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Introduction: COVID-19 is a multi-system infection which predominantly affects the
respiratory system, but also causes systemic inflammation, endothelialitis and
thrombosis. The consequences of this include renal dysfunction, hepatitis and
stroke. In this systematic review, we aimed to evaluate the epidemiology, clinical
course, and outcomes of patients who suffer from stroke as a complication of
COVID-19. Methods: We conducted a systematic review of all studies published
between November 1, 2019 and July 8, 2020 which reported on patients who suf-
fered from stroke as a complication of COVID-19. Results: 326 studies were
screened, and 30 studies reporting findings from 55,176 patients including 899 with
stroke were included. The average age of patients who suffered from stroke as a
complication of COVID-19 was 65.5 (Range: 40.4�76.4 years). The average inci-
dence of stroke as a complication of COVID-19 was 1.74% (95% CI: 1.09% to 2.51%).
The average mortality of stroke in COVID-19 patients was 31.76% (95% CI: 17.77%
to 47.31%). These patients also had deranged clinical parameters including
deranged coagulation profiles, liver function tests, and full blood counts.
Conclusion: Although stroke is an uncommon complication of COVID-19, when
present, it often results in significant morbidity and mortality. In COVID-19
patients, stroke was associated with older age, comorbidities, and severe illness.
Key Words: Coronavirus—COVID-19—Stroke—Cerebrovascular accident—
Complication
© 2020 Elsevier Inc. All rights reserved.
Introduction

The coronavirus disease 2019 (COVID-19) pandemic
caused by the novel severe acute respiratory syndrome
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coronavirus 2 (SARS-CoV-2) continues to cause disrup-
tion nine months after it began in Wuhan, China.1

Although COVID-19 predominantly affects the respira-
tory system, studies in those with severe infections have
broadened our understanding of COVID-19 as a multi-
system inflammatory disorder with effects on the neuro-
logical system as well. Neurological complications associ-
ated with COVID-19 include mild complications such as
headache and anosmia, and more serious complications
such as encephalitis and stroke.2

Stroke appears to be an infrequent complication of
COVID-19 but when it occurs can result in significant
morbidity and mortality.3 Systematic reviews which
consolidate findings of stroke as a complication of
COVID-19 are scarce,3�6 examining few primary sour-
ces with limited coverage of demographic factors and
clinical parameters of patients. To address this gap in
literature, we conducted a systematic review to more
comprehensively evaluate the epidemiology, clinical
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2 I. SIOW ET AL.
course, and outcomes of patients who suffer from stroke
as a complication of COVID-19.
Methods

This review was conducted in accordance to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.7 A search string was devel-
oped to identify original research studies reporting clinical
features and treatment outcomes of patients with stroke as
a complication of COVID-19 [Supplementary Table S1].
Stroke was defined as a reduction in blood flow to the
brain causing infarction. For this analysis, only studies
reporting ischaemic and haemorrhagic strokes were
included. All strokes were diagnosed radiologically, such
as by CT or MRI scans of the brain. The search was applied
to the following four electronic databases: Pubmed, Ovid
Medline, Embase and Cochrane Central Register of Con-
trolled Trials (CENTRAL). Searches were performed for
each database on July 8, 2020. Limits were applied to the
search to identify studies published after November 1,
2019 as the first case of novel coronavirus was only
reported in December 2019. All titles and abstracts were
screened independently by two reviewers against a set of
pre-defined eligibility criteria. Potentially eligible studies
were selected for full-text analysis. Disagreements were
resolved by consensus or appeal to a third senior reviewer
(BEY). Agreement among the reviewers on study inclusion
was evaluated using Cohen’s kappa.8

All original studies reporting the clinical characteristics
(symptoms and signs, laboratory investigations and radio-
logical findings) and treatment outcomes of COVID-19
patients with stroke complications were included in our
systematic review. Case reports and studies of small sam-
ple sizes (<5) were excluded per recommendations by the
Cochrane Statistical Methods Group and in accordance
with methodologies of previously published meta-analy-
ses.9 Other exclusion criteria included non-English articles,
non-original research papers, laboratory-based and epide-
miological studies with no clinical characteristics reported,
as well as non-human research subjects [Supplementary
Table S2]. The PRISMA chart is detailed in Fig. 1.
The quality of included studies was assessed using the

Joanna Briggs Institute (JBI) checklist for prevalence stud-
ies and the JBI checklist for case series.10 In summary,
these tools rated the quality of selection, measurement
and comparability for all studies and gave a score for
cross-sectional studies and case series. Two researchers
assessed the quality of all included studies and discussed
discrepancies until consensus was reached. Funnel plots
were generated to check the publication bias of the
included studies [Supplementary figures S1 � S5].
Data was extracted on the following variables: study

details, sample size of study, method of diagnosis, age,
gender, coexisting medical conditions, clinical symptoms,
laboratory investigations, treatment details, and patient
outcomes. The primary outcome measure was mortality
in hospital. Secondary outcome measures included a stay
in the Intensive Care Unit (ICU) or High Dependency
Unit (HDU) and ventilator use.
Random effects meta-analyses were performed on vari-

ables and end points due to observed estimates and sam-
pling variability across studies. Pooled proportions were
computed with the inverse variance method using the
variance-stabilising Freeman-Tukey double arcsine trans-
formation.11 Confidence intervals (CI) for individual stud-
ies were calculated using the Clopper-Pearson interval
method. The I2 statistic was used to present between-
study heterogeneity, where I2 � 30%, between 30% and
50%, between 50% and 75%, and � 75% were considered
to indicate low, moderate, substantial, and considerable
heterogeneity, respectively.12 P values for the I2 statistics
were computed by chi-square distribution of Cochran Q
test. Missing values of mean were input using median.
Statistical analysis was performed using R Core Team.13

We fixed type I error at 5% (p < 0.05) and reported 95%
confidence interval for all calculations.
Results

Our search strategy yielded 326 unique publications
after removal of duplicates. After screening of titles and
abstracts, 81 publications were reviewed in full text. A
total of 30 original studies14�43 were eventually included
in our systematic review with a combined population of
55,176 patients, including 899 who experienced a stroke
[Table 1]. Reliability of study selection between observers
was substantial at both the title and abstract screening
stage (Cohen’s k = 0.93) and the full-text review stage
(Cohen’s k = 1.00).8

The majority of the 30 studies originated from the
United States (N = 15, 50.0%) and the United Kingdom
(N = 7, 23.3%). Two studies each originated from Italy
and Spain and 1 study each originated from China, Ger-
many, Iran and the Netherlands [Table 1]. Sixteen studies
were cross-sectional in nature (53.3%) and 14 (46.7%)
were case series. Of the 16 cross-sectional studies, 6 stud-
ies attained a full score of 8 on the JBI checklist for cross-
sectional studies, 1 study attained a score of 7, and 9 stud-
ies attained a score of 6 [Supplementary Table S3]. Of the
14 case series, 13 studies attained a full score of 10 on the
JBI checklist for case series and 1 study attained a score of
7 [Supplementary Table S4].
Eleven studies reported on the incidence of stroke as a

complication of COVID-19, including 2 studies which
reported on the incidence of stroke as a complication in
critically-ill COVID-19 patients. Combining results, the
pooled incidence of stroke as a complication of COVID-19
was 1.74% (95% CI: 1.09% to 2.51%). Excluding the 2 stud-
ies which studied critically-ill populations, the incidence
of stroke as a complication of COVID-19 patients was



Fig. 1. PRISMA Chart.
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1.44% (95% CI: 0.87% to 2.13%). Notably, 3 of the 11 stud-
ies reported incidence under 1% [Figs. 2 and 3].
Demographic information of patients who suffered

from stroke as a complication of COVID-19 was analysed.
The mean age of patients who suffered from stroke as a
complication of COVID-19 was 65.5 years (Range:
40.4�77.0 years). More males suffered from stroke as a
complication of COVID-19 than females, with 70.5% of
such patients being male. The average admission National
Institute of Health Stroke Scale (NIHSS) score of patients
who suffered stroke as a complication of COVID-19 was
17.9 (Range: 9.1�29.0) [Table 1]. The most common
comorbidities in patients were hypertension (57.5% of
patients), hyperlipidaemia (40.1%), and diabetes mellitus
(33.7%). Less commonly encountered comorbidities
included ischaemic heart disease (26.3%), malignancy
(23.1%), chronic kidney disease (16.9%), and smoking
(14.2%) [Table 2].
Clinical symptoms of patients such as COVID-19 symp-

toms and stroke symptoms were analysed. Of the 11 stud-
ies that reported on COVID-19 symptoms, 7 reported that
all the patients included in their study experienced at least
1 COVID-19 symptom during their clinical course. Short-
ness of breath (59.1% of patients) and cough (56.2%) were
the most common symptoms experienced. Fever (43.0%)
and myalgia (41.7%) were less common. Additionally,
24.5% of patients were asymptomatic i.e. did not experi-
ence any COVID-19 symptoms. Of the 9 studies that
reported on stroke symptoms, all reported that at least
half of the patients in their study experienced one or more



Table 1. Summary of studies

Study Country Study design No. stroke patients Age, Mean Male, N (%) NIHSS, Mean

Ashrafi et al. Iran Case series 6 43.5 3 (50.0) 10.2

Belani et al. United States Cross-sectional 19 65.6

Benger et al. United States Case series 5 52.5 3 (60.0)

Benussi et al. United States Cross-sectional 38

Beyrouti et al. United Kingdom Case series 6 69.8 5 (83.3)

Cantador et al. Spain Cross-sectional 8 76.4 7 (87.5)

Coolen et al. United States Cross-sectional 19 77.0 14 (73.7)

D’Anna et al. United Kingdom Case series 8 64.4 7 (87.5) 9.1

Escalard et al. United States Cross-sectional 10 59.5* 8 (80.0) 22.0*

Immovilli et al. Italy Case series 19 9.8

Jain et al. Netherlands Cross-sectional 35 66.0*

Khan et al. United Kingdom Case series 22 46.3 20 (90.9)

Kihira et al. United Kingdom Cross-sectional 18

Klok et al. United States Cross-sectional 5

Kremer et al. United States Case series 37 61.0 30 (81.1)

Li et al. China Case series 11 75.5 5 (45.5) 14.4

Lodgiani et al. United States Cross-sectional 9 68.4 6 (66.7)

Merkler et al. United States Cross-sectional 31 69.0* 18 (58.1) 16.0*

Mohamud et al. United States Case series 6 65.8 5 (83.3) 13.3

Morassi et al. Italy Case series 6 68.5 5 (83.3)

Nalleballe et al. United States Cross-sectional 406

Oxley et al. United States Case series 5 40.4 4 (80.0) 16.8

Pons-Escoda et al. Spain Cross-sectional 20 71.0* 13 (65.0)

Scullen et al. United States Cross-sectional 7

Sierra et al. Germany Case series 8 68.5* 7 (87.5) 27.0*

Sweid et al. United Kingdom Case series 22 59.5 10 (45.5) 13.8

Varatharaj et al. United Kingdom Cross-sectional 66 73.5* 44 (66.7)

Wang et al. United Kingdom Case series 5 52.8 4 (80.0) 22.8

Xiong et al. United States Cross-sectional 10

Yaghi et al. United States Cross-sectional 32 63.0* 23 (71.9) 29.0*

Overall 899 65.5y 241 (70.5) 17.9y

*Data originally reported as median.
†Weighted average.

Fig. 2. Incidence of Stroke.
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Fig. 3. Incidence of Stroke Excluding Critically-ill Studies.

Table 2. Comorbidities

Study No.

stroke

Patients

Diabetes

Mellitus,

N (%)

Hypertension,

N (%)

Hyperlipidaemia,

N (%)

Chronic

Kidney

Disease,

N (%)

Ischaemic

heart

disease,

N (%)

Malignancy,

N (%)

Smoking,

N (%)

Ashrafi et al. 6 1 (16.7) 3 (50.0) 0 (0.0)

Benger et al. 5 2 (40.0) 4 (80.0) 1 (20.0) 1 (20.0)

Beyrouti et al. 6 1 (16.7) 2 (33.3) 1 (16.7)

Cantador et al. 8 4 (50.0) 8 (100.0) 7 (87.5) 5 (62.5) 6 (75.0)

Coolen et al. 29 6 (20.7) 16 (55.2) 7 (24.1) 5 (17.2) 5 (17.2)

D’Anna et al. 8 2 (25.0) 5 (62.5) 1 (12.5) 2 (25.0) 2 (25.0) 2 (25.0)

Escalard et al. 20 4 (20.0) 5 (25.0) 3 (15.0) 1 (5.0)

Immovilli

et al.

19 2 (10.5) 16 (84.2)

Jain et al. 35 14 (40.0)

Khan et al. 22 8 (36.4) 7 (31.8) 2 (9.1) 2 (9.1)

Li et al. 11 6 (54.5) 9 (81.8) 3 (27.3) 1 (9.1) 1 (36.4)

Lodgiani et al. 9 2 (22.2)

Merkler et al. 31 23 (74.2) 30 (96.8) 17 (54.8) 8 (25.8) 16 (51.6)

Mohamud

et al.

6 5 (83.3) 6 (100.0) 1 (16.7)

Morassi et al. 6 3 (50.0) 4 (66.7) 2 (33.3) 1 (16.7)

Oxley et al. 5 2 (33.3) 1 (16.7) 1 (16.7)

Pons-Escoda

et al.

20 5 (25.0) 13 (65.0) 9 (45.0) 1 (5.0)

Sierra et al. 8 3 (37.5) 5 (62.5) 4 (50.0) 0 (0.0)

Sweid et al. 22 2 (9.1) 10 (45.5) 1 (4.5) 3 (13.6)

Wang et al. 5 1 (20.0) 2 (40.0) 2 (40.0)

Yaghi et al. 32 11 (34.4) 18 (56.3) 18 (56.3) 7 (21.9) 0 (0.0)

Overall 313 91 (33.7) 172 (57.5) 69 (40.1) 10 (16.9) 45 (26.3) 15 (23.1) 21 (14.2)

STROKE AND COVID-19 5
stroke symptoms. Common stroke symptoms included
unilateral hemiparesis or hemiplegia (66.7%), loss of con-
sciousness or decreased levels of consciousness (66.0%),
and headache (11.9%). Other less common symptoms that
patients with stroke as a complication of COVID-19
suffered from were aphasia, generalised weakness, and
dizziness [Table 3].
Clinical parameters of COVID-19 patients who suffered

from stroke as a complication were also analysed. Six
studies reported results of liver function tests.
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Aminotransferase (AST) levels were raised, with an aver-
age of 51.9 u/L (Range: 28�116 u/L). Alanine amino-
transferase (ALT) levels were mildly raised, with an
average of 58.2 u/L (Range: 28�75 u/L). CRP levels were
within normal range, with an average of 10.0 u/L (Range:
2.27�20.80 u/L). Fifteen studies reported on coagulation
profile. D-dimer levels were raised, with an average of
3,301.1 ng/mL (Range: 3�25,261 ng/mL). Prothrombin
time (PT) was raised, with an average of 13.1 s (Range:
10.0 s�15.52 s). Activated partial thromboplastin time
(aPTT) was within normal range, with an average of
24.2 s (Range: 2.10 s�55.00 s). Nine studies reported on
full blood count. Haemoglobin (Hb) levels were low, with
an average of 10.3 g/dL (Range: 9.12�12.89 g/dL). Plate-
let (Plt) levels were within normal range, with an average
of 240,704.3 per mm3 (Range: 78,000�319,000 per mm3).
White blood cell (WBC) levels were within normal range,
with an average of 10,094.8 cells/mm3 (Range:
7,193�12,400 cells/mm3) [Table 4].
Twenty-seven studies reported the type of stroke,

whether ischaemic or haemorrhagic. Ischaemic stroke
included large vessel strokes and lacunar strokes. Haemor-
rhagic stroke included subarachnoid haemorrhage and
intracerebral haemorrhage. Ischaemic stroke was more
common than haemorrhagic stroke as a complication of
COVID-19, with an average of 82.8% of patients suffering
from ischaemic stroke as a complication of COVID-19 and
only 17.2% of patients suffering from haemorrhagic stroke
as a complication of COVID-19 [Table 5].
The primary outcome studied was the mortality rate of

patients who suffered from stroke as a complication of
COVID-19 and the secondary outcomes studied were the
rates of ventilator use and rates of ICU/HDU stay.
Twenty studies reported on the mortality rate of patients
who suffered from stroke as a complication of COVID-19.
The pooled mortality rate of patients who suffered from
stroke as a complication of COVID-19 was 31.76% (95%
CI: 17.77% to 47.31%) [Fig. 4]. Among severely ill patients,
the pooled mortality rate was 84.8% [Table 6]. Nine stud-
ies reported rates of ventilator use in patients who suf-
fered from stroke as a complication of COVID-19. The
pooled rates of ventilator use in patients who suffered
from stroke as a complication of COVID-19 was 63.47%
(95% CI: 31.99% to 90.42%) [Fig. 5]. Ten studies reported
rates of ICU/HDU stay in patients who suffered from
stroke as a complication of COVID-19. The pooled rates of
ICU/HDU stay in patients who suffered from stroke as a
complication of COVID-19 was 63.24% (95% CI: 36.90% to
86.46%) [Figure 6].
In different subgroups of COVID-19 patients who suf-

fered from stroke as a complication, the outcomes varied.
Four studies with a combined population of 38 patients
reported on stroke as a complication of COVID-19 in
young patients, aged 60 and below. The average age was
45.9 (Range: 40.4�52.8). The average NIHSS was 16.2
(Range: 10.2�22.8). All patients studied suffered from
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Table 5. Type of stroke (Ischaemic VS Haemorrhagic)

Study No. stroke

patients

Ischaemic

stroke, N (%)

Haemorrhagic

stroke, N (%)

Ashrafi et al. 6 6 (100.0) 0

Belani et al. 19 19 (100.0) 0

Benger et al. 5 0 (0.0) 5

Benussi et al. 38 35 (92.1) 3

Beyrouti et al. 6 6 (100.0) 0

Cantador et al. 8 8 (100.0) 0

Coolen et al. 19 4 (21.1) 15

D’Anna et al. 8 7 (87.5) 1

Escalard et al. 10 10 (100.0) 0

Immovilli et al. 19 17 (89.5) 2

Jain et al. 35 26 (74.3) 9

Khan et al. 22 22 (100.0) 0

Klok et al. 5 5 (100.0) 0

Kremer et al. 37 17 (45.9) 20

Li et al. 11 10 (90.9) 1

Lodgiani et al. 9 9 (100.0) 0

Merkler et al. 31 31 (100.0) 0

Mohamud et al. 6 6 (100.0) 0

Morassi et al. 6 4 (66.7) 2

Oxley et al. 5 5 (100.0) 0

Pons-Escoda et al. 20 13 (65.0) 7

Scullen et al. 7 4 (57.1) 3

Sierra et al. 8 8 (100.0) 0

Sweid et al. 22 19 (86.4) 3

Varatharaj et al. 66 57 (86.4) 9

Wang et al. 5 5 (100.0) 0

Yaghi et al. 32 32 (100.0) 0

Overall 465 385 (82.8) 80 (17.2)
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ischaemic stroke, and none suffered from haemorrhagic
stroke. The outcomes were better than that of the general
population of patients who suffered from stroke as a com-
plication of COVID-19, with 73.7% of patients surviving
and 26.3% of patients suffering mortality. Four studies
with combined population of 260 patients reported on
stroke as a complication of COVID-19 in severely-ill
patients. Severe illness was categorised either by author’s
definition or defined as patients who required admission
to the ICU or HDU. The incidence of stroke in severely-ill
patients COVID-19 patients was 9.8% (Range: 2.7% to
30.6%). The average age was 73.4 (Range: 68.5�77.0). The
proportion of patients who suffered from ischaemic stroke
and haemorrhagic stroke were similar, with 55.3% suffer-
ing from ischaemic stroke and 44.7% of patients suffering
from haemorrhagic stroke. The outcomes were poor, with
84.8% of patients suffering mortality and 15.2% of patients
surviving. Four studies with a combined population of
3,403 patients reported on stroke as a complication of
COVID-19 in patients with comorbidities. Comorbidities
studied included hypertension, hyperlipidaemia, diabetes
mellitus, chronic kidney disease, ischaemic heart disease,
malignancy and smoking. The incidence of stroke in
COVID-19 patients with comorbidities was 1.2% (Range:



Fig. 4. Outcomes, Mortality.

Table 6. Outcomes, mortality (severely ill)

Study No. stroke patients, N Death, N (%) Survival, N (%)

Coolen et al. 19 19 (100.0) 0 (0)

Morassi et al. 6 5 (83.3) 1 (16.7)

Sierra et al. 8 4 (50.0) 4 (50.0)

Overall 33 28 (84.8) 5 (15.2)

Fig. 5. Outcomes, Use of Ventilator.
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Fig. 6. Outcomes, ICU/HDU Stay.
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<1%�1.6%). The majority of patients suffered from
ischaemic stroke, with 76.6% suffering from ischaemic
stroke and 23.4% suffering from haemorrhagic stroke. The
outcomes were poor, with 63.6% of patients suffering
mortality and 36.4% of patients surviving [Table 7].
Discussion

We comprehensively evaluated the epidemiology, inci-
dence, clinical course, and outcomes of patients who suf-
fered from stroke as a complication of COVID-19. Our
study shows that the incidence of stroke in COVID-19
patients is relatively low, but increases in certain sub-
groups such as the severely-ill. However, patients who
suffer from stroke as a complication of COVID-19 have
poor outcomes including admission to intensive care facil-
ities, use of ventilators, and high mortality rate. In certain
subgroups, such as the severely-ill and those with comor-
bidities, the mortality rate is even higher. It might be help-
ful to be vigilant of stroke as a complication of COVID-19
as, although uncommon, it can have severe consequences
to patient outcomes.3

Demographic risk factors such as age and comorbidities
were found to increase risk of suffering from stroke as a
complication of COVID-19. Firstly, patients who suffer
from stroke as a complication of COVID-19 are generally
older, with an average age of 65.5 years (Range: 40.4�76.4
years). However, some studies have reported on the phe-
nomenon of stroke as a complication of COVID-19 in
young patients,14,25,35,41 which will be further discussed in
a subsequent section. Secondly, most patients who suffer
from stroke as a complication of COVID-19 have one or
more pre-existing comorbidities. The most common
comorbidities reported are hypertension and diabetes
mellitus. Although less common, malignancy is also a
comorbidity reported in some patients, possibly because
it increases coagulopathy.44 Although the reason for
stroke being a more common complication in elderly
COVID-19 patients with pre-existing medical conditions
is still unclear, one theory is that their lower levels of
physiological reserves results in insufficient reserves to
compensate for the physiological derangements caused
by COVID-19.45 Interestingly, a significant number of
studies report a male preponderance for stroke complica-
tions in covid-19 patients. This aetiology is still unknown.
Common symptoms of COVID-19 include mild symp-

toms such as cough and fever, as well as more severe
symptoms such as shortness of breath.14,16,18 Common
symptoms of stroke include hemiparesis or hemiplegia
and headache.28,32,35 Most often, patients who suffer from
stroke as a complication of COVID-19 experience both
COVID-19 symptoms and stroke symptoms during their
clinical course. However, some patients who suffer from
stroke as a complication of COVID-19 experience only
stroke symptoms and are asymptomatic carriers of
COVID-19.22,25,32,35 One theory is that it could be due to
the differences in severity of disease with more severe dis-
ease manifesting in symptoms while less severe disease
being asymptomatic.46 Another theory relates to the
patient’s individual physiological reserves where patients
with higher reserves can withstand the same disease bur-
den without experiencing symptoms.45 This phenomenon
has implications on clinical practice. If clinicians encoun-
ter patients with only stroke symptoms and no COVID-19
symptoms, it is still important for them to be conscious
that these patients may be asymptomatic carriers of
COVID-19.22,25,32,35 Exercising an appropriate level of cau-
tion when treating such patients could be beneficial espe-
cially if they have risk factors for COVID-19, such as
positive contact or travel histories.47 Several reviews have



Table 7. Analysis of patient subgroups

First author No.

patients

No. stroke

patients

Age,

Mean

NIHSS,

Mean

Incidence

of stroke (%)

Type of stroke Outcome

Ischaemic,

N (%)

Haemorrhagic,

N (%)

Death,

N (%)

Survival,

N (%)

Young Patients Subgroup

Ashrafi et al. 6 43.5 10.2 6 (100.0) 0 (0.0) 1 (16.7) 5 (83.3)

Khan et al. 22 46.3 22 (100.0) 0 (0.0) 6 (27.3) 16 (72.7)

Oxley et al. 5 40.4 16.8 5 (100.0) 0 (0.0) 0 (0.0) 5 (100.0)

Wang et al. 5 52.8 22.8 5 (100.0) 0 (0.0) 3 (60.0) 2 (40.0)

Overall 38 45.9 16.2 38 (100.0) 0 (0.0) 10 (26.3) 28 (73.7)

Severely-ill Patients Subgroup

Coolen et al. 62 19 77.0 30.6 4 (21.1) 15 (78.9) 19 (100.0) 0 (0.0)

Klok et al. 184 5 2.7 5 (100.0) 0 (0.0)

Morassi et al. 6 6 68.5 4 (66.7) 2 (33.3) 5 (83.3) 1 (16.7)

Sierra et al. 8 8 68.5 8 (100.0) 0 (0.0) 4 (50.0) 4 (50.0)

Overall 260 38 73.4 9.8 21 (55.3) 17 (44.7) 28 (84.8) 5 (15.2)

Patients with Comorbidities Subgroup

Cantador et al. 1,419 8 76.4 <1.0 8 (100.0) 0 (0.0) 2 (25.0) 6 (75.0)

Coolen et al. 62 19 77.0 4 (21.1) 15 (78.9) 19 (100.0) 0 (0.0)

Merkler et al. 1,916 31 69.0 16.0 1.6 31 (100.0) 0 (0.0)

Mohamud et al. 6 6 65.8 13.3 6 (100.0) 0 (0.0) 0 (0.0) 6 (100.0)

Overall 3403 64 72.0 15.6 1.2 49 (76.6) 15 (23.4) 21 (63.6) 12 (36.4)
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proposed comprehensive stroke activation plans in the
COVID-19 climate to maximise clinician safety while not
compromising on patient care and patient outcomes.47

As compared to the general population of COVID-19
patients, young patients are less likely to suffer from
stroke as a complication of COVID-19. Additionally,
young COVID-19 patients who suffer from stroke also
tend to have better outcomes, as observed by their lower
levels of mortality and lower rates of admission to the
ICU or HDU for care. In contrast, severely-ill patients and
those with comorbidities are more likely to suffer from
stroke as a complication of COVID-19 as compared to the
general population of COVID-19 patients. These two sub-
groups also tend to have worse outcomes.20,27,31,33,38 It
remains unclear whether stroke is a direct complication of
severe COVID-19, or whether it is the consequence of
stress in vulnerable populations with less physiological
reserves. Summarily, we conclude that older patients,
patients with comorbidities, and severely ill patients have
a higher likelihood of suffering from stroke as a complica-
tion of COVID-19 and also have poorer outcomes. There-
fore, these subgroups would benefit from closer
monitoring for the occurrence of stroke.
Ischaemic stroke is more a common complication of

COVID-19 compared to haemorrhagic stroke.14,15,17 Out
of the ischaemic strokes, more patients seem to suffer
from large vessel strokes compared to small vessel or
lacunar strokes.22,31,38 However, as few studies reported
on the stroke subtypes (whether large vessel or small ves-
sel), this review is unable to come to definitive conclusion
in this area. Notably, there are also a few reports of hae-
morrhagic stroke as a complication of COVID-19.20,24,28
Patients with haemorrhagic stroke tend to fare worse than
those with ischaemic stroke. Some proposed mechanisms
of the pathophysiology of stroke as a complication of
COVID-19 are as follows.
Firstly, systemic processes could give rise to stroke as a

complication of COVID-19. Such systemic processes
include increased coagulopathy48 and inflammatory
response.49 Regarding coagulopathy, the Systemic Inflam-
matory Response Syndrome (SIRS) is mediated by
COVID-19 virus or viral products.49 This causes the devel-
opment of severe coagulopathy, defined as COVID-19
associated coagulopathy (CAC). CAC is characterised by
elevation of blood coagulation markers (D-dimers, fibrin-
ogen), rise of peripheral inflammatory markers (PT,
aPTT), and mild thrombocytopenia, and leads to
increased clot formation. Among other places, clots also
embolise to cerebral arteries, leading to an increase in
rates of ischaemic stroke. Regarding inflammatory
response, in some case reports of patients who suffered
from stroke as a complication of COVID-19, antiphospho-
lipid antibodies were present in high levels.50 Such anti-
phospholipid antibodies include anticardiolipin IgA
antibodies as well as anti�b2-glycoprotein I IgA and IgG
antibodies. Antiphospholipid antibodies launch an inap-
propriate autoimmune response against the body’s phos-
pholipid proteins, and their presence in high levels
indicates the possibility of antiphospholipid syndrome.
This autoimmune response may play a role in mediating
stroke as a complication of COVID-19.48 As there is anec-
dotal evidence from several case reports illustrating this
phenomenon, future work could explore this systemati-
cally to provide a better understanding.
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Secondly, direct invasion of the brain parenchyma by
SARS-CoV-2 could also give rise to stroke as a complica-
tion of COVID-19.49 SARS-CoV-2 can bind to ACE-II
receptors of host cells. ACE-II receptors are expressed in a
variety of tissue types, including the epithelial cells of the
respiratory system, the endothelial cells of the gastrointes-
tinal system, as well as our area of interest, neurons and
glial cells of the central nervous system (CNS). SARS-
CoV-2 binds to ACE-II receptors in cells of the CNS and
enters via receptor-mediated endocytosis, depleting the
ACE-II receptors in the process. This leaves the ACE-I
receptor unopposed, causing increased generation of
angiotensin II, leading to downstream effects of neuroin-
flammation and vasoconstriction, ultimately resulting in
stroke. Notably however, the level of ACE-II receptors in
the CNS is low, making this mechanism more likely a sup-
portive cause rather than a primary cause of stroke as a
complication of COVID-19. The pathophysiology of
SARS-CoV-2 bears resemblance to that seen in previous
coronavirus outbreaks such as SARS-CoV from
2002�2004 and, to a lesser extent, MERS in 2012, where
the aforementioned coronaviruses caused strokes via
induction of a hypercoagulable state or direct invasion
into the brain parenchyma.3

Of late, there has been some discussion regarding the
extent to which serological testing of COVID-19 in
patients with stroke could be employed. Although screen-
ing all stroke patients for COVID-19 would be ideal47

given the high morbidity of stroke and the fact that a posi-
tive COVID-19 status would alter course of treatment, the
low incidence of stroke as a complication of COVID-
1924,34,43 makes it challenging to justify the amount of
resources required for such screening. Perhaps screening
could be justified in certain subgroups of patients such as
those with comorbidities, for whom the outcomes are
poorer20,31 and would thus require more watchful care if
a positive diagnosis of COVID-19 is made.
There are several limitations to our study. Firstly, many

of the studies included were case series, which held prom-
inent publication bias. Secondly, only studies published in
English were included which may introduce selection
bias. Unpublished materials (such as recently completed
studies) were also excluded, which might affect the con-
clusions drawn. Future work could explore the incidence
of stroke with a greater sample size to gain a more accu-
rate picture. Further investigations of the phenomenon of
stroke as a complication of COVID-19 in young patients
with no comorbidities and in asymptomatic COVID-19
patients would also help to expand our observations.
Conclusions

This systematic review and meta-analysis evaluated the
epidemiology, clinical course, and outcomes of patients
who suffered from stroke as a complication of COVID-19.
Although the incidence of stroke in hospitalized COVID-
19 patients was low at 1.74%, the mortality rate of patients
who suffered from stroke as a complication of COVID-19
was high at 31.76%. In COVID-19 patients, stroke was
associated with older age, comorbidities, and severe ill-
ness. Further research through collaborative international
registries would help us to comprehensively decipher the
pathophysiology and prognosis of stroke in COVID-19,
improving the effectiveness of care.
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