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Abstract

Objectives: Data on the co-occurrence of stroke and coronavirus disease 2019 (COVID-19) infection are limited and need to be
improved. In our study, we aimed to evaluate the clinical and laboratory characteristics of COVID-19-related patients admitted to
our center with acute stroke and compare them with acute stroke patients without COVID-19 infection during the same period.
Methods: One hundred and eighty-four patients admitted with acute stroke from March 11, 2020, to May 11, 2020, were included
in the study. Demographic and clinical characteristics, work-up studies, and clinical scales including National Institutes of Health
Stroke Scale (NIHSS), modified Rankin scale (mRS) scores were examined retrospectively. All patients diagnosed with acute stroke
who were also evaluated for COVID-19 before hospitalization were divided into two groups: COVID-19-related and unrelated cases.
Results: COVID-19-related and unrelated acute stroke patients had similar characteristics in terms of age, gender, and stroke risk
factors. The admission NIHSS (mean NIHSS: 9.8 vs. 5.9) scores and the discharge mRS values (mean mRS: 3.9 vs. 2.4) were signifi-
cantly higher in the COVID-19-related stroke group (p=0.002 and p=0.001, respectively). The prognosis of the COVID-19-related
stroke group was significantly worse (69.6% vs. 39.8%) and the mortality rate (39.1% vs. 6.2%) was significantly higher than the
COVID-19-unrelated stroke group (p=0.007 vs. p=0.000, respectively). The proportion of patients with large infarcts in the COVID-
19-related acute ischemic stroke group was significantly higher than the one in the COVID-19-unrelated acute ischemic stroke
group (57.9% vs. 21.9%, p=0.003).

Conclusion: This is the first comparative study to evaluate the clinical presentation and outcome of COVID-19-related acute isch-
emic and hemorrhagic stroke patients in Turkey. Our results suggest that COVID-19-related acute stroke is associated with more
severe clinical presentation and worse outcome. This seems to be linked to the coagulation abnormalities induced by COVID-19
infection.
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Coronavirus disease 2019 (COVID-19) is an infectious dis-
ease caused by the Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) virus, and it was declared a
pandemic by the World Health Organization (WHO) on
March 11, 2020, the date of the first case in our country.
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In the COVID-19 pandemic, the increased frequency of
neurological involvement draws attention in addition to
respiratory distress in patients. Even in some patients, neu-
rological symptoms can be seen without signs of infection.
' Numerous neurological manifestations associated with
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COVID-19 have been reported. Acute cerebrovascular dis-
eases (CVDs), impaired consciousness, and neuromuscular
involvement seem to be more common, especially in pa-
tients with severe infection.l'

Current observational studies suggest an association be-
tween COVID-19 and acute stroke. However, studies reveal-
ing the characteristics of COVID-19-related acute stroke
patients are limited in the literature, and there is no study
on this issue in our country yet. We aimed to compare the
clinical and laboratory characteristics of COVID-19-related
and unrelated acute stroke patients who were admitted in
the same period to our pandemic hospital including Stroke
Center.

Methods

We performed a retrospective review of acute stroke pa-
tients who were admitted to our center from March 11,
2020, to May 11, 2020, during the height of the pandemic in
Turkey. The demographic characteristics, stroke risk factors,
diagnostic and etiological workup for acute stroke as well as
COVID-19 were obtained from the patients’ medical records.

Stroke Evaluation

Cranial computed tomography (CT)/magnetic resonance
imaging (MRI), transthoracic echocardiography were evalu-
ated for diagnostic and etiological workup. Hypertension
(HT), diabetes mellitus (DM), hyperlipidemia (HL), atrial
fibrillation (AF), ischemic heart disease (IHD), congestive
heart failure (CHF), peripheral artery disease, a history of
CVD, smoking and alcohol use were recorded as stroke risk
factors. Pre-stroke prophylactic drug (antiaggregants, an-
ticoagulants) use was also noted. Ischemic stroke etiology
was determined according to TOAST (Trial of Org 10172 in
Acute Stroke Treatment) criteria. Stroke severity was mea-
sured by National Institutes of Health Stroke Scale (NIHSS)
score. Stroke prognosis was assessed by using discharge
modified Rankin scale (mRS) score (0-2 good prognosis;
3-6 poor prognosis). The infarct size was considered to be
small if the longest diameter was <15 mm, large if more
than one-third of the territory of the anterior, middle and
posterior cerebral arteries or cerebellum, and the rest were
considered to be medium in size.

COVID-19 Evaluation

All acute stroke patients underwent COVID-19 evaluation
including thorax CT, nasopharyngeal swab polymerase
chain reaction (PCR) sampling, hemogram, routine bio-
chemistry, coagulation tests, and PaO2/FiO2 ratio. Com-
patible with the case definition of WHO, the diagnosis of
COVID-19 patients in our study was established according
to the presence of one of the following:®!
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1. Patients with positive nasopharyngeal swab PCR sample

2. Patients receiving antiviral therapy for COVID-19 be-
cause of implying medical history (respiratory symp-
toms, recent COVID-19 contact), and specific findings
suggesting COVID-19 pneumonia on thorax CT (ground-
glass opacities, multifocal irregular consolidation, and/
or peripherally distributed interstitial changes).

COVID-19 severity was classified as mild, moderate, severe,
and critical disease according to WHO intermediate guide-
line.™

COVID-19 Related Stroke

Patients diagnosed with acute stroke were divided into two
groups as COVID-19-related and unrelated acute stroke
patients. Patients evaluated as COVID-19-related stroke
were determined according to the criteria determined by
the WHO.B! COVID-19 related stroke was defined as acute
stroke developing within 1 month after the diagnosis of
COVID-19. Patients who presented with acute stroke clinic
but whose history, physical examination, and laboratory
findings (oropharyngeal swab PCR and thorax CT) were
not compatible with COVID-19 were considered as COVID-
19-unrelated acute stroke patients.

Approval was obtained from the Ministry of Health and
Sisli Hamidiye Etfal Hospital Ethics Committee for the study
(Approval number: 2020/2795).

Statistical Analysis

SPSS 26.0 program was used in the analyzes. Mean, stan-
dard deviation, median lowest, highest, frequency and
ratio values were used in the descriptive statistics of the
data. The distribution of variables was measured with the
Kolmogorov Smirnov test. Kruskal-Wallis and Mann Whit-
ney U tests were used in the analysis of quantitative inde-
pendent data. The Chi-square test was used in the analysis
of qualitative independent data, and the Fischer test was
used when the conditions of the chi-square test were not
met. For variables, p<0.05 was considered statistically sig-
nificant.

Results

One hundred and eighty-four patients were included in the
study. Of these patients, 23 (12.5%) had COVID-19-related
acute stroke, whereas 161 (87.5%) had COVID-19-unrelated
acute stroke.

The mean age was 66.7+13.4 years in COVID-19-related
stroke patients (13 men, 10 women) and was 68.8+13.2
years in COVID-19-unrelated stroke patients (93 men, 68
women). There was no significant difference between
COVID-19-related and unrelated stroke patients in terms
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of gender and mean age (p>0.05) (Table 1). Risk factors
for stroke including HT, HL, DM, IHD, CHF, PAH, a history of
CVD, AF, and pre-stroke prophylactic drug use rates were
similar in both groups (p>0.05).

Admission NIHSS scores and discharge mRS values were
significantly higher in the COVID-19-related stroke group
than in the COVID-19-unrelated stroke group (mean
NIHSS: 9.8 vs. 5.9, respectively; mean mRS: 3.9 vs. 2.4;
p=0.002 and p=0.001; t-test). The prognosis of the COVID-
19-related stroke group was significantly worse (69.6% vs.
39.8%) and the mortality rate (39.1% vs. 6.2%) was signifi-
cantly higher than the COVID-19-unrelated stroke group
(p=0.007 vs. p=0.000, respectively, Chi-square test) (Table
1 and Fig. 1).

In 43% (10/23) of patients with COVID-19-related stroke,
acute stroke were the main clinical manifestation for
admission to the hospital. In the remaining 13 patients
(57%), the mean time from COVID-19 infection symptoms
to the onset of stroke was 6.2 (1-30) days. Six (26%) of the
patients had a critical COVID-19 clinic. During the follow-
up, 9 (39.1%) patients died. Of COVID-19-related acute
stroke patients, 19 (82.6%) had acute ischemic stroke,
whereas 4 (17.4%) had hemorrhagic stroke. No transient
ischemic attack (TIA) cases were observed. Of COVID-
19-unrelated acute stroke patients, 141 (87.6%) had acute
ischemic stroke, 15 (9.3%) had hemorrhagic stroke, and
5 (3.1%) had TIA. There was no statistical difference be-
tween the two groups.

Acute Ischemic Stroke (COVID-19-related and
Unrelated)

According to TOAST classification, of 19 patients with CO-
VID-19-related acute ischemic stroke, 9 (47.4%) had stroke
of undetermined etiology, 5 (26.3%) had cardioembolism,
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Figure 1. Comparison of COVID-19-related and unrelated strokes in
terms of prognosis.

4(21.1%) had large-artery atherosclerosis, and 1 (5.3%) had
the small-vessel occlusion. Of 146 patients with COVID-
19-unrelated acute ischemic stroke/TIA, 66 (45.2%) had
stroke of undetermined etiology, 29 (19.9%) had cardio-
embolism, 27 (18.5%) had small-vessel occlusion and 24
(16.4%) had large-artery atherosclerosis. Although TOAST
classification of COVID-19-related and unrelated acute
ischemic stroke groups showed similar characteristics, the
rates of large vessel disease and cardioembolic subtype
were slightly higher in patients with acute ischemic stroke
related to COVID-19 (p>0.05) (Table 2).

The proportion of patients with large infarct size in the
COVID-19-related acute ischemic stroke group was statis-
tically significantly higher than the COVID-19-unrelated
acute ischemic stroke group (57.9% vs. 21.9% p=0.003; Chi-
square test) (Table 2).

Intravenous tissue plasminogen activator (iv-tPA) was ap-
plied to three of 19 cases with COVID-19-related acute

Table 1. Comparison of COVID-19-related and unrelated stroke patients in terms of age, sex, admission NIHSS, discharge mRS, prognosis,

and mortality

COVID-19-related
acute stroke

n=23
mean+SD/n (%)

COVID-19-unrelated p
acute stroke

n=161
meanxSD/n (%)

Age (years) 66.7+13.4
Sex, Male 13
Admission NIHSS score 9.846.5
Discharge mRS score 3.9+2.2
Prognosis

Good (mRS 0-2) 7

Poor (mRS 3-6) 16

Mortality 9

56.5

304
69.6
39.1

68.8+13.2 0.468

93 57.8 1.000

5.9+45.2 0.002

24+2.0 0.001

97 60.2 0.007
64 39.8

10 6.2 0.000

SD: Standart deviation; NIHSS: National Institutes of Health Stroke Scale; mRS: Modified Rankin score.
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Table 2. Comparison of COVID-19-related and unrelated acute ischemic stroke patients by TOAST classification and infarct size

COVID-19-related acute stroke COVID-19-unrelated acute stroke P
n=19 n=146
n % n %
TOAST classification
Large-artery atherosclerosis 4 21.1 24 16.4 0.512
Cardioembolism 5 26.3 29 19.9
Small-vessel occlusion 1 53 27 18.5
Other determined etiology 0 0 0 0
Stroke of undetermined etiology 9 474 66 45.2
Infarct size
Small 2 10.5 48 329 0.003
Medium 6 316 66 45.2
Large 11 57.9 32 21.9
TOAST: Trial of org 10172 in acute stroke treatment.
ischemic stroke, and mechanical thrombectomy (MT) with  Discussion

iv-tPA was applied to one of them. Of the 146 patients with
COVID-19-unrelated acute ischemic stroke, iv-tPA was ap-
plied to 18, thrombectomy to 11, and thrombectomy with
iv-tPA to 7. There was no statistically significant difference
between the groups in terms of acute treatment approach-
es (Table 3).

Acute Hemorrhagic Stroke (COVID-19-related and
Unrelated)

Hemorrhagic stroke was more common in COVID-19-re-
lated stroke group (17.4% vs. 9.3%). Of 4 COVID-19-relat-
ed hemorrhagic stroke patients, three had lobar, and one
had putaminal hematoma. Of 15 COVID-19-unrelated
hemorrhagic stroke patients, nine had thalamic, four had
putaminal, and two had lobar hematoma. This difference
between two groups was statistically significant (p=0.031;
Chi-square test). Diffusion-apparent diffusion coefficient
MRI and thorax CT images of a COVID-19-related acute
ischemic stroke patient are presented in Figure 2.

First case of COVID-19 was reported in Turkey on March 11,
2020. In our study evaluating the first 2 months after the
first case which was the height of the pandemic in Turkey,
the main finding is larger infarct size, higher admission NI-
HHS values, higher mortality rates, and worse prognosis
in COVID-19-related acute stroke patients. There is limited
number of studies in the literature on COVID-19-related
acute stroke, and they are mostly presented as case series.
Similar to our study, the main feature of these studies is
that the prognosis of acute strokes related to COVID-19 is
worse 511

In a study conducted in New York, when COVID-19 positive
and negative acute stroke patients were compared, it was
reported that positive cases had higher admission NIHSS
score (median [IQR] NIHSS score: 19 23 ys, 8 4, p=0.007)
and a high patient mortality rate (63.6% vs. 9.3%, p<0.001).
I|n a hospital in Wuhan, 5 of 13 acute stroke with COVID-19
cases were reported to be mortal.l'lIn a case series consist-

Table 3. Comparison of COVID-19-related and unrelated strokes in terms of acute treatment approaches

COVID-related COVID-unrelated Total
acute stroke acute stroke

n % n % n %
iv-tPA 3 13.0 18 11.2 21 11.4
MT 0 0.0 11 6.8 11 6.0
iv-tPA+MT 1 4,3 7 43 8 43
None 19 82.6 125 77.6 144 78.2
Total 23 100.0 161 100.0 184 100.0

iv-tPA: Intravenous tissue plasminogen activator; MT: Mechanical thrombectomy.
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Figure 2. (a, b) Diffusion-apparent diffusion coefficient (ADC) mag-
netic resonance imaging (MRI) and thorax computed tomography
(CT) imaging of a patient who was admitted to the emergency de-
partment with sudden onset dysarthria and left hemiparesis and di-
agnosed with COVID-19-related acute stroke. (a) Cortically located
acute ischemia in the right middle cerebral artery territory area in
diffusion-ADC MRI, (b) Multilobar, peripheral, patchy ground-glass
infiltration areas in both lungs on thoracic CT imaging.

ing of 6 patients (4 with ischemic stroke and 2 with hemor-
rhagic stroke), it was reported that 4 (67%) of the patients
were dead, 1 was followed in coma and the remaining one
patient had an mRS score of 4.'% In our study, similar to
these studies, admission NIHSS scores, poor prognosis, and
mortality was found with higher rates in COVID-19-related
acute strokes. However, our rates (admission NIHSS score
9,8%, poor prognosis 69,6%, mortality 39,1%) were lower.
This result may be due to the fact that we used acute treat-
ment approaches (such as iv-tPA, MT) at the same rates in
both groups in our center. This indicates that we should
fully implement the acute stroke treatment requirements
in COVID-19-related acute stroke patients. The fact that pa-
tients are infected with COVID-19 should not require neu-
rologists to hesitate to use these treatments. In our study,
the worse prognosis of COVID-19-related acute strokes and
their presentation with a more severe stroke clinic can be
explained by the role of infections in the pathophysiology
of thrombosis.

Infections activate an activation cascade leading to cyto-
kine production. The release of proinflammatory cytokines
triggers the production and release of new cytokines, caus-
ing damage to local or distant organs. It has been shown

that “Cytokine storm,” which is thought to be the result
of excessive or uncontrolled release of proinflammatory
cytokines, may occur due to a virus, bacterial and fungal
infections.'>'3! Recent studies have shown that severe CO-
VID-19 is associated with increases in interleukin (IL)-6, IL-
10, and cytokine storms may be the pathogenesis of severe
COVID-19 disease."*™ Increased cytokines can stimulate
thrombopoietin and fibrinogen production, causing isch-
emic stroke by promoting hypercoagulability, atheroscle-
rosis, plaque rupture, and thrombosis.'®'”? Acute myocar-
dial injury, which has been shown to develop in the course
of COVID-19, may be associated with increasing the risk
of cardioembolic stroke."™ Another factor is the increased
susceptibility to deep vein thrombosis due to stasis sec-
ondary to immobilization.

In our study, the majority of patients with acute ischemic
stroke related to COVID-19 were cryptogenic subtypes with
a rate of 47.4% according to the TOAST classification. Simi-
larly, in the New York study, it was reported that the most
common subtype was cryptogenic subtype (34.4%) in 32
COVID-19 patients diagnosed with acute stroke.” There are
many risk factors for ischemic stroke, but strokes due to cryp-
togenic or uncertain causes, which make up about a third
of all strokes, do not have these risk factors.' This situation
makes the relationship between infections and stroke more
important. Acute infection is an important risk factor for
cerebral infarction, usually originating from the respiratory
tract and especially in the week before stroke, even if the ef-
fects of other risk factors are taken into account.*22

The risk of stroke is highest during the 1st week after diag-
nosis of acute infection and gradually decreases over the
following weeks.?"? Similarly, in our study, it was observed
that patients had an acute stroke on average 6.2 days after
the onset of COVID-19 complaints. In the study of Li et al.,
the average time from COVID-19 infection to the onset of
stroke was approximately 12 days, and in the study of Yaghi
et al., this period was 10 (5-16.5) days.[6'!

In our center, among 19 patients with acute ischemic
stroke related with COVID-19, acute stroke treatment in-
terventions such as iv-tPA and MT were applied to eligible
cases. The principles of treatment for acute ischemic stroke
did not differ in patients related to COVID-19, and the team
was continued to use full personal protective equipment
and comply with contact safety rules.

Knowing the factors associated with stroke and structur-
ing the treatment plan for them is important to reduce the
risk of stroke. It is recommended that anti-inflammatory
and anticoagulation therapy are used to prevent throm-
botic complications in COVID-19 patients.?*?*! Diagnosing
in the early stages based on clinical symptoms and labo-
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ratory tests and starting anti-inflammatory/anticoagulant
therapy as early as possible may be one way to stop the
clinical worsening of COVID-19 and reduce the risk of CVD.

Regarding hemorrhagic stroke, the results of our study
are also remarkable. Although rates vary in different stud-
ies, basal ganglia are the most common localization with
hemorrhagic stroke, while lobar hemorrhage is the least
common.?® In our study, in accordance with the literature,
13 basal ganglia and 2 lobar hemorrhagic strokes were de-
tected in the group unrelated to COVID-19, while three of
4 cases in the COVID-19-related hemorrhagic stroke group
were lobar; one of them was localized to the basal ganglia.
In the case series of Benger et al., it was reported that lobar
hemorrhage was found in 4 of 5 COVID-19 patients with
hemorrhagic stroke, and the only hemorrhagic stroke de-
tected among COVID-19-related stroke in another case se-
ries was located in the lobar.'%%"]

The main limitation of our study is the small sample size.
Studies with longer follow-up and larger patient groups are
needed for more precise results.

Conclusion

This is the first comparative study to evaluate the clinical
presentation and outcome of COVID-19-related acute isch-
emic and hemorrhagic stroke patients in Turkey. Our study
suggests that COVID-19-related acute stroke is associated
with more severe clinical presentation and worse outcome.
This seems to be linked to the coagulation abnormalities
induced by COVID-19 infection. Considering the worse
prognosis and higher mortality rates of COVID-19-related
acute stroke patients, it is very critical for clinicians to be
alert about the coexistence of COVID-19 and stroke, and
not to delay the diagnosis.

Disclosures

Ethics Committee Approval: Approval was obtained from the
Ministry of Health and Sisli Hamidiye Etfal Hospital Ethics Com-
mittee for the study (Approval number: 2020/2795).
Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept - D.S.D., G.G.; Design -
D.S.D., G.G,; Supervision - G.G., S.B.; Materials - D.S.D., C.I.B.; Data
collection &/or processing — D.S.D., C..B,; Analysis and/or inter-

pretation — G.G,, S.B.; Literature search - D.S.D.; Writing - D.S.D.,
G.G; Critical review -G.G., S.B.

References

1. Mao L, Jin H,Wang M, Hu Y, Chen S, He Q, et al. Neurologic mani-
festations of hospitalized patients with coronavirus disease 2019
in Wuhan, China. JAMA Neurol 2020;77:683-90. [CrossRef]

10.

11.

12.

13.

14.

15.

16.

17.

18.

The Medical Bulletin of Sisli Etfal Hospital

Mao L, Wang M, Chen S, He Q, Chang J, Hong C, et al. Neurological
manifestations of hospitalized patients with COVID-19 in Wuhan,
China: a retrospective case series study. medRxiv Feb 25 2020,
doi: 10.1101/2020.02.22.20026500. [CrossRef]

World Health Organization. Public health surveillance for CO-
VID-19:
int/publications/i/item/who-2019-nCoV-surveillanceguid-
ance-2020.8. Accessed Jan 27, 2022.

World Health Organization. Clinical management of COVID-19:
interim guidance, 27 May 2020. Available at: https://apps.who.
int/iris/handle/10665/332196. Accessed Jan 27, 2022. [CrossRef]
Valderrama EV, Humbert K, Lord A, Frontera J, Yaghi S. Severe
acute respiratory syndrome coronavirus 2 infection and ischemic
stroke. Stroke 2020;51:e124-7. [CrossRef]

Yaghi S, Ishida K, Torres J, Mac Grory B, Raz E, Humbert K, et al.
SARS-CoV-2 and Stroke in a New York Healthcare System. Stroke
2020;51:2002-11. [CrossRef]

Oxley TJ, Mocco J, Majidi S, Kellner CP, Shoirah H, Singh IP, et al.
Large-vessel stroke as a presenting feature of covid-19 in the
young. N Engl J Med 2020;382:€60. [CrossRef]

Avula A, Nalleballe K, Narula N, Sapozhnikov S, Dandu V, Toom
S, et al. COVID-19 presenting as stroke. Brain Behav Immun
2020;87:115-9. [CrossRef]

Khan M, Ibrahim RH, Siddigi SA, Kerolos Y, Al-Kaylani MM, AIRukn
SA, et al. COVID-19 and acute ischemic stroke - A case series from
Dubai, UAE. Int J Stroke 2020;15:699-700. [CrossRef]

Morassi M, Bagatto D, Cobelli M, D'Agostini S, Gigli GL, Bna C, et
al. Cerebrovascular complications in patients with SARS-CoV-2
infection: Case series. Research Square 2020, doi: 10.21203/
rs.3.rs-23137/v1. [CrossRef]

LiY, Li M, Wang M, Zhou Y, Chang J, Xian Y, et al. Acute cerebrovas-
cular disease following COVID-19: a single center, retrospective,
observational study. Stroke Vasc Neurol 2020;5:279-84. [CrossRef]
Chousterman BG, Swirski FK, Weber GF. Cytokine storm and sep-
sis disease pathogenesis. Semin Immunopathol 2017;39:517-28.
Tisoncik JR, Korth MJ, Simmons CP, Farrar J, Martin TR, Katze
MG. Into the eye of the cytokine storm. Microbiol Mol Biol Rev
2012;76:16-32. [CrossRef]

Liu J, Li S, Liu J, Liang B, Wang X, Wang H, et al. Longitudinal char-
acteristics of lymphocyte responses and cytokine profiles in the
peripheral blood of SARS-CoV-2 infected patients. EBioMedicine
2020;55:102763. [CrossRef]

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical and
immunological features of severe and moderate coronavirus dis-
ease 2019. J Clin Invest 2020;130:2620-9. [CrossRef]

Epstein SE, Zhou YF, Zhu J. Infection and atherosclerosis: emerg-
ing mechanistic paradigms. Circulation 1999;100:€20-8. [CrossRef]
Lindsberg PJ, Grau AJ. Inflammation and infections as risk factors
for ischemic stroke. Stroke 2003;34:2518-32. [CrossRef]

Clerkin KJ, Fried JA, Raikhelkar J, Sayer G, Griffin JM, Masou-
mi A, et al. COVID-19 and cardiovascular disease. Circulation

interim guidance. Available at: https://www.who.


https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1101/2020.02.22.20026500
https://doi.org/10.15557/PiMR.2020.0004
https://doi.org/10.1161/STROKEAHA.120.030153
https://doi.org/10.1161/STROKEAHA.120.030335
https://doi.org/10.1056/NEJMc2009787
https://doi.org/10.1016/j.bbi.2020.04.077
https://doi.org/10.1177/1747493020938285
https://doi.org/10.21203/rs.3.rs-23137/v1
https://doi.org/10.1136/svn-2020-000431
https://doi.org/10.1007/s00281-017-0639-8
https://doi.org/10.1128/MMBR.05015-11
https://doi.org/10.1016/j.ebiom.2020.102763
https://doi.org/10.1172/JCI137244
https://doi.org/10.1161/01.CIR.100.4.e20
https://doi.org/10.1161/01.STR.0000089015.51603.CC

Selcuk Demirelli et al., Acute Stroke During the COVID-19 Pandemic Period / doi: 10.14744/SEMB.2021.65785 61

19.

20.

21.

22.

23.

2020;141:1648-55. [CrossRef]

Yaghi S, Bernstein RA, Passman R, Okin PM, Furie KL. Cryptogenic
stroke: research and practice. Circ Res 2017;120:527-40. [CrossRef]
Bova Y, Bornstein NM, Korczyn AD. Acute infection as a risk factor
for ischemic stroke. Stroke 1996;27:2204-6. [CrossRef]

Paganini-Hill A, Lozano E, Fischberg G, Perez Barreto M, Rajamani
K, Ameriso SF, et al. Infection and risk of ischemic stroke: differ-
ences among stroke subtypes. Stroke 2003;34:452-7. [CrossRef]
Becher H, Grau A, Steindorf K, Buggle F, Hacke W. Previous infec-
tion and other risk factors for acute cerebrovascular ischaemia:
attributable risks and the characterisation of high risk groups. J
Epidemiol Biostat 2000;5:277-83.

Smeeth L, Thomas SL, Hall AJ, Hubbard R, Farrington P, Vallance
P. Risk of myocardial infarction and stroke after acute infection or

24,

25.

26.

27.

vaccination. N Engl J Med 2004;351:2611-8. [CrossRef]

Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gom-
mers DAMPJ, Kant KM, et al. Incidence of thrombotic compli-
cations in critically ill ICU patients with COVID-19. Thromb Res
2020;191:145-7. [CrossRef]

PaarV, Wernly B, Zhou Z, Motloch LJ, Hoppe UC, Egle A, et al. Anti-
coagulation for COVID-19 treatment: both anti-thrombotic and
anti-inflammatory? J Thromb Thrombolysis 2021;51:226-31.
Flaherty ML, Woo D, Haverbusch M, Sekar P, Khoury J, Sauerbeck
L, et al. Racial variations in location and risk of intracerebral hem-
orrhage. Stroke 2005;36:934-7. [CrossRef]

Benger M, Williams O, Siddiqui J, Sztriha L. Intracerebral haemor-
rhage and COVID-19: Clinical characteristics from a case series.
Brain Behav Immun 2020;88:940-4. [CrossRef]


https://doi.org/10.1161/CIRCULATIONAHA.120.046941
https://doi.org/10.1161/CIRCRESAHA.116.308447
https://doi.org/10.1161/01.STR.27.12.2204
https://doi.org/10.1161/01.STR.0000053451.28410.98
https://doi.org/10.1056/NEJMoa041747
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1007/s11239-020-02212-6
https://doi.org/10.1161/01.STR.0000160756.72109.95
https://doi.org/10.1016/j.bbi.2020.06.005

