrhage; b — patient S., female, left eye, 59 years old, 1* day of the disease. There is a peripapillary
cotton wool spot along the inferior nasal arcade, pathological tortuosity of arterioles and irregular caliber of venules

Puc. 4. OoTorpadum rnasHoro fHa naumeHToB rpynnbl 1: @ — nauumeHTKa 3., Npa.bliii mas, 63 rofa, 2-e cyTku 3abonesaHus. Mo Kpato
[JVCKa 3pUTeSIbHOr0 HepBa — M0JI0CHATOE KPOBOU3NMAHME B BUAE Ma3Ka; b — nauvenTka C., neBbiit rnas, 59 ner, 1-e cyTku 3abonesaHms.
OTMeyaeTcs HeXHblil BaTOOBPa3HbIA oYar MepuUnanuINsPHO MO HUKHE-Ha3asbHOW apKajde, MaTonoruyeckas M3BMTOCTb apTepuon
1 HepaBHOMEPHbIiA Kanubp BeHyn

DAl https://doiorg/1017816/0V627137
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Fig. 5. Fundus photo of the right and left eyes of patient 0., female, 77 years old, group 2, 7" days of the disease. Abnormally tortuous
retinal arterioles and venules and irregular caliber of vessels along their entire length are visualized

Puc. 5. ®oTorpadus rnasHoro [Ha npaBoro M NeBoro rasa naumnenTku 0., 77 neT, rpynna 2, 7-e cyTku 3aboneBanus. Busyanuaupytotcs
aHOMaJbHO U3BUTLIE PETUHAJIbHbIE apTepUOsTbl U BEHYJIbI, HEpaBHOMEPHbIA Kanubp COCYLOB Ha BCEM UX MPOTSMHEHWM

Fig. 6. Fundus photo of the right and left eyes of patient L., 51 years old, group 2, 2" day of the disease. Abnormally tortuous retinal
arterioles and venules, irregular caliber of vessels along their entire length are visualized, in the right eye there is a perivascular shea-
thing along the 2" order arterioles

Puc. 6. ®otorpacms rnasHoro fHa npaBoro W ieBoro rnasa nauuenta J1., 51 rog, rpynna 2, 2-e cyTku 3abonesaHus. Busyanuaupytotcs
aHOManbHO W3BUTLIE PETUHAMbHBIE aPTEPUObI U BEHYNbI, HEPAaBHOMEPHBIN Kannbp COCynoB Ha BCEM UX MPOTSXKEHWUM, HA NPaBOM rnasy
BLOJb apTEPMON [1Ba NOPAAKA NOJOChI CONPOBOXAEHMS

Fig. 7. Fundus photo of the female patient’s R. left eye, 69 years old, group 2, 6" day of the disease: @ — large cotton wool spot
along the superior temporal branch of the central retinal artery. At the border of the lesion, in the area of arteriole’s bifurcation,
a yellowish embolus is visualized; b — along the inferotemporal branch of the central retinal artery, in the area of bifurcations, there
are 2 more yellowish emboli

Puc. 7. ®oTorpadus rnasHoro fHa NeBoro rnasa naumeHTku P., 69 net, rpynna 2, 6-e cyTKM 3ab0/1eBaHust; @ — KPYMHbIi BaTo0Opa3Hbli
oyar B0/b BEPXHEBMCOYHOMN BETBM LieHTpasbHON apTepum ceTyaTku. Ha rpanuue ouara B obnactv budypKaLumm aptepuorbl B e€ npocsete
BM3YaNM3MpYeTCA EeNToBaThi 3MO0NT; b — N0 XOLY HUKHEBMCOUYHOMN BETBU LEHTPasbHOM apTepuy ceTyaTku B 0bnactn oudypraumii ewwé
[Ba JKesToBaTbIx 3Mbona

DAl https://doiorg/1017816/0V627137
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Fig. 8. Fundus photo of groups 2 patients: @ — patient N., female, 64 years old, left eye, 3¢ day of the disease. Large fusiform hem-
orrhage along the superior temporal vascular arcade; b — patient N., male, 81 years old, right eye, 2" day of the disease. A cotton
wool spot at the border of the optic disc, partially covering a 3™ order venule

Puc. 8. ®oTorpadum rnasHoro fHa naumeHToB rpynmbl 2: @ — naumeHTka H., 64 roaa, nesbii rnas, 3-u cyTku 3abonesanus. KpynHoe
BEpeTEHO0DbpasHoe KPOBOM3MMAHME MO XO4Yy BEPXHEBMCOYHOM COCYAMCTON apkanbl; b — naumeHT H., 81 roa, npasbiit rnas, 2-e CyTku
3abonesaHns. BatoobpasHbli ouar Ha rpaHuLe AMCKa 3pUTENbHOM0 HepBa, YaCTUYHO MPUKPLIBAIOLLMIA BeHYNY 3-ro nopsaKa

Fig. 9. Fundus photo of the female patient’s F. right eye, 72 years old, group 2: @ — 3 day of the disease, there is a large
intraretinal hemorrhage at the level of the retinal nerve fiber layer along the inferotemporal vascular arcade, a cotton wool
spot along the superotemporal vascular arcade, pathological tortuosity of the arterioles and dilatation of the retinal veins;
b — 30" day of the disease, complete resorption of the hemorrhage, pathological tortuosity of the arterioles and dilatation of the
retinal veins still remain

Puc. 9. Qotorpadms rnasHoro fHa npasoro rnasa nauveHtku ®@., 72 net, rpynna 2: @ — 3-u CYTKM 3aboseBaHus, 0TMEYaeTCs Kpyn-
HOEe MHTPapeTUHa/bHOE KPOBOM3NMSHME HA YPOBHE CNOS HEPBHbIX BOSIOKOH CETYaTKM MO XOZY HWMHEBMCOYHONM COCYAMCTON apKapbl,
BaT000Pa3HbIi o4ar Mo Xo4y BEPXHEBMUCOYHOM COCYAMCTON apKagbl, NaToorMyeckas U3BUTOCTb apTepuoN M pacLUMpeHne BEH CETYaTKY;
b — 30-e cytku 3aboneBaHus, NonHas pe3opoLns KPOBOU3NUAHUS, NATONOMMYECKas M3BUTOCTb apTEPUON U PaCLUMPEHNE BEH CETYATKY
coXpaHsieTcst

DISCUSSION

the ICU. They appeared to be due to different treat-

ment approaches based on different versions of the
guidelines.

Notably, in patients with fundus changes, a higher
proportion received treatment in the ICU in Group 1 than
in Group 2 (37% vs. 17%; p < 0.001); however, patients
with identified changes in Group 2 were more likely to re-
ceive anticoagulants in therapeutic doses (33% vs. 12%;
p < 0.001) (Table 4).

Fundus findings in both groups were similar, but their
frequency in Group 1 was significantly higher, 17.3% ver-
sus 12.7% in Group 2 (p < 0.001).

DAl https://doiorg/1017816/0V627137

Microangiopathy signs, cotton wool spots and tortu-
ous retinal vessels in COVID-19, were initially described
as individual clinical cases [9-11].

In the literature, limited data is available on observa-
tional fundus studies in patients with COVID-19 in the red
zone. Two studies were performed in Brazil in 2020-2021
and included patients with moderate to severe COVID-19
and disease duration up to 15 days. The sample sizes
did not exceed 18 and 25 patients, respectively, and
patients with DM and hypertension were not excluded.
The authors obtained different results on the retinopathy
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frequency: 55% in the first study [12] and 12% in the
second [13].

Several foreign ophthalmologists reported similar re-
sults with limited observational data. The frequency of
fundus changes presumably associated with coronavirus
infections ranged from 11% to 35% [14-20]. This result
variability seems to be caused by small sample sizes
and different study designs. The main large studies as-
sessed the frequency of retinal changes in patients after
COVID-19 during the recovery period (30 to 45 days after
the disease onset).

The most famous study SERPICO19 (ScrEening the
Retina in Patients with COVID-19) examined 56 patients
recovering from COVID-19, and retinal hemorrhages
(9.25%), cotton wool spots (7.4%), and dilated veins
(27.7%) were significantly more common in these patients
than in the control group [21]. Similar retinal changes
were detected in 12% of patients after COVID-19 (Lan-
decho et al.) [22]. These changes had no specific nature,
and some examined patients had DM and hypertension;
therefore, the relationship with infectious disease was
not considered reasonable.

The only study with DM and previous HHD as non-
inclusion criteria was performed by Sim et al. [23]; the
results confirmed COVID-19-associated retinopathy in
11.6% of patients.

Our study aimed to evaluate the fundus in all patients
admitted to the infectious department with confirmed
COVID-19 within 7 days of the disease onset. The study fea-
tures were the largest samples of all previously reported
studies performed during the acute phase of the disease
and different time periods of the COVID-19 pandemic.

Patients with concomitant cardiovascular diseases
were not excluded from the study because by analyz-
ing each individual clinical case and dividing patients
into subgroups during the examination, we managed to
determine the frequency of changes considering other
contributing factors. Thus, in patients with signs of reti-
nopathy, DM and hypertension were significantly less
common in both groups, and stress-induced hyperglyce-
mia was not reported. Notably, signs of angiopathy and
retinopathy were more common in older patients who
required transfer to the ICU and anticoagulants in thera-
peutic doses less often. This indirectly confirms that the
fundus changes are related to the infection, rather than
comorbidities [24].

The frequency of angiopathy and retinopathy signs in
patients during acute coronavirus infection-17.3% in 2021
and 12.7% in 2023 — is completely comparable with the
data from similar studies. The frequencies of changes,
such as angiopathy, cotton wool spots, and retinal hem-
orrhages, were nearly similar in all groups, which may
indirectly indicate that the new strains of coronavirus in-
fection still affect the vascular system and can damage
the retina.

Tom 17.N? 2, 2024
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The nature of the identified hemorrhages suggests
that they can result from a rapid and significant increase
in retinal venous pressure. The revealed changes are not
typical for diabetic or hypertensive retinopathy. To bet-
ter understand this condition, a larger group of patients
should undergo a more thorough examination at an early
stage of COVID-19, including optical coherence tomog-
raphy angiography, tonometry, assessment of episcleral
venous pressure, etc.

It is of interest to assess a possible relationship be-
tween retinal hemorrhages in patients with COVID-19 in
the ICU and signs of increased intrathoracic pressure.
This assumption is supported by the occurrence of uni-
lateral and simultaneous hemorrhages during the acute
disease, no evidence of impaired inner blood-retinal bar-
rier, time to complete resorption of up to 30 days, and
no relapses. Cotton wool spots in these patients clearly
indicates capillary non-perfusion, which has already been
confirmed by previous studies [25].

This study was pilot, and the comparison of changes
in the posterior segment during different periods of the
COVID-19 pandemic have not been published before in
foreign and Russian literature, and therefore are unique.

FINDINGS

1. Fundoscopy in patients with acute moderate to se-
vere COVID-19 during the pandemic of 2019 and 2023
revealed dilated and tortuous retinal arterioles and veins,
hemorrhages in the superficial retina layers (6.5 and
3.6%), and cotton wool spots (4.3 and 5.4%).

2. The frequency of COVID-19-associated retinopathy
in people receiving treatment in the infectious depart-
ment, including ICU, was 17.3% in 2021 and 12.7% in
2023 (p < 0.001).

3. In 2023, the frequency of COVID-19-associated
retinopathy slightly decreased, but its main manifesta-
tions remain the same.

CONCLUSION

The main characteristics of COVID-19-associated
retinopathy in patients with acute moderate to severe
COVID-19 are dilated and pathologically tortuous retinal
arteries and veins, intraretinal hemorrhages, and cotton
wool spots. No relationship between COVID-19-associat-
ed retinopathy and cardiovascular disease related to in-
fection has been established. Despite completely similar
clinical manifestations, COVID-19—-associated retinopathy
was significantly more common in 2021 than in 2023.
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