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The new coronavirus disease (COVID-19) is a viral respiratory infection accompanied by systemic “endotheliitis”.
COVID-19 patients usually encounter changes related to hypercoagulability, hypofibrinolysis, and increased intravascular
platelet aggregation. There is also a vascular wall thromboresistance decrease and impaired vasomotor function, which
significantly increase the risk of thromboembolic complications. Currently, pathogenic aspects of the relationship between
COVID-19 and vascular and inflammatory conditions of the optic nerve and retina are actively investigated. One of the
triggers of impaired blood flow in ocular vessels may be a perfusion pressure decrease, observed in the acute period of
the infectious process. This is related to both COVID-19 clinical course features and to resuscitation specificity as well.
Secondary autoimmune inflammation is being considered as a mechanism of damage to the vascular wall in the post-in-
fectious period. In this publication, possible pathogenic links of these diseases are considered for the first time in a specific
context of the example of ischemic optic neuropathy associated with coronavirus infection.
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COVID-19 Kak HoOBbI paKTOp PUCKa pa3BUTUA
OCTPbIX COCYAMCTbIX 3aboneBaHui 3puTeNIbHOIO HepBa
U CeTYATKM
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HoBas KopoHaBupycHas uH@ekuma (COVID-19) — 3To BMpYcHoe pecriMpatopHoe 3aboneBaHWe, COMPOBOMKAAIOLLEECS
CUCTEMHBIM «3HA0TeNUUTOM». Y nauueHToB ¢ COVID-19 Hepeako HabnofalTcA U3MEHEHWA, CBA3AHHbIE C rMNepKoary-
nAumnen, runodUbpMHONN30M, MOBLILLEHUEM BHYTPUCOCYAMCTON arperaumy TpOMBOLMUTOB, TaKkKe MPOUCXOAUT CHUMKEHUE
TPOMOOPE3UCTEHTHOCTM COCYAMUCTOW CTEHKM U HapyLUeHUe Ba30MOTOPHOM (YHKLMK, YTO 3HAUMMO YBE/IMYMBAET PUCK pa3-
BUTUA TPOMOO3IMBONIMYECKMX OCNOMHEHUIA. B HacToALLee BpeMA aKTUBHO M3Y4aloTCA NaTOrEHETUYECKUE acmeKThl CBA3M
COVID-19 ¢ cocyamcTbIMM 1 BOCMANWUTENBHBIMU MOPAXKEHNAMMN 3pPUTENBHOMO HEpBa M ceT4aTkW. OOHWMM U3 TPUITepoB Ha-
PYLUEHMA KPOBOTOKA B COCY,ax rfla3a MOXKET CTaTb CHUMEHWE Nephy3MOHHOM0 AaBNieHUsA, HabniofaemMoe B OCTpLIN Nepros,
MHEKLIMOHHOrO npoLiecca. 310 CBA3AHO KaK C 0COBEHHOCTbIO ero KAMHUYECKOr0 TeYEHUS, TaK M €O cneuuduKon npoBo-
OVMMBIX peaHUMaLMOHHBIX MeponpuATUIA. B KauecTBe MexaHM3Ma MoparKeHUA COCYAUCTOM CTEHKM B MOCTUHOEKLMOHHOM
nepuoje, paccMaTpuBaeTcA eé BTOPUYHOE ayTOMMMYHHOE BocrmaneHue. B naHHo nybnamkauum Bnepsbie Ha NpuMepe ac-
COLMMPOBAHHOMN C KOPOHABMPYCHOW MHEKLIMEN ULLEMUYECKOWM HEMPOONTMKONATMEN PAacCMATPMUBAIOTCA BO3MOXKHbIE NMaTo-
FEHETUYECKUE CBA3M 3TUX 3ab0N1EBaHMN.
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INTRODUCTION

In November, 2019, in China, first cases of a new
infection were registered, which proceeds as an acute
respiratory syndrome with atypical pneumonia. Later, this
disease received the name of new coronavirus infection
COVID-19 (COrona Virus Disease 2019). The disease is
induced by a new coronavirus type SARS-CoV-2 (Severe
acute respiratory syndrome-related coronavirus 2).

Because of high contagiosity and rapid rise in af-
fected people number in the whole world, on March 11%,
2020, the World Health Organization announced the start
of COVID-19 [1]. The disease prevalence continues to
grow, during a year from March, 2020, the number of
COVID-19 new cases increased to more than 200 times,
and in March, 2021, it was more than 116 million people,
and at that point the number of deaths, associated with
COVID-19, already reached 2.5 million [1].

According to modern concepts, COVID-19 is a viral
respiratory disease accompanied by the involvement
into process of the vascular wall's endothelium (local
and/or systemic “endoteliitis”), and the development of
related hypercoagulation syndrome [2]. In compliance
with Russian guidelines on COVID-19 prophylaxis, diag-
nosis, and treatment, 4 severity degrees of the disease
are distinguished: mild, moderate, severe, and critical.
The COVID-19 severity degree is determined by the level
of body temperature, respiratory rate, blood oxygenation
level, features of pulmonary tissue changes according
to computed tomography data, as well as by presence
of complications. The increased risk group includes pa-
tients with such concomitant diseases as diabetes mel-
litus (DM), arterial hypertension (AH), metabolic syn-
drome, dyslipidemia, and more [3]. Concomitant diseases
in COVID-19 are related to significant mortality increase [4].
Like this, the mortality among patients without concomi-
tant diseases amounts to 0.9%, and in presence of non-
compensated DM and arterial hypertension, reaches 7.3
and 6%, respectively [5].

The main causes of death in COVID-19 are tromboem-
bolic complications, respiratory and multi-organ failure
[6].

The introduction of the SARS-CoV2 into the human cell
occurs by the way of angiotensin-converting enzyme 2
(ACE-2). ACE-2 receptors are extensively revealed in the
vascular endothelium, therefore highly vascularised or-
gans and tissues, including the brain and the eye, become
the main target organs in COVID-19 [7].

Many authors consider retinal changes in patients
with coronavirus disease as manifestations of systemic
endotheliitis. First communications about “post-COVID
retinopathy” appeared in March, 2020, in The Lancet.
Authors described cotton-wool spots and intrareti-
nal hemorrhages in the retina of 4 out of 12 patients
with COVID-19 [8]. Later, such changes were found by
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other ophthalmologists, who associated their appearance
with significant impairment of retinal perfusion [9-11].
The most large scale in this area is SERPICO-19 (ScrEen-
ing the Retina in Patients with COVID-19), which revealed
a pathological venous dilation in 27.7% of examined pa-
tients after COVID-19, 7.4% had cotton-wool spots as
well, and in 9.3% there were intraretinal hemorrhages.
The degree of retinal changes correlated with the severity
degree of the underlying disease [12].

Under COVID-associated conditions the development
of paracentral acute middle maculopathy / acute macu-
lopathy neuroretinopathy [13], retinal vein and retinal
artery occlusions [14-17], and inflammatory diseases of
retinal vessels and the optic nerve [18] are subsumed.

The question about the relation of the above men-
tioned conditions to COVID-19 still remains under dis-
cussion.

Therewith it is not possible to deny that in COVID-19,
there are pathogenic predispositions to the development
of these ophthalmic conditions. They could be related
both with clinical features of the disease itself and with
nuances of patients’ treatment.

Important conditions for the development of all acute
vascular eye diseases are: increase of the prothrombotic
potential (both systemic and local) and decrease in per-
fusion pressure (sharp or moderate, but longstanding).
Both may be in evidence at new coronavirus infection. Let
us consider them in succession.

Due to the downregulation of ACE-2 activity by the
SARS-CoV-2 in COVID-19, in the organism, the balance
in the action of the renin-angiotensin-aldosterone system
(RAAS) changes in the direction of main angiotensin Il
effects: vasoconstriction, proliferation, fibrosis, and in-
flammation maintenance [19]. This, therefore, increases
the systemic vascular resistance. Endothelial impairment
in the “endoteliitis” form in COVID-19 is accompanied by
systemic microvascular dysfunction. Impairment of the
vasomotor regulation leads to vasoconstriction, and im-
pairment of the barrier function of the endothelium and
sub-endothelial structures leads to the rise of interstitial
edema and triggers the cascade of inflammatory reac-
tions. Increase of platelet adhesion factors’ synthesis and
decrease of tissue plasminogen activator level is accom-
panied by procoagulation potential enhancement and by
decrease of vascular thromboresistance. For a total, all
changes listed above create the conditions for the devel-
opment of thromboembolic complications [20]. A signifi-
cant inflammatory component that is concomitant to this
process and developing in some cases as a hyperreac-
tion - a cytokine storm, leads to the vicious cycle closure
and to the development of systemic endotheliopathy and
multi-organ system failure [21].

Currently, several mechanisms of SARS-CoV-2 virus
action on the endothelium are under consideration. Main
versions include the direct viral injury, presenting itself
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as a rule in the acute phase of the disease, and the im-
mune regulation impairment with the development of au-
toimmune inflammation occurring in the late period of the
disease. This explains a high number of thromboses and
vasculitides both in the acute phase of the viral disease
and during the period after recovery. Most dangerous in
regard to remote complications is thought to be the con-
valescence period (first 40-50 days) [14].

Concerning perfusion pressure in vessels generally,
it depends on the difference between arterial and venous
pressure. In this connection, the perfusion pressure in
ocular vessels and in those in the intraorbital part of the
optic nerve depends on the difference between the pres-
sure in the short posterior ciliary arteries and the central
retinal artery, and the venous pressure, but with consid-
eration of I0P. The drop of pressure in the arteries men-
tioned before in the first instance may occur as a result
of spasm/stenosis or embolism of the ophthalmic artery,
internal and/or external carotid artery. The venous pres-
sure rise in the central retinal vein and in the orbital veins
is most often related to inflammation in them, to outflow
impairment as a result of external compression, or to
cavernous sinus thrombosis. These processes may be ex-
acerbated by some therapy features in patients with mod-
erately severe or severe coronavirus infection course [22].
The role of the so-called Valsalva syndrome occurring
in pulmonary ventilation in the patient’s prone position
is currently widely debated as the main cause of venous
pressure and IOP rise in patients with COVID-19 [23].
The blood gas composition plays also a considerable
role [23].

As a demonstration of above-mentioned, we present
a clinical case of ischemic optic neuropathy development
in a patient after COVID-19. This is a first description of
ischemic optic neuropathy associated to coronavirus in-
fection.

CLINICAL CASE DESCRIPTION

Patient V., 61 year old male, underwent in-patient
treatment during 25 days with diagnose of “new coronavi-
rus infection COVID-19, severe course, taking the form of
bilateral polysegmental community-acquired pneumonia,
complicated by 2™ degree respiratory failure”. Concomi-
tant diseases: diabetes mellitus type 2, abdominal obe-
sity of degree I, arterial hypertension stage lll, coronary
heart disease, atherosclerotic cardiosclerosis, and level
[l chronic heart failure.

Because of the increase in volume of pulmonary tis-
sue lesion according to computerized tomography (CT)
data and augmentation of respiratory failure events, the
patient from Day 10 through Day 20 of the disease stayed
at the intensive care unit, under noninvasive ventilatory
support. According to the Guidelines on COVID-19 pro-
phylaxis, diagnosis and treatment and in view of high
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glycemia level, a transition to insulin pump therapy was
performed; the patient received a corticosteroid and anti-
coagulant therapy course. Among clinical features of the
disease, one should note high glucose serum level (up to
19.96 mmol/l), hyperfibrinogenemia, and hypercholester-
olemia.

The patient was discharged in relatively satisfactory
condition on Day 25 with recommendations to continue the
combined hypoglycemic therapy regimen, which included
oral hypoglycemic preparations and insulinotherapy.

In 2.5 weeks, waking-up in the morning, the patient
noticed visual acuity decrease and pain behind the right
eye. Detailed ophthalmologic examination [visual acuity
testing, biomicroscopy, ophthalmoscopy, optical coher-
ence tomography (OCT), B-scanning] did not show any
signs explaining the symptoms. Corrected visual acuity
was 1.0 on both eyes. On the fundus of the right eye,
there was blurring of optic disc margins on its nasal side,
and on both eyes changes were noted that are charac-
teristic for non-proliferative diabetic retinopathy, compli-
cated on the left eye by macroaneurysm formation.

On purpose of diagnosis specification, magnetic-res-
onance imaging (MRI) of the brain, magnetic resonance
angiography (MRA), as well as complete blood count and
blood chemistry test were performed.

At brain MRI, no signs of space-occupying lesions or
focal abnormalities of the brain were revealed, therewith
an enlargement of the right optic nerve retrobulbar seg-
ment up to 6.6 mm in comparison to that of the left optic
nerve (6.3 mm). There were no changes in signal intensity
from optic nerve tissue found. MRA did not reveal any
hemodynamically significant stenoses, aneurisms, and
vascular malformations.

In spite of combined hypoglycemic therapy worked
out at the hospital the glucose level stayed high, up to
10.83 mmol/l, and the HbA1c level was 10.0%. Hyper-
cholesterolemia detected before persisted (6.30 mmol/l);
a decrease in glomerular filtration rate was noted, up
to 64 ml/min. In complete blood count, there were no
significant deviations from reference data.

During following 5 days, visual acuity of the right eye
lowered up to hand motion. I0P (P;) was 15 mm H on the
right eye, 16 mm Hg on the left eye. Threshold perim-
etry did not reveal significant abnormalities on the left
eye, it was not possible to perform the test on the right
eye. Among clinically significant changes: relative affer-
ent papillary defect appeared on the right side, papilla
became pale, its prominence significantly increased due
to the edema of the optic nerve tissue [maximal promi-
nence above the pigment epithelium up to 764 pm (Fig. 1)]
and peripapillary retinal edema. Because of central reti-
nal vein compression, the diameter of veins increased,
appeared their pathological tortuosity and a flame shaped
hemorrhage on the optic disc margin (Fig. 2, @). Ophthal-
moscopic picture of the left eye underwent no substantial
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Fig. 1. OCT of both optic nerve heads, 5 days after first symptoms.There is a significant increase of the retinal nerve fiber layer’s thick-
ness in the peripapillar area of the right eye, protruding of the optic nerve tissue into the vitreous. Morphometric indices of the optic

nerve head of the left eye - within the expected range for age

Puc. 1. [JaHHble ONTUYECKOW KOFepeHTHOVI TOMOI'pa(I)VIVI [AWUCKa 3pUTeNbHOro HepBa oboux rnas nauueHTa, 9-e CYTKM nocne noABeHnA
anob. 0TMeueHo 3HauyMMoe yBe/In4eHne TOJILWMHbI C/10A HEPBHbIX BOJIOKOH CETYATKM NnepunanuiiapHo Ha nNpaBoM rna3sy, NnpoOMUHN-
poBaHWe TKaHU 3pUTENbHOI0 HepBa B CTEKNOBUAOHOE Teno. M0p¢OMETpVHECI'(VIE NoKasatenu gUCKa 3puTeibHOro Hepea J1eBOro rnasa

B Npeieiax BO3pacTHOM HOpMbI

transformation (Fig. 2, b). Clinical picture clearly corre-
sponded to the diagnosis of anterior ischemic optic neu-
ropathy (AION), at that, complaints on pain deep in the
orbit and the increase in diameter of the intraorbital optic
nerve part, not characteristic for this disease, demanded
to exclude an ischemic/inflammatory retrobulbar optic
nerve lesion.

With this in mind, multispiral CT of the orbits was
performed, which confirmed the optic nerve enlargement
in its retrobulbar segment up to 6.7 mm (normal range
4.7-6.3 mm) without any signs of compression in the op-
tic canal. There were no pathologic changes concerning
left optic nerve. The retrobulbar fat volume was sym-
metric from both sides; there were no deformations of
the bony walls of the orbit noted.

In spite of fairly rapid positive dynamics of the fundus
picture and of the optic nerve morphometric parameters’
changes [according to OCT data, the optic nerve head's
prominence decreased to 395 pm (Fig. 3)] on the back-
ground of glucocorticosteroid therapy, no functional an-
swer was received.

DOl https://doi.org/10.17816/0V64115

Fig. 2. Fundus photo, 5 days after first symptoms. Right (a) and
left (b) eye fundi status. In both eyes, there are signs of non-
proliferative diabetic retinopathy: intraretinal hemorrhages, single
cotton-wool spots and hard exudates. On the right eye, optic disc
edema and paleness with a hemorrhage are present. On the left
eye, along the upper nasal vascular arcade, there is a single mac-
roaneurysm surrounded by hard exudates

Puc. 2. Oynayc-¢oto rnasHoro fHa naumeHTa Ha 5-e CyTKM no-
cne noseneHus anob. CoctoAHMe rnasHoro fHa npasoro (a)
u nesoro (b) rnas naumenta. Ha obowx rnasax Habniogaiotcs
MpOABNEHWA HenponMepaTUBHOA A1abeTUHECKO peTMHONATUM:
MHTpapeTUHaNbHbIE KPOBOMU3NMUAHMSA, eAMHUYHbIE BaTOOOpa3sHble
¥ TBEpAble 3KccyAathl. Ha npaBoM rnasy — oTéK W nobnenHe-
HWe OMCKa 3pUTeNbHOrO Hepea c remopparuei. Ha nesoM rnasy
1o X0y BepXHe-HOCOBOM COCYAMCTOM apKadbl eAMHUYHAA MaKpo-
aHEeBPW3Ma, OKPYKEHHaA TBEPALIMM JKCCyAaTaMu
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Fig. 3. OCT of both optic nerve heads, 6 months after the first examination. The neuroretinal rim thickness and that of the retinal nerve fiber
layer in the parapapillar area of the right eye are significantly thinned, cup-to-disc ratio is increased up to 0.7. Morphometric indices of the
optic nerve head of the left eye - within the expected range for age, without any dynamic changes when compared to the first examination
Puc. 3. [JaHHble OnTUYECKOI KOrepeHTHOM ToMorpaum AMCKa 3pUTeNbHOr0 HepBa 060MX /a3 NaLMeHTa, 0CMOTP B AMHAMMKe Yepes 6 Mec.
HelipopeTuHanbHbI NOACOK W CIOM HEPBHLIX BOMIOKOH CETYATKM NapananuiapHO Ha MPaBoM /a3y 3Ha4YMMO WUCTOHYEHbI, OTHOLLEHWA
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HepBa fIeBOro rNa3a B Npejenax BO3PacTHOM HOPMbI, 63 AMHaMUUYECKUX U3MEHEHUI B CPABHEHMM C NEpPBbIM 06CNeL0BaHMEM

a b

Fig. 4. Fundus photo, 6 months after the first examination.
Right (a) and left (b) eye fundi status. On the right eye, a partial
regression of retinal changes, atrophic optic nerve head changes
may be noted. Significant angiosclerosis, “copper wire” sign on the
2nd and 3rd range arterioles are present. On the left eye, there
is a macroaneurism regression, more retinal hemorrhages in the
posterior pole and in the lower periphery

Puc. 4. OyHayc-¢oTo rnasHoro gHa maumeHTa yepes 6 Mec.
nocne neporo ocMoTpa. CocToAHWe rnasHoro AHa npasoro (a)
1 nesoro (b) rnas nauueHTa. Ha npaBoM rnasy otMevaetcs Ya-
CTUYHBIA Perpecc PeTMHanbHbIX U3MEHeHUI, aTpoduyeckme us-
MEHEHMUA AMCKa 3pUTENbHOTO HepBa. [PUCYTCTBYET BbIparKeHHbI
aHrMoCKNepo3, CUMMNTOM «MefHOM MPOBOMOKMU» Ha apTepuonax
BTOPOro U TPeTbero nopAgKa. Ha neBoM rnasy — perpecc Maxpo-
aHeBPU3Mbl, YBENMYEHWE PETUHANBHBIX KPOBOU3NUAHWIA B 3a[JHEM
nostoce 1 no nepupepumn cHU3y

DOl https://doi.org/10.17816/0V64115

After 6 months, the visual acuity of the right eye still
remained hand motion. There were signs of optic nerve
atrophy with characteristic changes, such as pale optic
disc, parapapillary nerve fiber layer thinning (Fig. 4, a).

On the involved eye a rapid progression of retinal an-
giosclerosis was observed. In the course of 6 months,
almost all 2" order and 3™ order arteries took on the
silver wire and copper wire appearance with partial blood
flow preservation. A practically complete disappearance
of diabetic retinopathy signs on this eye should be noted.

At angio-0CT performed at the same time point
(6 months), a significant decrease in retinal capillar-
ies density and perfusion decrease, both in parapapil-
lary (Fig. 5), and macular areas (Fig. 6). Secondary optic
nerve atrophy is a typical outcome of AION. Not typical
are enlargement of optic disc excavation, progressing
atherosclerotic changes, and diabetic retinopathy re-
gression only in one eye. The explanation for it possibly
is an ischemia of the right eye caused by prior vascular
accident.

On the left eye, there were no significant changes over
the specified period (Fig. 4, b).

Because of persistent hyperglycemia (serum glucose
20.97 mmol/l, HbATc level 12.1%), hypercholesterolemia
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Fig. 5. AngioOCT of the optic nerve head, 6 months after the first examination. Optic nerve head perfusion indices of the right (a) and
left (b) eye. Mean values of perfusion density are 32.9 and 40.5 %, respectively

Puc. 5. [laHHble onTUYecKoi KorepeHTHOM ToMorpaduu B peuMe aHrnorpadum oucka 3puUTeNbHOMO HepBa NalMeHTa Yepes 6 Mec. no-
cne nepBoro ocMoTpa. lNokasatenu nepdy3um aucka 3puUTeNbHOr0 Hepsa npaBoro (a) U nesoro (b) rnas. CpegHue 3HaYeHUsA MAOTHOCTH

nepdy3um coctaBunm 32,9 u 40,5 % cooTBeTCTBEHHO

Fig. 6. AngioOCT of the patient, 6 months after the first examination. Vascular density indices (mm/mm?) of the superficial vascular
plexus in the macular area of the right (a) and the left (b) eye, and vascular density indices of the parapapillary plexus of the right (c)
and the left (d) eye. A decrease in vascular density in all measurement areas on the involved side is noted

Puc. 6. [laHHble OMTUYECKOIN KorepeHTHOM ToMorpaduu B aHrMOpeskiMe MmauyeHTa Yepes 6 Mec. nocse nepBoro ocMotpa. Mokasarenu
COCYMCTOM MNIOTHOCTM (MM/MM?) MOBEPXHOCTHOrO COCYAMCTOrO CMIETEHNA B MaKy/IAPHOI 30He NpaBoro (a) 1 nesoro (b) rnas v nokasa-
TENW COCYLAMUCTOM NIOTHOCTY NapananuiApHOro CieTeHns npasoro (c) u nesoro (d) rnas. 0TMeYaeTcA CHUMEHWE COCYAMCTONM NNIOTHOCTU

BO BCeX y4aCTKax U3MepeHUA Ha CTOPOHEe nopaxKeHuA

(cholesterol 5.90 mmol/l, triglycerides 5.73 mmol/l) and
appearance of cognitive disorder, the patient is referred
for assessment and treatment to diabetologist and neu-
rologist. Taking into account the high risk of neovascular
complications on the right eye and the rapid diabetic reti-
nopathy progression on the left eye, the patient is under
follow-up with recommendation of monthly ophthalmo-
logical control.
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DISCUSSION

The presented clinical case of associated with
COVID-19 ischemic optic neuropathy is interesting from
the viewpoint both of diagnosis and consideration of new
mechanisms of disease development.

As main AION local risk factors anatomical features
of the optic disc structure (small dimensions and drusen)
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are acknowledged [24, 25]. Among systemic risk factors
some systemic metabolic and hemodynamic abnormali-
ties are of importance. Well-recognized causes, promot-
ing blood flow impairment in the optic nerve, are arterial
hypertension and diabetes mellitus [26, 27]. Perfusion
pressure decrease in ocular vessels in its sharp drop
is associated foremost with arterial hypertension [28].
This mechanism is well understood and is beyond argu-
ment. The diabetes mellitus role in the pathogenesis of
ischemic optic neuropathies is more complex.

The meta-analysis of clinical trials dedicated to the
investigation of glycemia level's influence on the AION
development risk showed the high relevance of this in-
dex in the disease development. Most probably, this is
related to the action if increased serum glucose level
on many biochemical processes, BeposTHee Bcero, 370
CBA3aHO C BO3JENCTBMUEM MOBbILIEHHOT0 YPOBHA MIOKO3bl
B KPOBM Ha MHorue 6uoxmmuyeckue npoueccel, finally
leading to oxidative stress and cytotoxic action, which
have an impact on the function of endothelial cells and
pericytes, leading to the breakdown of ocular blood flow
autoregulation [29].

It is to be noted that both the increase and sharp
drop of glycemia level lead to appearance/progressing
of diabetic fundus changes and increase the risk of acute
vascular accident development. This is evident from the
conclusions of ACCORD, a clinical trial stopped early due
to high mortality of patients receiving intensive hypogly-
cemic therapy.

Sharp serum glucose level drop related to the start or
addition of insulin therapy in 10-20% of patients leads to
temporal (3-6 months) worsening of diabetic retinopathy.
Amidst a new coronavirus infection, existing in diabetic
patients impairment of RAAS balance [30] is additionally
exacerbated by SARS-CoV-2 induced ACE-2 dysregula-
tion. This may lead to an appearance or progressing of
pre-existing retinal ischemia, and probably, increase the
risk of optic nerve ischemia development [31]. Taking into
account the initially high glycemia level in the described
patient, it is not possible to exclude a rapid drop of serum
glucose concentration after the switch to insulin therapy in
the ICU. Together with severe COVID-19 course, this could
be a determinant factor of diabetic retinopathy progressing.

Recent studies showed that unlike of most of the vi-
ruses, SARS-CoV-2 and antibodies to it are virtually ab-
sent in the cerebrospinal fluid. There are no reliable data
on its penetration through the blood-brain barrier. But it
is not possible to completely exclude the direct neuro-
tropic action of the virus. RNA of SARS-CoV2 was found
postmortem in retinal neurons in patients, who died of
COVID-19 [32]. Transsynaptic entry of the virus into the
central nervous system (CNS) is already proven for SARS-
CoV1, the same was also believed for SARS-CoV-2 [33].
High prevalence of anosmia in COVID-19 patients is in
favor of viral damage to olfactory mucosa, through which
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the virus is able to penetrate into the CNS neurons trans-
synaptically [34].

One more interesting, but poorly known mechanism
of neural tissue damage and thromboembolism of ce-
rebral vessels is the theory of autoimmune inflamma-
tion that is observed in COVID-19 patients. In presence
of neurologic disorders in COVID-19 patients, in the ce-
rebrospinal fluid, no leucocytosis, pleocytosis, or other
signs indicating a typical course of an inflammatory
process are revealed. At the same time, in a majority
of patients, a significant rise of biochemical inflamma-
tion markers (neopterin and beta2-microglobulin) is
found, indicating the activation of cerebral immune cells.
Moreover, a relation between autoimmune demyelinating
CNS disorders and previous viral infections, including
COVID-19. Two clinical cases of hilateral optic nerve lesion
are described, which were associated with appearance of
antibodies to myelin oligodendrocyte glycoprotein (MOG)
in patients after COVID-19 [35, 36].

Published to this day data allow assuming that the mech-
anism of retina and optic nerve involvement in coronavirus
infection may be more complex than as we know it today.

In the described clinical case, in a patient with diabe-
tes mellitus and arterial hypertension suffering from dys-
lipidemia and obesity, in spite of absence of widespread
local risk factors, there were main predispositions to
AION development. Evolving viral disease COVID-19 led to
the decompensation of chronic diseases, and resuscita-
tion procedures could promote hemodynamic impairment
and drop of perfusion pressure in ocular and optic nerve
vessels. Therewith, the atypical AION clinical picture
could be explained probably by the concomitant autoim-
mune inflammatory process. The inflammation presence
probably explains pain behind the eyeball during the acute
phase of the disease, edema of the intraorbital part of the
optic nerve, and optic nerve atrophy with optic disc cup
formation, which is more characteristic not to the vas-
cular, but to the post-inflammatory optic nerve damage.

AION pathogenesis in COVID-19 is comprehensive and
multifactorial. Hypoxemia, hypofibrinolysis and hyperco-
agulation, impairment of vascular tone regulation, and sys-
temic inflammation may lead to the appearance of atypical
signs of AION and other vascular diseases of the retina and
the optic nerve. Such concomitant conditions as arterial
hypertension, diabetes mellitus, dyslipidemia, and more
could also have an impact on the severity of the infection
itself as well as on the course of the ophthalmic condition.

It is evident that mechanisms of ocular involvement in
COVID-19 demand further investigation and interpretation.
Whereas there is a proven method of visual function res-
toration after AION does not exist, engagement of ophthal-
mologists to work in the department of infectious diseases
could bring a new knowledge and lower risks of retinal
and optic nerve complications in patients with moderately
severe and severe forms of coronavirus infection.




IN OPHTHALMOLOGY PRACTITIONERS

REFERENCES

1. World Health Organization (WHO). Coronavirus disease
(COVID19) pandemic. Available: https://www.who.int/emergencies/
diseases/novel-coronavirus-2019. Accessed: 30.04.2021.

2. COVID-19 and vascular disease. EBioMedicine. 2020;58:102966.
DOI: 10.1016/j.ebiom.2020.102966

3. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting
characteristics, comorbidities, and outcomes among 5700 pa-
tients hospitalized with COVID-19 in the New York City Area. JAMA.
2020;323:2052-2059. DOI:10.1001/jama.2020.6775

4. Nishiga M, Wang DW, Han Y, et al. COVID-19 and cardiovascular
disease: from basic mechanisms to clinical perspectives. Nat Rev
Cardiol. 2020;17(9):543-558. DOI: 10.1038/s41569-020-0413-9

5. Guan WJ, Liang WH, Zhao Y, et al. Comorbidity and its impact
on 1590 patients with COVID-19 in China: a nationwide analysis. Eur
Respir J. 2020;55(5):2000547. DOI: 10.1183/13993003.01227-2020
6. Klok FA, Kruip MJHA, van der Meer NJM, et al. Incidence of
thrombotic complications in critically ill ICU patients with COVID-19.
Thromb Res. 2020;191:145-147. DOI: 10&1016/j.tromres.2020.04.013
7. Zhang J, Xie B, Hashimoto K. Current status of potential thera-
peutic candidates for the COVID-19 crisis. Brain Behav Immun.
2020;87:59-73. DOI: 10.1016/j.bbi.2020.04.046

8. Marinho PM, Marcos AAA, Romano AC et al. Retinal fin-
dings in patients with COVID-19. Lancet. 2020;395(10237):1610.
DOI: 1016/S0140-6736(20)31014-X

9. Caporossi T, Bacherini D, Tartaro, et al. Retinal findings in pa-
tients affected by COVID19 intubated in an intensive care unit. Acta
Ophthalmol. 2020. DOI: 10.1111/a0s.14734

10. Lani-Louzada R, Ramos CdVF, Cordeiro RM, et al. Retinal
changes in COVID-19 hospitalized cases. PLoS ONE. 2020;15(12):
e0243346. DOI: 10.1371/journal.pone.0243346

11. Landecho MF, Yuste JR, Gandara E, et al. COVID-19 retinal mi-
croangiopathy as an in vivo biomarker of systemic vascular disease?
J Intern Med. 2021;289(1):116-120. DOI: 10.1111/joim.13156

12. Invernizzi A, Torre A, Parrulli S, Zicarelli F, et al. Retinal find-
ings in patients with COVID-19: Results from the SERPICO-19 study.
EClinicalMedicine. 2020;27:100550. DOI: 10.1016/j.eclinm.2020.100550
13. Virgo J, Mohamed M. Paracentral acute middle maculopathy and
acute macular neuroretinopathy following SARS-CoV-2 infection.
Eye (Lond). 2020;34(12):2352-2353. DOI: 10.1038/s41433-020-1069-8
14. Sheth JU, Narayanan R, Goyal J, et al. Retinal vein occlusion in
COVID-19: A novel entity. Indian J Ophthalmol. 2020;68(10):2291-2293.
DOI: 10.4103/ijo.1J0_2380_20

15. Invernizzi A, Pellegrini M, Messenio D, et al. Impending Cen-
tral Retinal Vein Occlusion in a Patient with Coronavirus Disease
2019 (COVID-19). Ocul Immunol Inflamm. 2020;28(8):1290-1292.
DOI: 10.1080/09273948.2020.1807023

16. Insausti-Garcia A, Reche-Sainz JA, Ruiz-Arranz C, et al. Papil-
lophlebitis in a COVID-19 patient: Inflammation and hypercoagulable
state. European Journal of Ophthalmology. 2020:1120672120947591.
DOI: 10.1177/1120672120947591

17. Acharya S, Diamond M, Anwar S, et al. Unique case of central
retinal artery occlusion secondary to COVID-19 disease. /DCases.
2020;21: e00867. DOI: 10.1016/j.idcr.2020.00867

18. Quintana-Castanedo L, Feito-Rodriguez M, Fernandez-Alcalde C,
et al. Concurrent chilblains and retinal vasculitis in a child with
COVID-19. Journal of the European Academy of Dermatology and
Venereology. 2020;34(12): e764-e766. DOI: 10.1111/jdv.16801

Vol 14(2) 2021

DOl https://doi.org/10.17816/0V64115

Ophthalmology journal

19. Petrishchev NN, Halepo QV, Vavilenkova YA, et al. COVID-19
i sosudistye narusheniya (obzor literatury). Regionarnoe kro-
voobrashchenie i mikrocirkulyaciya. 2020;19(3):90-98. (In Russ.)
DOI: 10.24884/1682-6655-2020-19-3-90-98

20. Zhang S, Zhang J, Wang C, et al COVID-19 and ischemic
stroke: Mechanisms of hypercoagulability (Review). Int J Mol Med.
2021;47(3):21. DOI: 10.3892/ijmm.2021.4854

21.Li H, Liu L, Zhang D, et al. SARS-CoV-2 and viral sepsis: ob-
servations and hypotheses. Lancet. 2020;395(10235):1517-1520.
DOI: 10.1016/S0140-6736(20)30920-X

22. Bertoli F, Veritti D, Danese C, et al. Ocular Findings in
COVID-19 Patients: A Review of Direct Manifestations and In-
direct Effects on the Eye. J Ophthalmol. 2020;2020:4827304.
DOI: 10.1155/2020/4827304

23. Lecler A, Cotton F, Lersy F et al. Ocular MRI Findings in Patients
with Severe COVID-19: A Retrospective Multicenter Observational
Study. Radiology. 2021:204394. DOI: 10.1148/radiol.2021204394
24. Burde RM. Optic disk risk factors for nonarteritic anterior ische-
mic optic neuropathy. Am J Ophthalmol. 1993;116(6):759-764;
DOI: 10.1016/s0002-9394(14)73478-6

25. Purvin V, King R, Kawasaki A, Yee R. Anterior ischemic op-
tic neuropathy in eyes with optic disc drusen. Arch Ophthalmol.
2004;122(1):48-53. DOI: 10.1001/archopht.122.1.48

26. Characteristics of patients with nonarteritic anterior ischemic
optic neuropathy eligible for the Ischemic Optic Neuropathy De-
compression Trial. Arch Ophthalmol. 1996;114(11):1366-1374.
DOI: 10.1001/archopht.1996.01100140566007

27. Lee MS, Grossman D, Arnold AC, et al. Incidence of non-
arteritic anterior ischemic optic neuropathy: increased risk
among diabetic patients. Ophthalmology. 2011;118(5):959-963.
DOI: 10.1016/j.0phtha.2011.01.054

28. Hayreh SS, Podhajsky P, Zimmerman MB. Role of nocturnal ar-
terial hypotension in optic nerve head ischemic disorders. Ophthal-
mologica. 1999;213(2):76-96. DOI: 10.1159/000027399

29. Chen T, Song D, Shan G, et al. The Association between Diabetes
Mellitus and Nonarteritic Anterior Ischemic Optic Neuropathy: A Sys-
tematic Review and Meta-Analysis. PLoS One. 2013;8(9): €76653.
DOI: 10.1371/journal.pone.0076653

30. Strain WD, Chaturvedi N. Review: the renin-angiotensin-
aldosterone system and the eye in diabetes. Journal of the
Renin-Angiotensin-Aldosterone  System. 2002;3(4):243-246.
DOI: 10.3317/jraas.2002.045

31. Guemes-Villahoz N, Burgos-Blasco B, Donate-Lopez J, et al.
Retinal findings in COVID-19 patients with diabetes mellitus. Diabetes
Res Clin Pract. 2020;168:108395. DOI: 10.1016/j.diabres.2020.108395
32. Casagrande M, Fitzek A, Pischel K, et al. Detec-
tion of SARS CoV 2 in human retinal biopsies of deceased
COVID19 patients. Ocul Immunol Inflamm. 2020;28(5):721-725.
DOI: 10.1080/09273948.2020.1770301

33.Li Y, Bai W, Hashikawa T. The neuroinvasive potential of
SARS-CoV2 may play a role in the respiratory failure of COVID-19
patients. J Med Virol. 2020;92(6):552-555. DOI: 10.1002/jmv.25728
34. Keyhan SO, Fallahi HR, Cheshmi B. Dysosmia and dysgeusia
due to the 2019 Novel Coronavirus; a hypothesis that needs fur-
ther investigation. Maxillofac Plast Reconstr Surg. 2020;42(1):9.
DOI: 10.1186/s40902-020-00254-7

113



114

IN OPHTHALMOLOGY PRACTITIONERS

35. Sawalha K, Adeodokun S, Kamoga GR. COVID-19-Induced
Acute Bilateral Optic Neuritis. J Investig Med High Impact Case Rep.
2020;8:2324709620976018. DOI: 10.1177/2324709620976018

CMUCOK IUTEPATYPHI

1. World Health Organization (WHO) Coronavirus (COVID-19) Dash-
board. Pexkum poctyna: https://covid19.who.int. Jata obpaluenus:
30.04.2021.

2. COVID-19 and vascular disease // EBioMedicine. 2020. Vol. 58.
P. 102966. DOI: 10.1016/j.ebiom.2020.102966

3. Richardson S., Hirsch J.S., Narasimhan M., et al. Presenting
characteristics, comarbidities, and outcomes among 5700 patients
hospitalized with COVID-19 in the New York City Area // JAMA. 2020.
Vol. 323. P. 2052-2059. DOI: 10.1001/jama.2020.6775

4. Nishiga M., Wang D.W., Han Y., et al. COVID-19 and car-
diovascular disease: from basic mechanisms to clinical per-
spectives // Nat Rev Cardiol. 2020. Vol. 17, No. 9. P. 543-558.
DOI: 10.1038/s41569-020-0413-9

5. Guan W.J,, Liang W.H., Zhao Y., et al. Comorbidity and its
impact on 1590 patients with COVID-19 in China: a nation-
wide analysis // Eur Respir J. 2020. Vol. 55, No. 5. P. 2000547.
DOI: 10.1183/13993003.01227-2020

6. Klok F.A, Kruip M.JH.A, van der Meer N.J.M,, et al. Incidence of
thrombotic complications in critically ill ICU patients with COVID-19 //
Thromb Res. 2020. Vol. 191. P. 145-147. DOI: 10&1016/j.
tromres.2020.04.013

7. Zhang J., Xie B., Hashimoto K. Current status of potential thera-
peutic candidates for the COVID-19 crisis // Brain Behav Immun.
2020. Vol. 87. P. 59-73. DOI: 10.1016/j.bbi.2020.04.046

8. Marinho PM, Marcos AAA, Romano AC, et al. Retinal findings in
patients with COVID-19 // Lancet. 2020. Vol. 395(10237). P. 1610.
DOI: 1016/S0140-6736(20)31014-X

9. Caporossi T., Bacherini D., Tartaro., et al. Retinal findings in pa-
tients affected by COVID19 intubated in an intensive care unit // Acta
Ophthalmol. 2020. DOI: 10.1111/a0s.14734

10. Lani-Louzada R., Ramos CdVF., Cordeiro R.M., et al. Retinal
changes in COVID-19 hospitalized cases // PLoS ONE. 2020. Vol. 15,
No. 12. P. e0243346. DOI: 10.1371/journal.pone.0243346

11. Landecho MF, Yuste JR, Gandara E, et al. COVID-19 retinal micro-
angiopathy as an in vivo biomarker of systemic vascular disease? //
JIntern Med. 2021. Vol. 289. No. 1. P. 116-120. DOI: 10.1111/joim.13156
12. Invernizzi A., Torre A., Parrulli S., Zicarelli F., et al. Reti-
nal findings in patients with COVID-19: Results from the
SERPICO-19 study // EClinicalMedicine. 2020. Vol. 27. P. 100550.
DOI: 10.1016/j.eclinm.2020.100550

13. Virgo J., Mohamed M. Paracentral acute middle maculopa-
thy and acute macular neuroretinopathy following SARS-CoV-2
infection // Eye (Lond). 2020. Vol. 34, No. 12. P. 2352-2353.
DOI: 10.1038/s41433-020-1069-8

14. Sheth J.U., Narayanan R., Goyal J,, et al. Retinal vein occlusion
in COVID-19: A novel entity // Indian J Ophthalmol. 2020. Vol. 68,
No. (10). P. 2291-2293. DOI: 10.4103/ijo.1J0_2380_20

15. Invernizzi A., Pellegrini M., Messenio D., et al. Impending Cen-
tral Retinal Vein Occlusion in a Patient with Coronavirus Disease
2019 (COVID-19) // Ocul Immunol Inflamm. 2020. Vol. 28, No. 8.
P. 1290-1292. DOI: 10.1080/09273948.2020.1807023

Vol 14(2) 2021

DOl https://doi.org/10.17816/0V64115

Ophthalmology journal

36. Zhou S, Jones-Lopez EC, Soneji DJ, et al. Myelin Oligoden-
drocyte Glycoprotein Antibody-Associated Optic Neuritis and
Myelitis in COVID-19. J Neuroophthalmol. 2020;40(3):398-402.
DOI: 10.1097/WN0.0000000000001049

16. Insausti-Garcia A., Reche-Sainz J.A., Ruiz-Arranz C., et al.
Papillophlebitis in a COVID-19 patient: Inflammation and hyper-
coagulable state // European Journal of Ophthalmology. 2020.
P. 1120672120947591. DOI: 10.1177/1120672120947591

17. Acharya S., Diamond M., Anwar S., et al. Unique case of central
retinal artery occlusion secondary to COVID-19 disease // IDCases.
2020. Vol. 21 P. e00867. DOI: 10.1016/j.idcr.2020.e00867

18. Quintana-Castanedo L, Feito-Rodriguez M, Fernandez-Alcalde C.,
etal. Concurrent chilblains and retinal vasculitis ina child with COVID-19//
Journal of the European Academy of Dermatology and Venereology.
2020. Vol. 34, No. 12. P. e764-e766. DOI: 10.1111/jdv.16801

19. Netpuwes H.H., Xaneno 0.B., BaBunerkoga 0.A., v gp. COVID-19
¥ cocyamcTble HapyLueHwa (063op auTepatypsl) // PervoHapHoe Kpo-
BoobpaLLeHve 1 Mukpoumprynauma. 2020. Vol. 19, No. 3. P. 90-98.
DOI: 10.24884/1682-6655-2020-19-3-90-98

20. Zhang S., Zhang J., Wang C., et al COVID19 and ischemic stroke:
Mechanisms of hypercoagulability (Review) // Int J Mol Med. 2021.
Vol. 47, No. 3. P. 21. DOI: 10.3892/ijmm.2021.4854

21. LiH, LiuL, Zhang D., et al. SARSCoV-2 and viral sepsis: observa-
tions and hypotheses // Lancet. 2020. Vol. 395(10235). P. 1517-1520.
DOI: 10.1016/S0140-6736(20)30920-X

22. Bertoli F., Veritti D., Danese C., et al. Ocular Findings in
COVID-19 Patients: A Review of Direct Manifestations and Indirect
Effects on the Eye // J Ophthalmol. 2020. Vol. 2020. P. 4827304
DOI: 10.1155/2020/4827304

23. Lecler A, Cotton F. Lersy F., et al. Ocular MRI Find-
ings in Patients with Severe COVID-19: A Retrospective Mul-
ticenter Observational Study // Radiology. 2021. P. 204394.
DOI: 10.1148/radiol.2021204394

24, Burde R M. Optic disk risk factors for nonarteritic anterior ische-
mic optic neuropathy // Am J Ophthalmol. 1993. Vol. 116. No. 6.
759-764. DOI: 10.1016/s0002-9394(14)73478-6

25. Purvin V., King R., Kawasaki A., Yee R. Anterior ischemic optic
neuropathy in eyes with optic disc drusen // Arch Ophthalmol. 2004.
Vol. 122, No. 1. P. 48-53. DOI: 10.1001/archopht.122.1.48

26. Characteristics of patients with nonarteritic anterior ischemic optic
neuropathy eligible for the Ischemic Optic Neuropathy Decompres-
sion Trial // Arch Ophthalmol. 1996. Vol. 114, No. 11. P. 1366-1374.
DOI: 10.1001/archopht.1996.01100140566007

27. Lee M.S,, Grossman D., Arnold A.C,, et al. Incidence of nonarter-
itic anterior ischemic optic neuropathy: increased risk among dia-
betic patients // Ophthalmology. 2011. Vol. 118, No. 5. P. 959-963.
DOI: 10.1016/j.0phtha.2011.01.054

28. Hayreh S.S., Podhajsky P., Zimmerman M.B. Role of noc-
turnal arterial hypotension in optic nerve head ischemic dis-
orders // Ophthalmologica. 1999. Vol. 213, No. 2. P. 76-96.
DOI: 10.1159/000027399

29. Chen T, Song D., Shan G., et al. The Association between Dia-
betes Mellitus and Nonarteritic Anterior Ischemic Optic Neuropathy:
A Systematic Review and Meta-Analysis // PLoS One. 2013. Vol. 8,
No. 9. P. e76653. DOI: 10.1371/journal.pone.0076653




IN OPHTHALMOLOGY PRACTITIONERS

30. Strain W.D,, Chaturvedi N. Review: the renin-angiotensin-aldo-
sterone system and the eye in diabetes // Journal of the Renin-
Angiotensin-Aldosterone System. 2002. Vol. 3, No. 4. P. 243-246.
DOI: 10.3317/jraas.2002.045

31. Guemes-Villahoz N., Burgos-Blasco B., Donate-Lopez J.,
et al. Retinal findings in COVID-19 patients with diabetes mel-
litus // Diabetes Res Clin Pract. 2020. Vol. 168. P. 108395.
DOI: 10.1016/j.diabres.2020.108395

32. Casagrande M., Fitzek A. Piischel K., et al. Detection of
SARSCoV2 in human retinal biopsies of deceased COVID19 pa-
tients // Ocul Immunol Inflamm. 2020. Vol. 28, No. 5. P. 721-725.
DOI: 10.1080/09273948.2020.1770301

33.Li Y, Bai W, Hashikawa T. The neuroinvasive poten-
tial of SARS-CoV2 may play a role in the respiratory failure of

AUTHORS' INFO

*Vadim A. Turgel, postgraduate student;

address: 6-8 L'va Tolstogo str., Saint Petersburg, 197089, Russia;
ORCID: https://orcid.org/0000-0003-3049-1974;

e-mail: zanoza194@gmail.com

Vladimir A. Antonov postgraduate student;
ORCID: https://orcid.org/0000-0002-5823-8367;
e-mail: antonov@alborada fi

Svetlana N. Tultseva, MD, Dr. Sci. (Med.), Professor;
ORCID: https://orcid.org/0000-0002-9423-6772;
eLibrary SPIN: 3911-0704; e-mail: tultceva@yandex.ru

Fedor E. Shadrichev, MD, Cand. Sci. (Med.);
ORCID: https://orcid.org/0000-0002-7790-9242;
eLibrary SPIN: 4465-8381; e-mail: shadrichev_dr@mail.ru

Niurguyana N. Grigorieva, MD, Cand. Sci. (Med.), ophthalmologist;
eLibrary SPIN: 7299-4748; e-mail: grinur@mail.ru

Vol 14(2) 2021

DOl https://doi.org/10.17816/0V64115

Ophthalmology journal

COVID-19 patients // J Med Virol. 2020. Vol. 92, No. 6. P. 552-555.
DOI: 10.1002/jmv.25728

34. Keyhan S.0., Fallahi H.R., Cheshmi B. Dysosmia and dysgeusia
due to the 2019 Novel Coronavirus; a hypothesis that needs further
investigation // Maxillofac Plast Reconstr Surg. 2020. Vol. 42, No. 1.
P. 9. DOI: 10.1186/s40902-020-00254-7

35. Sawalha K., Adeodokun S., Kamoga G.R. COVID-19-Induced
Acute Bilateral Optic Neuritis // J Investig Med High Impact Case Rep.
2020. Vol. 8. 2324709620976018. DOI: 10.1177/2324709620976018
36. Zhou S., Jones-Lopez E.C., Soneji D.J., et al. Myelin Oligodendro-
cyte Glycoprotein Antibody-Associated Optic Neuritis and Myelitis in
COVID-19 // J Neuroophthalmol. 2020. Vol. 40, No. 3. P. 398-402.
DOI: 10.1097/WN0.0000000000001049

Ob ABTOPAX

*Bapum AnekceeBuy Typrenb, acnvpaHT; agpec: Poccua,
197089, CankT-letepbypr, yn. /1. Tonctoro, 4. 6-8, kopnyc 16;
ORCID: https://orcid.org/0000-0003-3049-1974;

e-mail: zanoza194@gmail.com

Bnapgumup AnekcaHppoBuy AHTOHOB, acnMpaHT;
ORCID: https://orcid.org/0000-0002-5823-8367;
e-mail: antonov@alborada.fi

CesetnaHa HukonaesHa TynbLeBa, [1-p Mef. HayK, npodeccop;
ORCID: https://orcid.org/0000-0002-9423-6772;
eLibrary SPIN: 3911-0704; e-mail: tultceva@yandex.ru

Oépop EBreHbeBny Wappuyes, KaHa. Med. HayK;
ORCID: https://orcid.org/0000-0002-7790-9242;
eLibrary SPIN: 4465-8381; e-mail: shadrichev_dr@mail.ru

Hyprysana HukonaesHa puropbeBa, KaH. Mef,. HayK, Bpay;
eLibrary SPIN: 7299-4748; e-mail: grinur@mail.ru

115



