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The COVID-19 pandemic has had signifi cant infl uences on the incidence of acute cerebrovascular accidents 
and the structure of mortality. SARS-CoV-2 increases the risks of developing both ischemic and hemorrhag-
ic stroke. The key pathogenetic element underlying the development of cerebral stroke in COVID-19 con-
sists of impairments to the operation of angiotensin 2 receptors, which are accompanied by accumulation 
of excess quantities of angiotensin 2, endothelial dysfunction, hypercoagulation, overproduction of proin-
fl ammatory cytokines, and an oxidative storm. In patients with stroke and COVID-19, lesion severity is 
associated with dual mechanisms of ischemia – systemic and cerebral. The possibilities of medication-based 
correction of both systemic impairments associated with coronavirus infection and local impairments due to 
ischemic or hemorrhagic brain damage, are limited. Substances with antioxidant activity may potentially be 
effective in patients with stroke and COVID-19. Data from a number of clinical rials indicate that Mexidol 
signifi cantly improves functional outcomes in ischemic stroke. Use of Mexidol in patients with stroke and 
COVID-19 is advised.
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 WHO data indicate that stroke is the second most im-
portant cause of death and the third most important cause of 
disability throughout the world [1]. About 15 million people 
have strokes every day and about six million of these die, 
another fi ve million experiencing persistent severe neuro-
logical defi cit. In Russia, some 450–500,000 strokes are re-
corded annually [2]. In 2013, 10.3 million new strokes were 
registered around the world, of which 67% were ischemic. 
The incidence of stroke, both ischemic and hemorrhagic 
(IS, HS), is greater in men – 132 and 99 per 100,000 [3].
 The COVID-19 pandemic has had signifi cant infl u-
ences on both the incidence of stroke and the structure of 
mortality. Provision of high-tech care for stroke patients 
in many regions is under threat due to changes in patient 
routing and the reprofi ling of hospitals as covid hospitals. 
Thus, for example, a number of hospitals in Moscow which 
previously operated as regional vascular centers or primary 

vascular departments were reprofi led to assist patients with 
SARS-CoV-2, which in turn led to an increase in the load on 
the remaining hospitals. The main diffi culties in the opera-
tion of the healthcare system for stroke patients during the 
pandemic came from late presentation due to patients fear-
ing infection or being left alone without caring relatives; 
emergency care, medical staffi ng, and diagnostics were 
refocused on COVID-19 patients, decreasing the effective-
ness of healthcare provision to patients with other diseases; 
CT systems were prioritized for diagnosis of pneumonia; 
the number of additional investigations increased, which af-
fected reperfusion therapy decision-taking time; it was not 
possible to provide staged rehabilitation, as rehabilitation 
centers were repurposed as COVID hospitals [4].
 Data from non-Russian sources indicate that SARS-
CoV-2 increases the risk of IS. The risk of developing IS 
was compared in 1916 patients admitted to hospital with 
COVID-19 with the risk of IS in 1486 patients admitted with 
seasonal infl uenza. The authors found that the relative risk 
of stroke in the group of patients with COVID-19 was 8.1 
(95% CI 2.5–26.6), as compared with 4.6 (95% CI 1.4–15.7) 
in the reference group [5]. This study is of great interest, 
as the authors took into account the infl uence of infection 
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COVID-19 show lower values for systolic BP than patients 
without COVID-19 [17], which requires further investiga-
tion. Impairment to the operation of ACER2 receptors pro-
motes triggering of the postischemic infl ammatory cascade 
due to accumulation of angiotensin 2, which has nothing to 
bind to, which in turn exacerbates hypoperfusion in the ce-
rebral ischemia zone and promotes expansion of the volume 
of cerebral infarct [18]. Experimental studies have shown 
that activation of the renin-angiotensin axis (ACE/Ang II/
AT1R) with excessive formation of angiotensin 2 leads to 
cerebral vasoconstriction, activation of infl ammation, and 
oxidative stress in the brain [19]. Angiotensin 2 has also 
been shown to elicit marked constriction of isolated mid-
dle cerebral arteries [20]. Binding of SARS-CoV-2 with 
ACER2 in cerebral vessels can lead to excessive release 
of proinfl ammatory cytokines and chemokines, such as in-
terleukin 6 (IL-6) and tumor necrosis factor (TNF), which 
in turn leads to lymphocyte, neutrophil, and macrophage 
activation and extravasation and subsequent brain tissue 
damage [21]. Endothelial dysfunction arising as a result of 
exclusion of ACER2 and subsequent penetration of SARS-
CoV-2 virus into endotheliocytes plays an important role in 
the development of both cerebral IS and HS [22].
 Activation of the coagulation cascade is associated 
with a severe course of COVID-19. The causes of coagu-
lopathy include virus-induced impairment of homeostasis 
(activation of systemic infl ammation, increases in fi brino-
gen levels, platelet activation, endothelial dysfunction) and 
external causes associated with the patient’s clinical condi-
tion (dehydration and immobilization of the patient) [23]. 
Hypercoagulatory status potentially increases the risk of de-
veloping IS and cerebral venous thromboses [24]. Activation 
of the coagulatory component of hemostasis in COVID-19 
is accompanied by increases in D-dimer and ferritin levels, 
the appearance of lupus anticoagulant in the blood, anticar-
diolipin and antiphospholipid antibodies, and antibody to 
β2-glycoprotein-1 [25]. The key pathophysiological ele-
ment in the development of coagulopathy in COVID-19 is 
the emerging interaction between activated tissue coagula-
tion factors, immune cells, platelets, endothelial cells, and 
extracellular fi laments formed by neutrophils (neutrophil 
extracellular traps, NET), which activate the contact path-
ways of the coagulation system [23]. The larger quantities 
of proinfl ammatory cytokines released in COVID-19 (cy-
tokine storm) also promote progression of hematological 
impairments. IL-6 promotes the expression of tissue factors 
in mononuclear cells and immune defense cells intended 
for countering viruses and bacteria. In turn, mononuclear 
cells are already activated by SARS-CoV-2. Tissue factors 
activate endothelial cells, which also promotes increases in 
the expression of tissue factors, though now by endothelio-
cytes. Infected and damaged endothelial cells are regarded 
as key pathophysiological elements in prothrombotic status 
in COVID-19. Two mechanisms for the involvement of the 
endothelium can be distinguished: on the one hand, a direct 

spread predominantly by the air droplet route. A study in 
China in 1875 patients hospitalized with COVID-19 showed 
that 2.7% were diagnosed with IS, these being older patients 
(70 [64–80] and 62 [50–70] years, p < 0.001), who had high-
er incidences of arterial hypertension and other cardiovas-
cular diseases [6]. A study reported by Qureshi and William 
[7] in 8163 patients hospitalized with COVID-19 showed 
that 103 (1.3%) were diagnosed with acute IS. The authors 
compared a whole series of measures in patients with stroke 
and SARS-CoV-2, patients with COVID-19 only, and a ref-
erence group with IS but not COVID-19. Lethal outcomes in 
patients with COVID-19 and IS were recorded signifi cant-
ly more frequently than in patients without IS (19.4% and 
6.2%, p < 0.0001). In February 2021, a meta-analysis in-
cluding 61 publications (108,571 patients with COVID-19) 
was published. The incidence of stroke cases was 1.4% 
(II 87.4%, GI 11.6%). Patients with stroke were older and, 
as a rule, had cardiovascular risk factors (CVRF) [8].
 Studies of the nature of stroke and COVID-19 showed 
that of 423 patients, 323 (74.8%) developed IS and 68 
(15.7%) HS, while 23 (5.3%) developed subarachnoid 
hemorrhage and 18 (4.2%) developed cerebral vein or si-
nus thrombosis. Among patients with IS, 33% had athero-
thrombotic, 27% cardioembolic, and 10% lacunar strokes; 
22% developed cryptogenic stroke; 8% had other causes of 
stroke [9]. The results of this study indicated more frequent 
development of atherothrombotic IS with large artery oc-
clusion in patients with COVID-19 than in the global popu-
lation, where the frequency was 19–23% [10]. Other studies 
also demonstrated a high frequency of large artery occlu-
sion in patients with COVID-19 [11, 12]. A high frequency 
of young adults was noted – 36% of patients were young-
er than 55 years, while 46% were below 65 years old [9], 
which was also signifi cantly different from the mean value 
in the prepandemic population – 12.9–20.7% [13]. Among 
patients with HS (n = 91, and COVID-19, 28% did not have 
CVRF or comorbid diseases [9] which is signifi cantly dif-
ferent from the proportion in the population. In addition, 
70% of patients with subarachnoid hemorrhages showed 
anomalous development of the brain vessels – aneurysms or 
arteriovenous malformations (AVM), which is also signifi -
cantly different from the standard rate, i.e., aneurysm and 
AVM in subarachnoid hemorrhage are absent or present in 
only 5–34% of cases [14].
 Mechanisms of Development of Acute Cerebral 
Stroke in COVID-19. The presence of CVRF such as 
ischemic heart disease, diabetes mellitus, arterial hyper-
tension, smoking, age, and previous stroke is linked with 
a severe courses of COVID-19 [15]. The “gate” for pene-
tration of virus into cells is the angiotensin type 2 receptor 
(ACER2) [16]. Binding with ACER2, SARS-CoV-2 inac-
tivates it, which in turn leads to impaired regulation of ar-
terial pressure (BP) [16]. On the one hand, this can lead 
to a peak increase in BP and the development of HS; on 
the other, there are data showing that patients with HS and 



651COVID-19-Associated Stroke

ing expression of proinfl ammatory cytokines – IL-6, TNF-α, 
IL-1β, and interferon-γ – in patients with COVID-19 [34]. 
Apart from direct and reverse connections with cytokine 
storms, free radicals can damage erythrocyte membranes, 
inducing hemolysis; they can also activate phagocytosis by 
macrophages and neutrophils, promoting the latter to form 
free radicals, which has repeatedly been described in sepsis; 
a severe course of COVID-19 is believed by some authors 
to be nothing other than viral sepsis [35]. Further transfor-
mation of hemoglobin leads to release of iron, which is toxic 
to tissues. The hypoxia typical of COVID-19 has the result 
that superoxide radicals (O2

–) and hydrogen peroxide (H2O2) 
form in mitochondria. In the presence of hydrogen peroxide, 
the superoxide radical oxidizes iron III to iron II with forma-
tion of the extremely toxic hydroxyl radical (OH–), inducing 
lipid and protein peroxidation triggering cell death by ne-
crosis or apoptosis [36]. Data have been obtained indicating 
that iron III activates coagulation by forming OH–, which 
converts normal plasma plasminogen into dense fi brin clots 
not subject to enzymatic cleavage [37]. The hypoxia seen 
in COVID-19 is accompanied by a systemic infl ammatory 
reaction and leads to the formation of excessive quantities of 
reactive oxygen species, promoting increases in the expres-
sion of proinfl ammatory cytokines IL-1, IL-6, and TNF-α; 
furthermore, inducible NO synthase (iNOS) is activated via 
the NF-κB signal pathway [38]. A closed circuit then forms – 
proinfl ammatory cytokines and iNOS activate macrophages, 
neutrophils, and also endothelial cells via the NADP oxidase 
(NOx) system, these in turn starting to produce H2O2 [39]. 
O2

– in turn starts to react with nitric oxide (NO) formed by 
iNOS to generate peroxynitrite (ONOO–), which is a very 
active oxidant in its own right. NO and ONOO– are highly 
toxic to mitochondria, which exacerbates hypoxia and, thus, 
energy defi cit [40]. The interaction between the develop-
ment of a cytokine storm and a free radical storm involving 
OH– is shown in Fig. 1 [41].
 Principles of the Treatment of Patients with Stroke 
and COVID-19. The possibility of using antioxidants in 

cytotoxic action of the virus and, on the other, the infl am-
matory reaction promoting the development of so-called 
endotheliitis. Endothelial damage leads to overexpression 
of tissue coagulation system activation factors, excessive 
thrombin formation, blockade of fi brinolysis, and activation 
of the complement system, which plays a key role in the 
development of the systemic infl ammatory reaction [26].
 Along with coagulopathy, endothelial damage to ce-
rebral vessels by SARS-CoV-2 virus in cytokine storm 
conditions, especially an excess of IL-6, can lead to the de-
velopment of cerebral vasculitis [27]. Both IS and HS can 
develop on this background, while vasculitis of the cerebral 
vessels produces uncontrollable changes in their lumens – 
constriction and dilation – vessels become fragile, creating 
conditions in which they can rupture and/or develop throm-
bosis. The development of rare states such as reversible ce-
rebral vasoconstriction syndrome and posterior reversible 
encephalopathy syndrome can occur in COVID-19 patients, 
though angiitis is believed to be one of the causes [28].
 Heart damage due to COVID-19 is associated with 
ACER2 dysfunction, cytokine injury, hypoxia, and treat-
ment complications [29]. Decompensated heart failure, 
myocarditis, acute myocardial infarction, and severe ar-
rhythmias can develop in COVID-19 patients [29]. These 
forms of heart damage may cause cardioembolic stroke.
 Severe COVID-19 is an independent predictor of stroke. 
In particular, prolonged hospitalization and being in the resus-
citation and intensive care departments, prolonged mechani-
cal ventilation of the lungs, and postresuscitation disease can 
lead to hypoxemia and posthypoxic encephalopathy, as well 
as cerebral stroke [30]. Prolonged hypoxemia associated with 
respiratory failure in COVID-19 patients can lead to the de-
velopment of cerebral microhemorrhages and leukoencepha-
lopathy [31].
 An important pathophysiological mechanism for dam-
age to various organs and systems, including the central 
nervous system, in COVID-19 is the development of oxi-
dative stress with release of large quantities of reactive ox-
ygen and nitrogen species [32]. In patients with stroke and 
COVID-19, oxidative stress arising on the background of 
viral infection is layered onto the oxidative stress of cere-
bral damage, these potentiating each other and aggravating 
the course of illness. Its development is directly linked with 
cytokine storm. It has been suggested that by analogy with 
other viral infections (such as infl uenza), COVID-19 triggers 
the expression of various cytokines via activation of particu-
lar receptors by the virus, including Toll-like receptors 3, 7, 
and 8, and NOD-like receptors on the surfaces of epithelial 
cells, macrophages, and dendritic cells [33]. An important 
participant in cytokine storm is the infl ammasome – a com-
plex consisting of a set of proteins forming a component of 
innate immunity. Reactive oxygen species are direct activa-
tors of infl ammasome NOD-like receptors [34]. Activation 
of NOD-like receptors leads to increases in the activity of 
nuclear factor κB (NF-κB), one of the key mediators trigger-

Fig. 1. Cytokine storm and free radical storm in COVID-19.
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characteristics of the course of stroke in patients with 
COVID-19. Thus, a study by Siegler et al. [49] at the very 
beginning of the pandemic analyzed a series of measures 
in patients with stroke and COVID-19 and the results were 
compared with data from the prepandemic period. The 
authors showed that patients with COVID-19 had a more 
severe course of stroke, though there was no signifi cant 
infl uence on the outcome. Large vessel thromboses were 
also more frequently diagnosed in COVID-19. Another 
study described fi ve cases of severe IS with occlusion 
of a major vessel in patients less than 50 years old with 
COVID-19 with no CVRF [50]. Sparr and Bieri [51] de-
scribed four patients with IS and COVID-19 with atypical 
infarcts of the posterior part of the corpus callosum. Benger 
et al. [52] described fi ve patients with COVID-19 and HS 
aged 41–64 years without signifi cant CVRF. Kvernland et 
al. [53] found that of 4071 COVID-19 patients, 19 (0.5%) 
were diagnosed with HS, while three had nonaneurysmal 
subarachnoid hemorrhage, the main cause of which was, 
in the authors’ view, severe coagulopathy, apparent as high 
INR and APTT, D-dimer, C-reactive protein, and fi brinogen 
levels; most patients were receiving anticoagulant therapy 
because of diagnoses of COVID-19 before onset of stroke, 
and mortality was 89%. Severe COVID-19, prolonged pe-
riods in the resuscitation department, and long periods of 
mechanical ventilation of the lungs were risk factors for mi-
crohemorrhages and leukoencephalopathy [31]. Apart from 
focal neurological symptomatology and general cerebral 
and meningeal symptoms, individual patients with stroke 
showed the symptoms of COVID-19 which worsened the 
course of stroke and had signifi cant infl uence on the po-
tential for rehabilitation. Thus, 36% of patients with severe 
COVID-19 had executive functional impairment syndrome, 
with severe impairments to attention and the inability to car-
ry out tasks [54, 55]. COVID-19 patients frequently devel-
oped severe depressive or anxiety disorders [56].
 The main complaints presented by patients in the acute 
phase of COVID-19 and those who had had infection were 
diffuse, bursting-type headache, aggravated in the mornings, 
vertigo of nonsystemic nature, nausea, loss of appetite, “brain 
fog,” reduced consciousness, slowed thinking, and word-fi nd-
ing diffi culty. Cognitive impairments were found in elderly 
patients suffering from diabetes mellitus, ischemic heart dis-
ease, hypertension, and lung diseases, and were accompanied 
by feelings of anxiety, fear, restlessness, sleeplessness, or 
anxiety, interrupted sleep, apathy, and low mood [57].
 Organization of Medical Care for Patients with 
COVID-19 and Stroke. Specialized medical care for these 
patients is provided in compliance with Russian Ministry 
of Health Order No. 928n of 2012 and Temporary Metho-
dological Guidelines for the Management of Patients with 
aCVA in the COVID-19 Pandemic (Version 2 of April 16, 
2020). The drug therapy of aCVA when needing to be pro-
vided simultaneously with treatment for COVID-19 takes 
account of the severity of the viral infection and antiviral 

COVID-19 is widely discussed. By analogy with other viral 
infections, it has been suggested that substances with anti-
oxidant activity may potentially be effective in this group 
of patients. Superoxide dismutase (SOD) is one of the most 
powerful antioxidants; this blocks superoxide activity in vi-
ral infections [42]. There is currently no SOD for clinical 
use, though there is a series of substances which stimulate 
SOD formation, and which may be effective in patients with 
COVID-19 [43]. Vitamins C and E are powerful free rad-
ical blockers and their effi cacy has been demonstrated in 
a number of respiratory infections [44]. Use of high doses 
of vitamin C may also have some value in the treatment 
of COVID-19 [45]. Also considered in antioxidant therapy 
in patients with COVID-19 are zinc formations (a cofactor 
of SOD), glutathione, and N-acetylcysteine, though there 
are as yet no data on their effi cacy [41]. The ability of the 
antioxidant MitoQ, which blocks free radical activity at the 
level of mitochondria, to decrease SARS-CoV-2 replication 
activity has been demonstrated [46].
 Thus, the use of drugs with marked antioxidant effects 
with previously demonstrated effi cacy, particularly in pa-
tients with acute cerebrovascular accidents (aCVA), may also 
be highly effective in patients with stroke on the background 
of SARS-CoV-2. One drug with strong antioxidant and anti-
hypoxic activity with effi cacy demonstrated in patients with 
stroke is Mexidol (ethylmethylhydroxypyridine succinate), 
which has a multimodal mechanism of action. The pyridine 
base (2-ethyl-6-methyl-3-hydroxypyridine) of Mexidol has 
direct antioxidant activity, suppresses NADPH2-dependent 
(enzymatic) iron-induced and ascorbate-dependent (nonen-
zymatic) lipid peroxidation (LPO), increases SOD and Se-
dependent glutathione peroxidase activities, decreases iNOS 
activity, promotes binding of the superoxide anion radical, 
and decreases glutamate excitotoxicity. Mexidol also has a 
marked membrane-protective effect, which is apparent as 
the ability to stabilize erythrocyte and platelet membrane 
structures, decreasing the probability of hemolysis [47]. The 
second part of the molecule – the succinate moiety – has an-
tihypoxic action mediated by maintaining succinate oxidase 
activity in hypoxic conditions. This is the FAD-dependent 
part of the Krebs cycle, which in hypoxia suppresses the 
subsequent NAD-dependent oxidases, thus maintaining 
energy production within cells when mitochondria contain 
the oxidation substrate succinate. Succinate can infl uence 
its specifi c receptor GPR91, triggering a cascade of reac-
tions supporting adaptation to hypoxia [48]. Mexidol has 
displayed effi cacy in the complex therapy of infl uenza. Its 
use in the complex treatment of moderate and severe forms 
decreased the durations of illness and the period of reduc-
tion of the main clinical symptoms, increased the effi cacy of 
treating endogenous intoxication syndrome, activated blood 
catalase and superoxide dismutase, and decreased lipoper-
oxidation [47, 48].
 Features of the Course of Stroke on the Background 
of COVID-19. Many studies have been published on the 
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and prolonged ischemia with a dual mechanism of devel-
opment due to circulatory impairment and changes in ox-
ygen-transporting function, along with hypercoagulation, 
cytokine storm, and activation of infl ammatory processes, 
a number of investigators advise using drugs with complex 
neuroprotective mechanisms of action [4]. Only a few stud-
ies have as yet been published on the use of neuroprotec-
tors in COVID-19. Thus, Roncati et al. [66] evaluated the 
potential use of palmitoylethanolamide (PEA), a substance 
belonging to the endogenous fatty acid amides class. PEA 
has a polymodal action due to its ability to bind a number of 
receptors (PPAR-α, NR1C1, VR1, and GPR55) and has an-
ti-infl ammatory, antinociceptive, neuroprotective, and anti-
convulsant effects. Two clinical trials have now been start-
ed addressing the effi cacy of PEA in COVID-19 [67, 68]. 
Ginkgolic acid, the main component of the plant Ginkgo bi-
loba, has been shown to have neuroprotective and antiviral 
effi cacy in relation to the neurotropic viruses Epstein–Barr, 
Zika, and cytomegalovirus. The authors suggested that this 
substance may also be effective in COVID-19 [69].
 The Russian drug Mexidol, which has multimodal ac-
tions, has demonstrated its high effi cacy in IS. A large num-
ber of studies have been reported, including double-blind, 
placebo-controlled studies compliant with international GCP 
standards in which the effi cacy of Mexidol in stroke was con-
fi rmed using an evidence-based medicine approach [70].
 The EPIKA study assessed the effi cacy and safety of 
prolonged sequential therapy with Mexidol in patients in 
the acute and early recovery periods of hemispheric IS. This 
study included 151 patients. Simple randomization was used 
to assign patients to two groups: patients of group 1 received 
Mexidol 500 mg/day by i.v. infusion for 10 days followed 
by one tablet (125 mg) three times daily for eight weeks; 
patients in group 2 received placebo by the same regimen. 
Study participation lasted 67–71 days. Group 1 showed a 
signifi cantly more marked (as compared with placebo) im-
provements in viability as measured on the Modifi ed Rankin 
Scale (MRS). Levels of viability assessed at the end of the 
study were signifi cantly greater than in group 1. Recovery 
corresponding to 0–2 points on the MRS were noted in 
96.7% of patients in group 1 and 84.1% of those in group 2 
(p = 0.039). At the end of treatment, neurological defi cit 
on the NIHSS was signifi cantly lower in patients receiving 
Mexidol than in those given placebo. Mexidol produced pos-
itive effects in patients with concomitant diabetes mellitus. 
A majority of patients in the study group had no problems 
with movement, self-care, or the activities of daily living and 
had no pain or discomfort, anxiety, or depression [71].
 Data have been obtained indicating the effi cacy of 
Mexidol in viral infections. Thus, Mexidol was shown to 
have marked antioxidant actions in patients with viral infec-
tions, decreasing malondialdehyde levels and increasing an-
tioxidant defense and SOD [72]. SOD, catalase, glutathione 
peroxidase, and glutathione reductase activities, the reduced 
glutathione concentration, and levels of secondary lipid per-

drugs being used [58]. From the onset of the pandemic, a 
decrease in the number of hospital admissions for stroke 
was recorded, probably because of patients’ fear of becom-
ing infected in hospital [59]. The key point in providing care 
to stroke patients in the COVID-19 pandemic is ensuring 
the safety of both medical staff and the patient. In accor-
dance with international guidelines, any patient with aCVA 
at both the prehospital stage and in hospital should be re-
garded as potentially infected with SARS-CoV-2 virus and 
should undergo detailed history-taking seeking to identify 
signs of infection during the period leading up to the consul-
tation [60]. On admission of stroke patients with suspected 
COVID-19, some authors recommend using separate facil-
ities, including separate CT and ultrasound scan diagnos-
tic cabinets [61]. Where required, resuscitation measures, 
including intubation, should preferably be carried out in a 
specialized facility where a negative pressure atmosphere 
can be produced [62]. Neuroimaging studies of patients 
with stroke and suspected COVID-19, especially those put 
forward for thrombolytic therapy or mechanical thrombus 
extraction, should be performed by standard protocols, in-
cluding native CT/CT angiography/CT perfusion or native 
MRI/MR angiography/MR perfusion [60]. When indica-
tions are present, thrombolytic therapy should be provided 
within the therapeutic window of up to 4.5 h in compliance 
with clinical guidelines, without considering the presence 
of COVID-19. In patients in whom the time of onset of fo-
cal neurological symptomatology is unknown, management 
should be guided by neuroimaging results. It should be 
noted that young patients not infrequently develop throm-
bosis of major arteries in COVID-19, leading to massive 
stroke, so provision of thrombolytic therapy is critically 
important. Provision of maximal mechanical thrombus ex-
traction is indicated in patients with IS and COVID-19 with 
large vessel occlusion. Thrombus extraction results may be 
unsatisfactory, because of the pathogenesis of COVID-19 
producing secondary thrombi, rethrombosis, and thrombus 
fragmentation followed by higher embolization [63]. There 
are as yet no large studies assessing the effi cacy and safe-
ty of x-ray-guided endovascular treatment methods for IS 
in COVID-19 patients. There are occasional publications 
with small numbers of patients. Thus, thrombus extraction 
with complete recanalization was performed in a 62-year-
old female patient with acute right-sided hemiparesis and 
aphasia, though the patient was readmitted after 10 days 
in a severe state with signs of HS [64]. Ten patients with 
acute large cerebral artery occlusion underwent mechanical 
thrombus extraction and nine developed rethrombosis in the 
post-operative period; six died and the remainder showed 
no signifi cant regression of focal neurological defi cit [65]. 
Other studies have also reported ambiguous results.
 Potential for Use of Drugs with Complex Neuropro-
tective and Antioxidant Mechanisms. Considering the 
key pathophysiological mechanisms of COVID-19 and 
stroke, associated primarily with the development of deep 
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oxidation products were assessed within the fi rst 24 h of 
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acute carotid IS. Levels of antioxidant defense enzymes 
were signifi cantly higher on the background of Mexidol 
treatment than in the placebo group. The activity of enzymes 
characterizing the intensity of cell oxygenation – mitochon-
drial succinate dehydrogenase and α-glycerophosphate de-
hydrogenase – were suppressed in patients receiving pla-
cebo, while measures of cellular respiration were signifi -
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