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ABSTRACT
BACKGROUND AND PURPOSE: Coronavirus disease 2019 (COVID-19) is an active worldwide pandemic with diverse complications.
Stroke as a presentation has not been strongly associated with COVID-19. The authors aimed to retrospectively review a link
between COVID-19 and acute stroke.
MATERIALS AND METHODS: We conducted a retrospective case-control study of 41 cases and 82 control subjects matched by
age, sex, and risk factors. Cases were patients who underwent stroke alert imaging with conﬁrmed acute stroke on imaging
between March 16 and April 5, 2020, at 6 hospitals across New York City. Control subjects were those who underwent stroke alertimaging during the same timeframe without imaging evidence of acute infarction. Data pertaining to diagnosis of COVID-19 infection, patient demographics, and risk factors were collected. A univariate analysis was performed to assess the covariate effect of
risk factors and COVID-19 status on stroke imaging with positive ﬁndings.
RESULTS: The mean age for cases and controls was 65.5 6 15.3 years and 68.8 6 13.2 years, respectively. Of patients with acute ischemic stroke, 46.3% had COVID-19 infection compared with 18.3% of controls (P ¼ .001). After adjusting for age, sex, and risk factors, COVID-19 infection had a signiﬁcant independent association with acute ischemic stroke compared with control subjects (OR,
3.9; 95% CI, 1.7–8.9; P ¼ .001).
CONCLUSIONS: We demonstrated that COVID-19 infection is signiﬁcantly associated with imaging conﬁrmation of acute ischemic
stroke, and patients with COVID-19 should undergo more aggressive monitoring for stroke.
ABBREVIATIONS: COVID-19 ¼ coronavirus disease 2019; SARS-CoV-2 ¼ Severe Acute Respiratory Syndrome coronavirus 2; RT-PCR ¼ reverse transcriptase
polymerase chain reaction

I

n December 2019, a novel Severe Acute Respiratory Syndrome
coronavirus 2 (SARS-CoV-2) emerged in Wuhan, China.1
Coronavirus disease 2019 (COVID-19), the clinical manifestation
of SARS-CoV-2 infection, has since spread into a worldwide pandemic.2 According to the World Health Organization, as of April
22, 2020, at least 2.5 million confirmed cases of COVID-19 have
been detected in 213 countries, with at least 169,000 patients
dying from their disease or complications thereof.3
From the initial outbreak in China, transmission was identified
from respiratory droplets and fomites, with symptoms initially
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reported as fever, dyspnea, cough, and severe hypoxia. With greater
clinical experience, a broader spectrum of symptoms has emerged,
such as gastrointestinal disease, headache, altered mental status,
anosmia, and confusion.4-6 An acute hemorrhagic necrotizing encephalopathy has also been noted secondary to COVID-19 infection.7
Even before COVID-19, antecedent respiratory infections
have been known to increase the short-term risk of ischemic
stroke.8-16 Early reports from China indicate that neurologic
symptoms are seen in approximately 36% of patients hospitalized
with COVID-19.16 Poor outcomes with COVID-19 infection
have an association with vascular risk factors such as hypertension, coronary artery disease, and diabetes mellitus.17 It has been
proposed that the SARS-CoV-2 virus can cause a cytokine storm
through angiotensin-converting enzyme 2 receptor binding, leading to a hypercoagulable state and an increased incidence of vascular thromboses in patients with COVID-19.18,19
To our knowledge, no peer-reviewed study has been published in the literature evaluating the incidence of acute ischemic
stroke associated with COVID-19 when controlling for traditional
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vascular risk factors. With the dramatic rise in patients with
COVID-19 in New York City in March 2020, the authors began to
observe a disproportionately greater incidence of stroke among
patients with COVID-19 compared with the non-COVID-19 population. The authors believe there may be an association between
COVID-19 infection and stroke risk. In this study, our objectives
were the following: 1) to determine whether infection with
COVID-19 is indeed associated with increased incidence of
stroke, and 2) to assess whether COVID-19 is an independent
risk factor for stroke when controlling for conventional vascular
risk factors.

MATERIALS AND METHODS
Patient Selection
The project was conducted as a retrospective case-control study
with data gathered from 6 hospitals spread across the boroughs
of Manhattan, Queens, and Brooklyn in New York City. The 6
hospitals consisted of 1 large academic hospital and 5 smaller
community hospitals. Institutional review board approval was
obtained on an expedited basis. A total of 139 patients had stroke
alert for acute neurologic symptoms between March 16 and April
5, 2020. All patients with stroke alert had a noncontrast head CT
performed followed by vascular imaging (generally a CT angiography) unless there was a medical contraindication or clinical
instability. Patients were included for the following reasons: 1)
They had activated stroke alert, 2) CT head and vascular imaging,
and 3) clinical data documenting COVID-19 status. Patients presenting primarily with hemorrhage, tumor, and vasculitis were
excluded (n ¼ 12). Patients with no clinical data were excluded
(n ¼ 1). This step yielded a total of 126 patients. Patients with
acute ischemic stroke (small- or large-vessel occlusions) were
matched with patients without stroke by age, sex, and major vascular risk factors on a 1:2 case-to-control ratio, which resulted in
41 cases and 82 control patients (3 patients were excluded from
the control group to maintain this ratio). Thus, the final cohort
number was 123 patients. The presence or absence of stroke was
confirmed on CT and/or MR imaging by a board-certified radiologist with fellowship training in neuroradiology. Patients were
deemed to have acute stroke on imaging if they had acute loss of
gray-white differentiation on CT or a diffusion-restricting focus
on MR imaging consistent with infarct. If the initial CT findings
were negative but there was a persistent clinical suspicion for
stroke, it was confirmed or refuted on brain MR imaging unless
there was a contraindication.
Control subjects were defined as inpatients and those in the
emergency department with negative neurologic findings on
imaging (CT or MR imaging) for acute stroke in the setting of a
clinical suspicion for acute stroke. Patients with initial negative
imaging findings were followed up clinically and also on repeat
imaging (if deemed clinically necessary) to verify the absence
of acute stroke. Vascular risk factors, which were obtained from
the medical record, included hypertension, coronary artery disease, diabetes mellitus type 2, atrial fibrillation, congestive heart
failure, dyslipidemia, current or former smoking status, evidence
of prior stroke, and body mass index corresponding to overweight (25–29.9 kg/m2) or obesity ($30 kg/m2). Data pertaining
to a concurrent diagnosis of COVID-19 infection and patient
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demographics were also collected from the electronic medical record. COVID-19 infection was confirmed by in-house in vitro
reverse transcriptase polymerase chain reaction (RT-PCR) of nasopharyngeal swabs performed on the cobas 6800/8800 systems
(Roche Diagnostics) under emergency authorization from the US
Food and Drug Administration. Patients were considered negative for COVID-19 negative if the RT-PCR test findings were
negative.

Statistical Analysis
Patients whose imaging and clinical findings were consistent with
acute ischemic infarct were matched by age, sex, and the number
of major vascular risk factors against controls whose imaging and
clinical findings were inconsistent with acute ischemic infarct.
There were 2 controls for every case.
A Pearson x 2 test was performed for categoric variables, and
a t test was performed for continuous variables for evaluation of
the statistical difference between case and control groups. All tests
were 2-tailed, and a P value of .05 was considered statistically significant. All statistical analyses were conducted with the SPSS statistical package for Windows, Version 25 (IBM).

RESULTS
Clinical Characteristics of the Patient Population
Stroke alerts were most commonly activated for patients with
hemiplegia, hemisensory loss, dysarthria, facial droop, aphasia,
and acute altered mental status. Our patient population consisted
of 123 patients, of whom 41 patients who had an acute ischemic
stroke (anterior or posterior circulation) were matched for age,
sex, and vascular risk factors with 82 patients without stroke. The
mean age for cases and controls was 65.5 6 15.3 years and 68.8 6
13.2 years, respectively. Sex composition was identical between
groups, with 56.1% men in each.

Risk Factor Analysis
There was no statistically significant difference in age, sex, or
major vascular risk factors between case and control subject
groups (Table). COVID-19 infection was confirmed in 19 of 41
patients (46.3%) with acute ischemic stroke, compared with 15 of
82 patients (18.3%) in the control group. The COVID-19 infection rate was significantly higher in patients with acute ischemic
stroke compared with control subjects (P ¼ .001).
After we adjusted for age, sex, and major vascular risk factors,
COVID-19 infection was found to be independently and significantly associated with patients with acute ischemic stroke compared with control subjects with an OR of 3.9 (95% CI, 1.7–8.9;
P ¼ .001).

DISCUSSION
We found that COVID-19 is an independent risk factor for imaging-confirmed acute ischemic stroke during stroke alerts evaluation, after controlling for traditional vascular risk factors. This
finding suggests that COVID-19 infection is associated with
increased morbidity and mortality that transcends the primary
cardiopulmonary sequelae from the infection. It has been
observed that a large number of patients affected with COVID-19
have underlying vascular disease. A meta-analysis of 6 published

Demographic characteristics of case and control subjects
Variables
Cases (n = 41)
Controls (n = 82)
Age (mean) (yr)
65.6 6 15
68.8 6 13
Male sex
56.1% (23)
56.1% (46)
COVID-19 (1)
46.3% (19)
18.3% (15)
Diabetes mellitus type 2
48.8% (20)
43.9% (36)
Hypertension
73.2% (30)
73.2% (60)
Coronary artery disease
29.3% (12)
34.1% (28)
Congestive heart failure
12.2% (5)
15.9% (13)
Dyslipidemia
43.9% (18)
46.3% (38)
Atrial ﬁbrillation
29.3% (12)
18.3% (15)
Prior stroke
22% (9)
31.7% (26)
22% (9)
32.9% (27)
BMI ¼ 25–29.9 kg/m2
BMI .30 kg/m2
39% (16)
23.2% (19)
Smoking status
34.1% (14)
28.0% (23)
Current
12.2% (5)
7.3% (6)
Former
22% (9)
20.7% (17)
Note:—BMI indicates body mass index.

studies from China including 1527 patients with COVID-19
reported common comorbid conditions, including diabetes
(9.7%), cardiovascular disease (16.4%), and hypertension
(17.1%).20 In particular, patients with severe COVID-19 had a 3fold higher incidence of cardiovascular disease than those with
mild-to-moderate disease.
Multiple studies have reported that recent respiratory infections are known to increase the short-term risk of ischemic
stroke.8,9,11,12,14,15 For example, Grau et al11 reported that bacterial and viral infections were risk factors for embolic and thrombotic infarcts. They found that infection within the preceding
week was a risk factor for cerebral ischemia in age-adjusted multiple logistic regression analysis (OR, 2.9; 95% CI, 1.31–6.4). Of
221 patients with COVID-19 at a hospital in Wuhan,20 11 (5%)
developed acute ischemic stroke. This patient group was significantly older and more likely to have cardiovascular risk factors
and severe COVID-19 infection. They were more likely to have
an increased inflammatory response and a hypercoagulable state
manifested by elevated C-reactive protein and D-dimer levels.21
Our study attempts to evaluate the impact of COVID-19 on
stroke irrespective of other vascular risk factors. Patients with
acute stroke and controls without stroke belonged to the same
medical system and clinical setting. Our study confirms that there
was a significantly greater incidence of acute ischemic stroke in
patients with COVID-19 infection compared with those without
the infection. After we adjusted for major vascular risk factors, a
diagnosis of COVID-19 was associated with significantly more
cases than in control subjects.
Several theories link infectious/inflammatory syndromes with
an increased risk of stroke, probably due to the different mechanisms involving prothrombotic state, changes in lipid metabolism
and platelet aggregation, alterations in endothelial function, and
plaque instability and rupture.22,23 The current favored mechanism involves SARS-CoA-2 binding to the angiotensin-converting enzyme 2 receptor, potentially leading to a cytokine storm
and ultimately to a hypercoagulable state in patients with
COVID-19.18,19 Additionally, critically ill patients with SARSCoV-2 often show elevated D-dimer levels and platelet counts,
which may render patients prone to acute cerebrovascular

disease.24 It has been shown in a mouse influenza
P Value
model that after the selective blocking of cytokines,
.24
there was a reduction in infarction volume and
1.00
improved survival.25
.001
Limitations of our study are those that apply to all
.61
retrospective
case-control studies. We tried to limit
1.00
confounding variables like demographics and medical
.59
.59
risk factors for stroke to reduce bias. We reduced refer.80
ral bias by incorporating stroke alert cases from multi.18
ple hospitals across various communities in New York
.26
City. Another limitation is our sample size of 123
.21
patients; however, these are all patients with stroke
.09
.31
alerts presenting at 6 hospitals, which consisted of 1
.29
large academic hospital and 5 smaller community hos.53
pitals, during a short time span of 2.5 weeks.
Additionally, it is possible that some patients with clinical and radiologic signs of infection who tested positive for COVID-19 on RT-PCR could be falsely
positive and with other viral or bacterial respiratory infections
instead.
The sensitivity and specificity of the RT-PCR test used for the
diagnosis of COVID-19 has not been definitively established
because the test is approved under emergency use authorization.
It is also possible that we may have under-represented the number of patients with COVID-19 (ie, clinically asymptomatic carriers who were not tested for COVID-19), but this could affect
both the stroke and nonstroke outcomes. Finally, another important consideration is the possibility of unexpected selection bias
with higher thresholds for presentation to the hospital due to
social distancing/fear of a hospital setting during the pandemic.
This coupled with an overall increased prevalence of COVID-19
may confound the true effect of COVID-19 on stroke risk.

CONCLUSIONS
To our knowledge, this is the first study to link SARS-CoV-2 with
an increased risk of imaging-confirmed acute ischemic stroke
when accounting for confounding risk factors. Future endeavors
may assess whether this relationship holds true in a larger population and with the pathophysiologic mechanisms (such as the
proinflammatory prothrombotic state and cytokine storm) inherent in COVID-19 that drive this association. Attempts should
also be made to see whether the association holds true for largevessel and small-vessel strokes. Patients with COVID-19 should
be evaluated early for acute neurologic changes, and timely workup should be performed in patients suspected of having stroke to
reduce morbidity and mortality.
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