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Abstract: COVID-19 has spread rapidly worldwide since December 2019. During the pandemic, SARS-CoV-2
repeatedly mutated from Alpha to Omicron. Severity and mortality are related to age, sex, and underlying
diseases (respiratory, cerebrovascular, cardiovascular, metabolic, cancer, and immune diseases). We
retrospectively studied 44 hospitalized stroke patients infected with the SARS-CoV-2 Omicron variant. The
mortality rate of hospitalized stroke patients with COVID-19 was 6 (13.6%). The cause of death was
coagulopathy in three cases of ischemic stroke. A high modified Rankin Scale (mRS) score in stroke patients
was correlated with the severity of COVID-19. The timing of vaccination is inversely correlated with COVID-
19 severity. In conclusion, stroke patients with COVID-19 have high mortality rates due to coagulopathy.
Stroke patients with high mRS scores are more likely to develop severe COVID-19. In patients with high mRS
scores, therapy for severe COVID-19 should be administered.

Keywords: stroke; COVID-19; SARS-CoV-2 Omicron variant; modified Ranking scale;
coagulopathy

1. Introduction

COVID-19 is an infectious disease caused by SARS-CoV-2 virus. It spread rapidly worldwide
since December 2019, leading to an unprecedented pandemic. During the pandemic, SARS-CoV-2
repeatedly mutated from Alpha to Omicron [1].

The novel coronavirus SARS-CoV-2 belongs to the Betacoronavirus family and is a single-
stranded RNA virus with an envelope [2]. Previously, coronaviruses that infected humans, including
human coronavirus (hCoV)-OC43, hCoV-HKU, and hCoV-229E, caused only mild cold-like
symptoms [3]. However, SARS coronavirus (SARS-CoV) in 2003 and Middle East Respiratory
Syndrome coronavirus (MERS-CoV) in 2012 were highly pathogenic and caused severe respiratory
symptoms.

SARS-CoV originated in China and spread worldwide when infected individuals traveled on
airplanes. The mortality rate for those infected with the virus was approximately 10%. In contrast,
MERS-CoV originated in the Arabian Peninsula and had a mortality rate of 35% [4]. These two viruses
are believed to have had intermediate animal hosts before infecting humans—bats for SARS-CoV and
camels for MERS-CoV.

The source of SARS-CoV-2 remains unclear. However, the coronavirus RaTG13, with which it
shares over 96% genetic similarity, has been isolated from bats. This finding suggests that bats may
also have been an intermediate host for SARS-CoV-2 infection in humans [5]. SARS-CoV-2 also
closely resembles SARS-CoV structurally. Both viruses have a membrane-spanning Spike (S) protein
on their surfaces [6]. Infection occurs when the S protein binds to the host cell receptor angiotensin-
converting enzyme 2 (ACE2) and enters the cell.

The S protein consists of a receptor-binding domain (RBD) in the S1 region and a fusion-
promoting S2 region. The latter facilitates fusion between the virus membrane and the host cell
membrane. This membrane fusion is activated by cleavage of the S1 and S2 regions, mediated by host
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cell proteases that include transmembrane protease serine 2 (TMPRSS2) and cathepsins. Infection can
occur through one of two pathways, either involving the cell surface or the late endosomes.
TMPRSS2-mediated cleavage of the S protein is crucial for the cell surface pathways; it is induced by
furin, which is highly expressed in the cardiovascular system [6]. Consequently, serine protease
inhibitors can inhibit SARS-CoV-2 entry into cultured cells. Proteases, like elastase, produced by
neutrophils can cause structural changes in S proteins, suggesting a role for inflammatory cells
during SARS-CoV-2 infection. After the internalization of ACE2 in the late endosome pathway, the S
protein undergoes a structural change induced by proteases, which is accompanied by a decrease in
pH within the endosome. Neuropilin-1 has been identified as a coreceptor for infection and
contributes to enhanced viral entry [7].

In addition to the initial cold-like symptoms, patients with COVID-19 often have taste and smell
abnormalities. This disease is characterized by inflammation of the respiratory system. Severe
pneumonia in patients with COVID-19 can lead to acute respiratory distress syndrome (ARDS),
which can be fatal. ARDS in patients with COVID-19 is characterized by diffuse alveolar damage.
The interaction between SARS-CoV-2 and the ACE2 receptor is a crucial factor in determining the
tissue tropism of the virus and its progression from infection to severe disease. ACE2 is widely
distributed in the tissue of the respiratory and circulatory systems, including airway and alveolar
epithelial cells and vascular endothelial cells. When SARS-CoV-2 enters the nasal passages infects
cells in the nasal epithelium and then in the airway epithelium. High expression of ACE2 and
TMPRSS2 has been observed in nasal and airway ciliated epithelial cells and in type II alveolar
epithelial cells. Once infection has been established in the upper respiratory tract and the virus
transitions to the lower respiratory tract, it leads to pneumonia. Importantly, ACE2 is highly
expressed in vascular endothelial cells. The severity of COVID-19 disease increases due to infection
of vascular endothelial cells, which subsequently leads to pulmonary vascular inflammation,
thrombosis, angiogenesis, and other complications. An increase in blood D-dimer level is correlated
with disease severity. Vascular damage is involved in vasculitis and thrombosis in COVID-19
patients [8].

The interferon (IFN) pathway plays an important role in viral defense. However, dysfunction of
the IFN pathway is observed in severe COVID-19 disease, and excessive IFN production exacerbates
pneumonia caused by COVID-19 infection. During the early stages of viral infection, both Type I
(IFN-c, IFN-B) and Type III (IFN-A) IFNs are expressed. This leads to induction of IFN-stimulated
genes (ISGs), which activate various immune cells, causing migration to the site of infection. This
migration is facilitated by chemokine secretion [9].

Expression of genes associated with chemokines and inflammatory cytokines significantly
increases in SARS-CoV-2 infection, while ISG expression has been reported to be low [10]. In patients
with COVID-19, serum concentrations of inflammatory cytokines like IL-6, CCL8, and CXCLS8
increase, while those of IFN-p and IFN-A remain low. Furthermore, older males have a higher risk
for progression to severe disease; anti-IFN antibodies have been detected at a higher rate in males.
These findings suggest that the presence of anti-IFN antibodies may be a factor contributing to
disease severity [11]. In other words, inflammatory cytokines increase leading to a cytokine storm.

In contrast, higher levels of type I and III IFNs in the lungs of patients with COVID-19 are
associated with a higher mortality rate [12]. Furthermore, the IFN pathway induces expression of
ACE2 [16]. Dysfunction of the IFN pathway in response to SARS-CoV-2 infection, consequently,
triggers a systemic cytokine storm. A cytokine storm can cause increased vascular permeability,
hyperactivation of the coagulation-fibrinolysis system, disseminated intravascular coagulation
(DIC), ARDS, and respiratory failure [13]. In contrast, neutralizing antibodies against IL-6 are
effective.

ACE?2 is the receptor for SARS-CoV-2 but also functions as the enzyme that converts angiotensin
II to angiotensin-(1-7) [14]. ACE2 expression in the lungs decreases during SARS-CoV-2 infection; its
expression has been reported to decrease in hamsters infected with SARS-CoV-2, and replenishing
ACE2-like enzymes is associated with improvement in COVID-19 pneumonia. Therefore, increasing
ACE2 enzymatic activity or inhibiting the RAS system may be effective in improving symptoms of
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ARDS caused by SARS-CoV-2 infection. Administration of ARBs or ACEi improves the prognosis of
patients with COVID-19. In addition, low-molecular-weight agonists of angiotensin II type 2
receptors decrease the severity of COVID-19 [15].

Regarding the clinical course, the incubation period of SARS-CoV-2 infection ranges from 2-14
days, with an average length of approximately five days. Common symptoms of COVID-19 are fever,
cough, sore throat, muscle aches, joint pain, headache, and chest pain; However, these symptoms are
not specific to COVID-19. More specific symptoms are loss of taste and smell. In the first week after
symptom onset, patients with COVID-19 have symptoms resembling those of a typical upper
respiratory tract infection. Subsequent development of pneumonia can cause such symptoms as
shortness of breath and difficulty breathing, while rapid breathing and cyanosis are observed in
severe cases. Shock with low blood pressure and disturbances in consciousness can occur in the
presence of a cytokine storm. Thrombosis can cause a stroke or myocardial infarction. If pulmonary
embolism occurs, there may be rapid deterioration in respiration.

Risk factors for severe COVID-19 disease are advanced age and underlying medical conditions,
including cardiovascular disease, heart failure, cardiac arrhythmias, diabetes, cancer, and chronic
respiratory diseases. Severe cases of COVID-19 are more common in males, smokers, patients with
peripheral artery disease or chronic obstructive pulmonary disease, and certain other medical
conditions. Severe cases are less common in individuals under the age of 40 [16]. COVID-19
outbreaks have been reported in elder care facilities, where the disease poses a higher risk of severe
disease for individuals with underlying medical conditions. Infection and mortality rates were
elevated due to these outbreaks [17].

During the COVID-19 pandemic, 80% of affected individuals experienced mild symptoms and
recovered naturally. Treatment was primarily focused on the 20% of individuals who developed
moderate-to-severe disease. However, antiviral drugs that suppress viral replication could be used
for approximately one week after onset of COVID-19, when it typically involves cold-like symptoms
and loss of smell and taste. Additionally, approximately 20% of infected individuals experience
pneumonia and progression to severe disease due to an excessive inflammatory response. The
current approach to treating patients with moderate-to-severe disease involves combined use of
antiviral and anti-inflammatory drugs. It has become common to add anticoagulant drugs like
heparin to treat coagulopathy [16].

COVID-19 is characterized by respiratory syndrome and coagulopathy, including myocardial
and cerebral infarctions. A major type of cerebral infarction in COVID-19 is large vessel occlusion
(LVO) [18]. According to symptoms, oxygen saturation, and underlying diseases, COVID-19 patients
are classified into mild, moderate, and severe. Most patients infected with COVID-19 are classified
as mild cases. Occasionally, they are classified as severe and result in death. The severity and
mortality of COVID-19 are related to age, sex, and underlying diseases (respiratory, cerebrovascular,
cardiovascular, metabolic, cancer, and immune diseases)[19]. The clinical features of stroke patients
infected with the SARS-CoV-2 Omicron variant is not fully known. In addition, the features and
mechanisms of coagulopathy and respiratory syndromes associated with COVID-19 in stroke
patients have scarcely been clarified [20]. Furthermore, the severe risk of COVID-19 in stroke patients
remains unknown [21]. Therefore, in our study, we present the clinical features of hospitalized
patients infected with the Omicron variant and propose appropriate management of stroke patients
diagnosed with COVID-19.

2. Materials and Methods

2.1. Stroke Patients Infected with COVID-19

In this study, we retrospectively examined the clinical features of hospitalized stroke patients
infected with the SARS-CoV-2 Omicron variant at our hospital from November 2022 to February
2023. Investigated variables are as follows: number, sex, and age of hospitalized stroke patients
infected with the SARS-CoV-2 Omicron variant; stroke type and subclassification; symptoms;
complications; drugs used for COVID-19; times of COVID-19 vaccination; median days from onset
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of stroke to infection with COVID-19; modified Rankin scale score (mRS) on COVID-19 onset;
severity and mortality of COVID-19; images of a representative mortalized case. Furthermore,
correlation between severity of COVID-19 and the following surveyed values were analyzed. The
surveyed values are as follows: age, over 80 years or under ; sex, male of female; period from stroke
to COVID-19 onset, over 50 days or under; times of vaccination; mRS; stroke type, ischemic or
hemorrhagic; and subtype of ischemic stroke, atherosclerotic, cardiogenic, or lacunar.

2.2. Statistics

The data were analyzed using Chi-square test or Mann—Whitney U-test, as appropriate. The
criterion for significant differences was p<0.05.

2.3. Ethics

Written informed consent for the publication of research details and clinical images was
obtained from the patients. This study was approved by the hospital’s Institutional Review Board
(N0.2023-2).2.3.

3. Results

3.1. Characteristics of the Hospitalized Stroke Patients with COVID-19

Forty-four stroke patients at our hospital were infected with the SARS-CoV-2 Omicron variant
between November 2022 and February 2023. The age of the 44 patients ranged from 53 to 95 years,
with a median age of 81 years. The study population consisted of 30 males and 14 females. The type
of stroke was ischemic in 32 patients (cardiogenic, 8; atherosclerotic, 14; lacunar, 10) and hemorrhagic
in 14 patients who were all hypertensive. The mRS scores at COVID-19 onset was mRS0, 1; mRS1, 1;
mRS2, 2; mRS3, 15; mRS4, 13; mRS5, 10, with a median of 4. Underlying diseases included
hypertension (n = 14), diabetes mellitus (n = 9), arterial fibrillation (n = 7), chronic kidney disease (n=
2), bronchial asthma (n = 2), and cancer (n = 2). Major complications with COVID-19 were acute
myocardial infarction, 3 ; cerebral infarction,1; and severe leukopenia, 1. The severity of COVID-19
was mild: 33 moderate; 4 severe; 1 dead; and 6 severe. Six of 7 severe cases were dead. The mortality
rate of post-stroke patients with COVID-19 is 13.6%. The number of COVID-19 vaccinations was as
follows: none, 2; once, 4; twice, 12; 3; 19; 4; 6; 5; and 1. Hospitalized stroke patients were easily infected
with COVID-19 regardless of vaccination time. Symptoms included fever (n = 38), cough (n = 31),
pneumonia (n = 12), heart failure (n = 6), and leukopenia (n = 1). The period from stroke to COVID-
19 ranged from 3 to 601 days, with a median of 46.5 days. The therapy for COVID-19 was
molnupiravir only (n=37), molnupiravir and dexamethasone (3), and molnupiravir, dexamethasone,
and anti-coagulant (n=4).
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Table 1. Chracteristics of stroke patients with COVID-19

Characteristics Value Mortality
Number of the patients 44 6
Age (years) range 53-95
median 81
Sex
Male 30 4
Female 14 2
Stroke type
Ischemic stroke 32 4
Cardiogenic 8 1
Atherosclerotic 14 3
Lacunar 10 0
Hemorrhagic stroke 12 4
Hypertensive ICH 12 4
mRS at COVID-19 onset
mRS 0 1 0
mRS1 1 0
mRS2 2 0
mRS3 15 0
mRS4 13 1
mRS5 10 5
Underlying disease
Hypertension 14 1
Diabetus Meritus 9 1
Arterial fibrilation 7 1
Chronic kidney dise: 2 2
Bronchial asthma 2 1
Cancer 2 (4]
Severe complication
Acute myocardial in 3 3
Cerebral infarction 1 1
heart failure 6 1
leukopenia 1 1
Severity of COVID-19
mild 33
medium 4
severe
dead 6
Times of COVID-19 vaccinatior
0 2 2
1 4 2
2 12 1
3 19 1
4 6 0
5 1 0
Symptoms
fever 38 6
cough 31 6
pneumonia 12 6
Days from stroke to COVID-19
range 3-601
median 46.5
Therapy for COVID-19
Molnupiravir 37 6
Molnupiravir 3 (0]

Molnupiravir 4 (0]
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3.2. Mortalized Patients with COVID-19

Among stroke patients with COVID-19, six died (mortality ratio, 13.6%), as s hown in Table 3.
The average age of the patients who died was 83.8 years, median, 85 years). Among the patients,
there were 4 males and 2 females. The mRS score at the time of stroke occurrence was 5 in 5 of the 6
patients, and the remaining patient had an mRS score of 4. The average number of vaccine doses
received was 1.2, with a median of one dose. The causes of death were as follows: 3 cases, pneumonia;
myocardial infarction, 2 cases; and cerebral infarction with myocardial infarction, one. The stroke
types were cerebral infarction (CI) in four patients (three atherosclerotic and one cardiogenic) and
intracerebral hemorrhage in two. The underlying diseases included 2 cases of chronic kidney disease,
1 case each of diabetes mellitus, bronchial asthma, chronic heart failure, hypertension, and arterial
fibrillation. The median duration from stroke to COVID-19 onset was 70 days. COVID-19 symptoms
were present in all patients, including fever, cough, and pneumonia, with two patients showing
pulmonary edema. Critical complications associated with COVID-19 included myocardial infarction
in 3 of 6 cases, acute kidney injury in 1 case, two instances of LVO-type cerebral infarction in 1 case,
and severe leukopenia (< 500/mm3) in 1 case. COVID-19 treatment consisted exclusively of
molupiravir in all cases. One of the deceased patients experienced a significant decline in mRS score
after contracting COVID-19 on the 11th day of hospitalization for cerebral infarction, leading to LVO-
type cerebral infarctions 10 and 18 days after disease onset. MRI images are provided for reference.

Table 2. Mortalized post-stroke patients with COVID-19

Days
Age Times of  Stroke Underlying from Symptoms of Therapy for COV¥D_19
(y/oy S MRS o cination type Subtype disease  STOke O LoVID 19 COvID-19 ~ 2ssciated
Y ¥P COVID- disease
19

Fever, cough,
85 M 5 0 CI  Cardiogenic Af, DM 55 pneumonia, Molnupiravir  AMI
pleural effusion

Fever, cough,

89 M 5 1 CI Atherosclerotic CKD, CHF 79 .
pneumonia

Molnupiravir ARF, AMI

Fever, cough,
77 M 4 3 CI  Atherosclerotic CKD 11 pneumonia, Molnupiravir
pleural effusion

CI(1), CI(2),
AMI

Fever, cough,

85 M 5 1 ICH Hypertensive HT 239 .
pneumonia,

Molnupiravir Leukopenia

Fever, cough,

82 F 5 0 ICH Hypertensive  Asthma 601 .
pneumonia

Molnupiravir None

Fever,cough,

85 F 5 0 CI1 Atherosclerotic None .
pneumonia

Molnupiravir None

Abbreviations: M, male; F, female; mRS. modifed Rankin scale; CI, cerebral infarction; ICH, intracerebral hemorrhage;Af, arterial
fibrillation; DM, diabetes mellitus; CKD, chronic kidney disease; CHF, chronic heart failure; HT, hypertension; AMI, acute

myocardial infarction
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Table 3. Association between characterisctics and severity of COVID-19

Characteristics severity of COVID-19
mild moderate  severe dead P value
Age P=0.17
80> 15 0 0 1
80< 18 3 2 5
Sex P=0.96
Male 22 2 1
Female 10 1 1
Stroke type P=0.82
Ischemic 24 2 2 4
Subtype of ischemic stroke P=0.6
Atherosclerotic 9 1 1 3
Cardiogenic 6 1 0 1
Lacunar 9 0 1 0
Hemorrhagic 9 1 0 2
modified Ranking scale(mRS) P=0.044
mRS0 1 0 0 0
mRS1 1 0 0 0
mRS2 1 0 0 0
mRS3 17 1 0 0
mRS4 11 1 0 1
mRS5 2 1 2 5
Times of vacctination P=0.033
0 0 0 0 2
1 1 0 1 2
2 10 1 0 1
3 15 2 1 1
4 6 0 0 0
5 1 0 0 0
Period from stroke to COVID-19 P=0.29
50 days> 19 1 1 1
50 days< 14 2 1 5

Figure 1.
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Figure 1. MRIs of a dead ischemic stroke case following cerebral infarctions associated with COVID-
19. A, Diffusion weighted image (DWI) at admission with cerebral infarction. Scattered high intensity
spots in right cerebral hemisphere are seen. B, MR angiography at admission with cerebral infarction.
A large vessel occlusion is not seen. C, DWI on 20 days after COVID-19 infection. High intensity areas
in left occipital lobe and right parietal lobe are seen. D, A branch of left posterior cerebral artery and
a branch of right middle cerebral artery are occluded.

3.3. Association between Variables of the Patients

The mRS and severity of COVID-19 were found to be significantly correlated (P=0.044). These
results demonstrate that stroke patients with higher mRS scores experienced more severe COVID-19
than those with lower mRS scores. The mean mRS of all patients with COVID-19 is mRS 3.5, whereas
the mean mRS of severe cases and deaths is mRS 4.8. Significant differences between mRS of
mortalized COVID-19 patients with stroke and mRS of survived patients were identified (P=0.015).
There was no significant difference in the risk of COVID-19 severity between patients with ischemic
stroke and those with hemorrhagic stroke, and there was no significant difference between ischemic
stroke subtypes. The patients of 80 years or more did not show a significant difference in the risk of
COVID-19 severity compared to the patients under 80 years (p=0.17). Similarly, there was no
significant difference in COVID-19 severity between sexes (p=0.96). The number of days between
stroke onset and COVID-19 manifestation, whether >50 days or < 50 days, did not result in a
significant difference in the severity of COVID-19 (p=0.29). A significant association was found
between the number of COVID-19 vaccine doses and disease severity (p=0.033), with fewer doses
correlating to a higher risk of disease severity. Higher mortality rates have

been observed in patients with chronic kidney disease and bronchial asthma.

4. Discussion

The COVID-19 pandemic significantly transformed stroke care, with decreased numbers of
patient visits, delayed medical consultations, and decreased use of recombinant tissue plasminogen
activator intravenous therapy and mechanical thrombectomy. A higher mortality rate has been found
in patients aged 70 and above who have underlying conditions such as myocardial infarction, a
history of stroke, arrhythmia, and high blood pressure [21]. A history of stroke increased the
likelihood of severe complications from COVID-19 by 2.55 times [22]. Patients with COVID-19 who
had a history of stroke were more likely to develop ARDS and had lower discharge and higher
mortality rates. Another report showed that the incidence rate of stroke was 4.6%, and stroke was
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more common in elderly patients with hypertension, diabetes, or a history of prior stroke [23].
Ischemic strokes were more common approximately two weeks after onset of COVID-19 symptoms
[24]. Despite prophylaxis with low-molecular-weight heparin, a thrombotic complication rate of 7.7%
was still observed. There was a higher prevalence of thromboses in the venous system and more cases
of stroke than myocardial infarction in the arterial system [25].

A study that analyzed 9,358 COVID-19 patients under the age of 50 years using multinational
databases showed that 33.2% of patients had severe COVID-19 that required hospitalization.
Ischemic stroke occurred in 64 (0.7%) patients, and there was no significant gender difference [26].
Hypertension, diabetes, heart failure, nicotine dependence, obesity, chronic obstructive pulmonary
disease, history of prior stroke, and renal failure were significantly more common among patients
with stroke. These patients had a mortality rate of 15.6%, which was significantly higher than the
mortality rate of 0.6% in non-stroke cases. Stroke associated with COVID-19 led to poor outcomes
even in younger individuals [27]. COVID-19 was an independent risk factor for LVO (p=0.011) [28].
Patients with ischemic stroke who had a history of respiratory infection within one week had a higher
proportion of LVO than patients without such a history, highlighting the need for further
investigation into the specificity of LVO in COVID-19 infection [29]. Regarding laboratory data, D-
dimer level was elevated, and tests for lupus anticoagulant and cardiolipin were occasionally positive.

A study of clinical types and outcomes found that the proportion of cryptogenic stroke was high
(65.6%), and the in-hospital mortality rate was also high (63.6%) [30]. A study that investigated
COVID-19 with stroke found that of 844 consecutive patients with COVID-19, 20 (2.4%) had ischemic
stroke and 8 (0.9%) had hemorrhagic stroke. Patients with ischemic stroke had an average age of 64
years, with one patient (5%) below the age of 50 years. Among them, 95% of patients had
hypertension and 60% had diabetes. The median time from onset of COVID-19 symptoms to stroke
diagnosis was 21 days. Of the ischemic strokes, 40% were cardioembolic, 5% were lacunar, and 35%
were cryptogenic [31]. A study investigating therapy for 174 patients with COVID-19 with stroke [32]
found that 34 (19.7%) patients received intravenous thrombolysis and 21 (12.1%) patients underwent
mechanical thrombectomy. There were 48 deaths (27.6%): 22 due to COVID-19 and 26 due to stroke.
Among 96 patients who had disability information available, 49 (51%) had severe disability at
discharge. The study also found that 31 of 2,132 (1.5%) patients with COVID-19 had a stroke while 3
of 1,516 (0.2%) patients with influenza had a stroke. The incidence of stroke in patients with COVID-
19 was, therefore, approximately 7.5 times higher than in patients with influenza [33].

At the onset of stroke, SARS-CoV-2 enters cells through ACE2 receptors [34]. As previously
described, ACE2 is expressed in the lungs, heart, kidneys, and vascular endothelium, making these
organs potential targets for the virus [35]. Damage to the heart increases the risk of thrombosis, and
the associated endothelial damage can lead to vascular diseases, including stroke. Since severe
COVID-19 disease can lead to an uncontrolled immune response, resulting in a cytokine storm,
coagulation abnormalities like elevated D-dimer levels may be a mechanism of stroke onset [36].
COVID-19 remained an independent risk factor for stroke (p=0.001) [37].

In patients with COVID-19, ischemic stroke is more common than hemorrhagic stroke, with rare
cases of cerebral venous thrombosis. Stroke occurs more frequently than acute coronary syndrome
or myocardial infarction. Patients with COVID-19 who have cardiovascular risk factors such as
hypertension, diabetes, or a history of prior stroke are at higher risk of developing a stroke.-Even
when these events occur at a younger age, outcomes may be unfavorable. Thus, there may be an
increase in the number of cases involving large vessel diseases. Many cases involve covert or
cryptogenic ischemic strokes. Stroke can potentially occur in patients with both mild and severe
COVID-19 disease. Elevated D-dimer levels were frequently observed. There is a potential association
between lupus anticoagulant and anticardiolipin antibodies. A significant number of patients
experienced poor clinical outcomes. These observations highlight the diverse and complex nature of
how stroke can presents in patients with COVID-19.

In the present study we retrospectively studied the clinical features of 44 hospitalized patients
with prior stroke who were infected with the Omicron variant of SARS-CoV-2 in a single hospital.
All patients had a COVID-19-severity risk of cerebrovascular disease. The median patient age was 81
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years. Most patients are at risk at advanced age[37]. Severe risk of COVID-19 of the patients younger
than 80 years are not significantly lower than that of the patients 80 years and older (P=0.17), probably
because of the small number of patients. Males are at severe risk of COVID-19 [37]. However, in this
study, a significant difference in the risk of severe COVID-19 was not identified by sex. In addition,
a significant difference in the risk of severe COVID-19 between the ischemic and hemorrhagic stroke
types was not identified in this study. Furthermore, a significant difference between the subtypes of
ischemic stroke was not recognized; however, the result might be derived from the small number of
ischemic cases. In this study, a high mRS score at the onset of COVID-19 was significantly correlated
with a severe risk of COVID-19, as a previous study showed a correlation between a high mRS score
before stroke and a severe risk of COVID-19 [38]. Underlying diseases, except for cerebrovascular
disease, are associated with severe risk factors for COVID-19, including renal disease, hypertension,
diabetes mellitus, cardiovascular disease, and liver disease. In addition, history of smoking, current
smoking, and obesity are associated with a high risk of mortality [37]. On the other hand, in this study,
the following major complications were identified: acute myocardial infarction, acute cerebral
infarction of LVO-type, acute heart failure, and leukopenia. A previous study reported the following
cardiovascular diseases: acute heart failure and myocardial infarction [37]. Another study reported
acute LVO in the brain[18]. In this study, the times of COVID-19 vaccination was significantly
inversely correlated with a severe risk of COVID-19 (P=0.033) [39]. In this study, the median period
from stroke onset to COVID-19 was 46.5 days. COVID-19 clusters in hospitals occurred during the
median period. To date various guidelines for COVID-19 have been proposed. Oral
nirmatrelvir/ritonavir and molnupiravir are used for outpatients or mildly hospitalized patients,
whereas intravenous remdesivir and sotrovimab are mainly used for hospitalized patients with
moderate or severe disease. Dexamethasone was administered in combination with these drugs. In
this study, molnupiravir was administered to most patients. Patients who died also received
molnupiravir, whereas those who were treated with remdesivir and dexamethasone survived. The
risk reduction ratio for molnupiravir was 30%, whereas that for remdesivir was 87% [40]. High-risk
reduction drugs such as remdesivir or sotrovimab should be used in patients with a highly severe
risk of COVID-19.

The mortality rate of COVID-19 was reported to be over 40% among hospitalized patients
before the emergence of the Omicron variant of SARS-CoV-2 [3]. Subsequently, this rate decreased to
below 10% among hospitalized patients, with variations by country [41, 42]. In this study, among the
42 cases, six (13.6%) exhibited a mortality rate exceeding 10%, which can be attributed to the influence
of stroke in patients. Severe complications, including myocardial infarction in 3 of 6 cases and cerebral
infarction in 1 case, were observed in fatal cases, suggesting the involvement of COVID-19-associated
coagulopathy [43]. Additional administration of anticoagulants such as heparin or direct oral
anticoagulant and antiplatelet agents is considered necessary. Furthermore, all fatal cases received
only molnupiravir as initial treatment for COVID-19, indicating the potential necessity of
administering remdesivir and dexamethasone from the outset.

5. Limitations

We retrospectively studied hospitalized stroke patients infected with the SARS-CoV-2 Omicron
variant at a single hospital. The small sample size of 44 cases in this study may have led to statistically
insignificant results for some events that previous reports showed were statistically significant.
Further studies are necessary to determine the complications associated with COVID-19 in stroke
patients and appropriate therapy for COVID-19 in stroke patients.

6. Conclusion

In hospitalized stroke patients infected with the Omicron variant, the clinical features include a
higher mortality rate compared to that of ordinary Omicron variant-infected patients. We also
observed a correlation between high mRS at COVID-19 onset and disease severity. COVID-19-
induced coagulopathy can lead to myocardial and cerebral infarction in patients with ischemic stroke,
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resulting in mortality. Therefore, the additional administration of anticoagulants and antiplatelet
agents is necessary.
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