Stroke

CLINICAL AND POPULATION SCIENCES
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Patients With COVID-19
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BACKGROUND AND PURPOSE: The impact of coronavirus disease 2019 (COVID-19) on the occurrence of ischemic stroke has
been the subject of increased speculation but has not been confirmed in large observational studies. We investigated the
association between COVID-19 and stroke.

METHODS: We performed a cross-sectional study involving patients discharged from a healthcare system in New York State,
from January to April 2020. A mixed-effects logistic regression analysis and a propensity score—weighted analysis were
used to control for confounders and investigate the association of COVID-19 with ischemic stroke. Similar techniques were
used to detect the impact of concurrent COVID-19 infection on unfavorable outcomes for patients with stroke.

RESULTS: Among 24808 discharges, 2513 (10.1%) were diagnosed with COVID-19, and 566 (0.2%) presented with acute
ischemic stroke. Patients diagnosed with COVID-19 were at one-quarter the odds of stroke compared with other patients (odds
ratio, 0.25 [95% Cl, 0.16-0.40]). This association was consistent in all age groups. Our results were robust in sensitivity analyses,
including propensity score—weighted regression models. In patients presenting with stroke, concurrent infection with severe
acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) was associated with higher case-fatality (odds ratio,10.50 [95% Cl,
3.54-31.18]) and a trend towards increased occurrence of discharge to rehabilitation (odds ratio, 2.45 [95% Cl, 0.81-1.25]).

CONCLUSIONS: Using a comprehensive cross-section of patients from a large NY-based healthcare system, we did not identify
a positive association between ischemic stroke and COVID-19. However, patients with stroke with COVID-19 had worse
outcomes compared with those without, with over a 9-fold increase in mortality. Although no definitive conclusions can be
reached from our observational study, our data do not support the concerns for an epidemic of stroke in young adults with
COvID-19.
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ease 2019 (COVID-19) is associated with increased

risk of fatal ischemic stroke in young adults."”® Mul-
tiple theories have been proposed for the pathophysiology
of this association, with a procoagulable state in infected
patients as the most commonly proposed mechanism.’
However, several researchers and clinicians are indicating a
decreased occurrence of ischemic stroke across the world
during the COVID-19 pandemic.*® The drop in perceived

There has been recent speculation that coronavirus dis-

occurrence has been so dramatic that many societies and
advocacy groups have issued statements® urging patients
to not delay stroke care in fear of being exposed to severe
acute respiratory syndrome-coronavirus 2 (SARS-CoV-2),
the virus causing COVID-19." Indeed there has been evi-
dence found for delays in stroke care due to the pandemic®
However, no large multi-institutional observational studies
support either observation.® Despite extensive literature
on similar concerns for influenza,'® ' the evidence for
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Nonstandard Abbreviations and Acronyms

COVID-19 coronavirus disease 2019

ICD-10 International Classification of Disease,
Tenth Revision

IV tPA intravenous tissue-type plasminogen
activator

Y]] myocardial infarction

OR odds ratio

SARS- severe acute respiratory syndrome-

CoV-2 coronavirus 2

COVID-19 is comprised mainly of small, single-institution
case series, without control for confounders and limited
generalization. The prior report on stroke and COVID-19
in young adults is limited by selection bias, focusing only
on the patients with most severe stroke seen by the neuro-
interventional team." This selection reflects the different
preferences and backgrounds of the treating physicians, as
well as specific patient characteristics. In addition, although
concurrent stroke and SARS-CoV-2 infection have been
documented in international series before,'*'® the impact
of COVID-19 on stroke outcomes has not been studied.
There has been no prior report attempting to account for
these limitations through different analytic approaches in a
cross-section of patients with COVID-19 of all ages.

We used a comprehensive cross-section of hospital
discharges from a large NY-based healthcare system
to study the association of COVID-19 with the occur-
rence of ischemic stroke. The frequency of unfavorable
outcomes in patients with ischemic stroke concurrent
SARS-CoV-2 infection was also analyzed. Mixed-effects
logistic regression and a propensity score matched logis-
tic regression was used to control for confounding.

METHODS

Data and analytic methods will be made available by contacting
the corresponding author.

Study Design

We conducted a cross-sectional study of the association of
ischemic stroke and COVID-19 infection using hospital dis-
charges from 6 hospitals.

Patient Population

This study was approved by the Institutional Review Board
of Catholic Health Services of Long Island. The need for
informed consent was waived by the Institutional Review
Board. All patients discharged from any of the six hospitals
of Catholic Health Services of Long Island in Suffolk (Good
Samaritan Hospital Medical Center, Saint Joseph's Hospital,
Saint Catherine’s of Siena Hospital, Saint Charles Hospital)
and Nassau County, New York (Saint Francis Hospital, Mercy
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Medical Center) between January and April 2020 were
included in the analysis. We used discharge data generated
through our electronic medical record system. These hospi-
tals are comprised of a Comprehensive Stroke Center and b
Advanced Primary Stroke Centers (one with thrombectomy
capabilities), all certified by the NY Department of Health and
The Joint Commission. More information about Catholic Health
Services of Long Island is available at https://www.chsli.org.

Outcome Variables

We used International Classification of Disease, Tenth Revision
(ICD-10) codes to identify outcomes in the database. The pri-
mary outcome variable was the occurrence of new-onset stroke
(ICD-10 code 163.xx, G45.xx) in our cross-section of patients.
The diagnosis and coding of stroke was limited to patients who
presented with symptoms of an acute ischemic stroke and
were confirmed to have acute ischemic change on magnetic
resonance imaging. Patients with negative magnetic resonance
imaging were not coded as having a stroke. Secondary out-
comes were case-fatality and discharge to rehabilitation for
patients presenting with acute ischemic stroke.

Exposure Variables

The primary exposure variable was infection with SARS-CoV-2,
resulting in COVID-19 (ICD-10 code UOQT7.1). All patients of
Catholic Health Systems of Long Island received a nasopha-
ryngeal swab using the COVID-19 RNA polymerase chain
reaction testing method on arrival to emergency department
during the dates of this study.

Covariates used for risk adjustment were age, sex, race
(Black, Asian, White, other), insurance status (Medicare,
Medicaid, private, self pay, other), mechanical thrombectomy
(ICD-10 code 03CG3ZZ), and administration of IV tPA (intrave-
nous tissue-type plasminogen activator; ICD-10 code Z92.82).

The comorbidities used for risk adjustment were diabe-
tes, smoking, chronic obstructive lung disease, hyperten-
sion, hypercholesterolemia, congestive heart failure, coronary
artery disease, alcohol abuse, peripheral vascular disease, and
chronic renal failure. Only variables that were defined as pres-
ent on admission were considered part of the patient's pre-
admission comorbidity profile (See Variable Definitions in the
Data Supplement).

Statistical Analysis

We examined the association of COVID-19 with our primary
outcome (acute ischemic stroke) using crude and 3 methods of
adjustment for confounders. Our primary analysis was based on
a logistic regression model controlling for age, sex, race, insur-
ance status, and all the comorbidities mentioned previously, with
hospital fixed effects to control for clustering at the hospital
level. To demonstrate the robustness of our data in sensitivity
analysis, we used additional techniques to account for mea-
sured confounding while accounting for clustering at the hospi-
tal level. These were comprised of inverse-weighted propensity
estimation of the absolute difference and odds ratio (OR) and
binned propensity scores. Inverse-weighted propensities were
trimmed at their 99% percentile. The inverse-weighted propen-
sity approach would yield estimates of the Average Treatment
Effect, for example, comparison of the counterfactuals if
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everyone versus no one had COVID-19. The results of the
inverse-weighted propensity model are only presented in the
tables. The propensity score bins were utilized as follows; we
controlled for the 100 level factor created from percentiles of
the propensity score in a logistic regression with COVID-19 and
this factor. The propensity scores were derived using a logistic
regression of COVID-19 as a function of the covariates men-
tioned above and all their pairwise interactions. To further test
the sensitivity of our results, we repeated the above analyses
separately for ischemic stroke (/CD-10 code 163.xx) and tran-
sient ischemic attack (ICD-10 code G45.xx). The consistency of
our results was also examined by considering acute myocardial
infarction (M), a disease closely correlated with ischemic stroke,
as an outcome (/CD-10 code 121.9). Observing a similar trend in
cardiovascular disease would validate our analysis.

For our secondary outcomes, given the limited df (relatively
small number of observations), we used a step-wise logistic
regression model controlling for age, sex, hypertension, hyper-
cholesterolemia, diabetes, and peripheral vascular disease. In a
sensitivity analysis, we repeated the models for our secondary
outcomes forcing IV tPA administration and mechanical throm-
bectomy as covariates in our regression models to account for
more severe strokes. The direction of the observed associa-
tions did not change and is therefore not reported any further.

All results are based on 2-sided tests, and the level of sta-
tistical significance was set at 0.05. Post hoc power calcula-
tion: This study, based on 24 808 patients, has sufficient power
(80%) at a 5% type | error rate to detect an increase in stroke
frequency from 2% to 2.9% of patients (or a decrease from 2%
to 1.2%). Statistical analyses were performed using R version
3.3.1 (R Foundation for Statistical Computing).

RESULTS

Patient Characteristics

This study is based on 24 808 discharged patients. In
the selected study period, 566 patients presenting with
acute ischemic stroke (mean age was 72.7 years, with
53.5% [303/566] females) were discharged from the
health system. In the same time period, 2513 patients
with COVID-19 (mean age was 66.3 years, with 44.2%
[1111/2513] females) were discharged from the
health system. The characteristics of the cross-section
of patients at baseline can be seen in Table 1. The
counts of ischemic stroke, transient ischemic attack, M|,
and patients with COVID-19 between January and April
2020 are plotted and smoothed using locally estimated
scatterplot smoothing in the Figure.

COVID-19 and Ischemic Stroke

During the dates for this study, all patients presenting to
the emergency department and those admitted to the hos-
pital were tested for COVID-19 using the nasopharyngeal
swab RNA polymerase chain reaction testing method.
Among all admissions positive for SARS-CoV-2, 0.9%
(22/2513) presented with an acute ischemic stroke. Of
those that were negative for SARS-CoV-2 infection, 2.4%
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(544/22295b) of those presented with an acute ischemic
stroke. The odds of ischemic stroke in patients diagnosed
with COVID-19 was 0.35 (95% Cl,0.23—-0.55) times lower
than in patients without a COVID-19 diagnosis. Controlling
for patient characteristics and comorbidities using a logistic
regression with facility fixed effects, we calculated that the
odds of stroke was 0.25 (95% Cl, 0.16—0.40) times less
likely in COVID-19—positive patients in comparison to non-
infected individuals (Table 2). Figure A-l in the Data Sup-
plement displays a forest plot of adjusted OR for common
cardiovascular risk factors. The association of COVID-19
and stroke was independent of the patient's age.

Figure A-ll in the Data Supplement demonstrates
a scatterplot of the weekly cases of COVID-19 and
ischemic stroke among patients since the first week of
COVID-19. A slight negative correlation was observed
for patients over 60 (Pearson correlation coeffi-
cient=—0.575, /<0.05), and under 60 years old (Pearson
correlation coefficient=—0.234, £<0.05).

Sensitivity Analysis

The direction and magnitude of the association did not
change in a propensity score—adjusted logistic regres-
sion model (OR, 0.24 [95% CI, 0.15-0.38]). Addition-
ally, the association of stroke and COVID-19 persisted
when considering ischemic stroke (OR, 0.29 [95% ClI,
0.18-0.48]) and transient ischemic attacks separately
(OR, 0.14 [95% Cl, 0.10-0.38]).

The consistency of our results was also examined by
considering Ml as an outcome. Overall, a frequency of
2.9% MI was recorded in patients with COVID-19 and
3.3% among those without SARS-CoV-2 infection. In
unadjusted analysis, we identified a trend of decreased
frequency of MI (OR, 0.87 [95% CI, 0.68-1.12]) on
presentation among patients with COVID-19. Likewise,
using a logistic regression with facility fixed effects (OR,
0.89 [95% CI, 0.69-1.16]), and a propensity-matched
logistic regression (OR, 0.88 [95% Cl, 0.68-1.15]), we
identified that SARS-CoV-2 infection was associated
with decreased, albeit not significantly, the frequency of
Ml in comparison to noninfected individuals (Table 2).

Inpatient Case-Fatality for Ischemic Stroke

Overall, 31.8% (799/2513) of inpatient deaths were
recorded in patients with stroke with COVID-19 and
4.6% (1026/22295) among patients with stroke
without SARS-CoV-2 infection. COVID-19 was asso-
ciated with increased stroke case-fatality (OR, 9.68
[95% Cl, 3.565-26.4]) in unadjusted analysis. Likewise,
using logistic regression with facility fixed effects, we
identified that SARS-CoV-2 infection was associated
with increased stroke case-fatality (OR, 10.50 [95%
Cl, 3.54-31.18]), in comparison to noninfected indi-
viduals (Table 3).
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Table 1. Patient Characteristics
Total Ischemic stroke No stroke
N=24808 N=566 N=24242
% N % N P value*
COVID-19 10.1% 3.9% 22 10.3% 2491 0.0000
Age, y
<50 31.0% 6.4% 36 31.5% 7647 0.0000
50-59 12.3% 10.8% 61 12.4% 3002 0.2786
60-69 16.4% 21.9% 124 16.2% 3936 0.0004
70-79 17.2% 23.3% 132 17.1% 4147 0.0001
>80 23.1% 37.6% 213 22.7% 5510 0.0000
Female 52.8% 53.5% 303 52.8% 12789 0.7460
Race
White 71.1% 71.2% 403 71.1% 17245 1.0000
Black 12.2% 17.0% 96 12.1% 2932 0.0006
Asian 1.8% 3.2% 18 1.8% 431 0.0206
Other 14.8% 8.7% 49 15.0% 3634 0.0000
Comorbidities
Hypercholesterolemia 36.6% 56.2% 318 36.1% 8750 0.0000
Hypertension 31.1% 51.4% 291 30.6% 7428 0.0000
Coronary artery disease 23.8% 28.1% 159 23.7% 5743 0.0173
Diabetes 24.5% 32.9% 186 24.3% 5900 0.0000
Smoking 11.2% 10.1% 57 11.3% 2733 0.4075
Chronic obstructive pulmonary disease 9.9% 10.4% 59 9.9% 2395 0.7206
Alcohol 5.5% 2.5% 14 5.6% 1361 0.0017
Congestive heart failure 7.1% 5.8% 33 7.1% 1733 0.2614
Peripheral vascular disease 2.7% 2.7% 15 2.7% 664 1.0000
Chronic renal failure 15.9% 17.0% 96 15.9% 3848 0.5212
Insurance
Medicare 43.8% 64.5% 365 43.4% 10513 0.0000
Private 41.8% 26.5% 150 42.1% 10213 0.0000
Self pay 2.5% 2.8% 16 2.5% 603 0.7073
Workman's comp 0.8% 0.0% 0 0.8% 193 0.0589
No fault 0.6% 0.0% 0 0.6% 137 0.1319
Other 4.8% 2.8% 16 4.9% 1186 0.0305
Facility
Hospital 1 12.9% 4.2% 24 13.1% 3166 0.0000
Hospital 2 22.1% 21.7% 123 22.1% 5361 0.8683
Hospital 3 30.2% 31.3% 177 30.2% 7326 0.6225
Hospital 4 7.2% 13.4% 76 7.1% 1713 0.0000
Hospital 5 13.6% 16.6% 94 13.6% 3287 0.0426
Hospital 6 14.0% 12.7% 72 14.0% 3389 0.4277

COVID-19 indicates coronavirus disease 2019.
*Pvalues based on y? tests.

Discharge to Rehabilitation for Ischemic Stroke

Overall, 60% (1511/2513) of patients with stroke
with  COVID-19 were discharged to rehabilitation,
compared with 40.7% (9074/22295) of patients
with stroke without SARS-CoV-2 infection. COVID-
19 was associated with a trend towards an increased
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frequency of discharge to rehabilitation (OR, 2.19
[95% ClI, 0.75-6.38]) in unadjusted analysis. Similarly,
using a logistic regression with facility fixed effects,
we identified that SARS-CoV-2 infection was asso-
ciated with a trend towards an increased frequency
of discharge to rehabilitation (OR, 2.45 [95% CI,
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Figure. The counts of ischemic stroke, transient ischemic
attack (TIA), myocardial infarction (Ml), and coronavirus
disease 2019 (COVID-19) patients between January and
April 2020 are plotted and smoothed using locally estimated
scatterplot smoothing.

Discharges from the last 10 d of April were excluded from the graph
to avoid demonstrating a false drop in cases, given that a significant
number of these patients were still inpatients at the time of the study.

0.81-1.25]), compared with noninfected individuals,
albeit nonsignificant (Table 3).

DISCUSSION

Using a comprehensive all-payer cross-section of patients
from a large healthcare system in New York State, we did
not identify an increased likelihood of stroke on presenta-
tion among patients of all ages with COVID-19. Patients
with stroke with concurrent SARS-CoV-2 infection dem-
onstrated increased case-fatality and a trend more dis-
charge to rehabilitation. Our results were robust when
considering several observational techniques to account
for confounders. We also did not identify an increased

COVID-19 and Stroke

frequency of Ml among patients with COVID-19, a dis-
ease with similar risk factors and epidemiology to stroke.
Our report is contributing to an ongoing debate about pos-
sible systemic complications of SARS-CoV-2 infection.

These findings do not support the concern for a
stroke epidemic in young adults,>® fueled by a prior case
study." The authors of the latter report described their
experience with five patients with stroke infected with
SARS-CoV-2, aged 33 to 49. COVID-19 is a mild dis-
ease in most, but occasionally it progresses to acute
respiratory distress syndrome, multiorgan dysfunction,
cytokine storm, inflammation, coagulation, and death.'s'”
Proposed mechanisms contributing to strokes in this
patient population include coagulopathy and endothe-
lial dysfunction.! Although the authors shed light into
the clinical characteristics of young adults with these 2
pathologies, they did not investigate a possible associa-
tion between stroke and COVID-19.

Experience from other viral respiratory epidemics has
uncovered a possible association of severe influenza
with cardiovascular disease.'® However, prior observa-
tional studies on this issue have offered mixed results.
Some have demonstrated that admissions for stroke
and heart disease are increasing during influenza epi-
demics."" These were supported by multiple small and
large international observational studies demonstrating a
protective effect of flu vaccination against cardiovascular
disease, stroke, and all-cause mortality.'® Exacerbation of
chronic disease processes, and possible endothelial dys-
function, have been postulated as the contributing fac-
tors to some of these associations.'®'® However, other
extensive reports have not identified a protective effect
of influenza vaccination on cardiovascular disease.'?

In our analysis, we did not observe a positive associa-
tion of COVID-19 and ischemic stroke. On the contrary,

Table 2. Models Examining the Association of Ischemic Stroke (and Myocardial Infarction) and COVID-19

Stroke or TIA* Ischemic stroke*

OR (95% CI) P value OR (95% CI) P value
Unadjusted analysis 0.35 (0.23-0.55) <0.001 0.40 (0.24-0.64) <0.001

OR (95% Cl) Pvalue OR (95% Cl) Pvalue
Mixed-effects regressiont 0.25 (0.16-0.40) <0.001 0.29 (0.18-0.48) <0.001
Propensity score-matched regression# 0.24 (0.15-0.38) <0.001 0.28 (0.17-0.46) <0.001
Inverse-weighted propensities# 0.33 (0.28-0.39) <0.001 0.37 (0.30-0.45) <0.001

TIA* Myocardial infarction*

OR (95% CI) OR (95% CI)
Unadjusted analysis 0.20 (0.07-0.54) <0.001 0.87 (0.68-1.12) 0.264
Mixed-effects regressiont 0.14 (0.10-0.38) <0.001 0.89 (0.69-1.16) 0.382
Propensity score-matched regression¥ 0.12 (0.04-0.33) <0.001 0.88 (0.68-1.15) 0.341
Inverse-weighted propensities$ 0.18 (0.13-0.27) <0.001 0.84 (0.75-0.94) 0.025

COVID-19 indicates coronavirus disease 2019; OR, odds ratio; and TIA, transient ischemic attack.

“All regressions were based on logistic models.
tHospital ID was used as a fixed-effects variable.

$The propensity score was calculated using the following variables: age, sex, race, insurance, medical comorbidities, and all pairwise

interactions.
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Table 3. Models Examining the Association of COVID-19 With Unfavorable Outcomes in Pa-

tients With Acute Ischemic Stroke

Discharge to

Mortality* rehabilitation*
OR (95% CI) P value OR (95% CI) P value
Unadjusted analysis 9.68 (3.55-26.4) <0.001 2.19 (0.75-6.38) 0.143
Logistic regressiont 10.50 (3.54-31.18) <0.001 2.45 (0.81-1.25) 0.103

COVID-19 indicates coronavirus disease 2019; and OR, odds ratio.

"All regressions were based on step-wise logistic models.
tHospital ID was used as a fixed-effects variable.

a sharp decrease in stroke admissions was observed
around the peak of the pandemic. This is consistent
with anecdotal international reports describing a phe-
nomenon of “vanishing strokes and heart attacks” dur-
ing this period.*® The decrease was so severe in some
countries that multiple public service announcements
were released® urging patients to seek immediate
care for signs and symptoms of stroke.” Most stroke
experts attributed this phenomenon to the unwillingness
of patients to be exposed to SARS-CoV-2 in an over-
whelmed emergency room.®

ltalian researchers* have additionally hypothesized
a pathophysiologic mechanism behind this decreased
stroke occurrence, based on the controversial role of
IL (interleukin)-6 in stroke.'® There is experimental evi-
dence that [L-6, which is elevated in severe COVID-19,
has a neuroprotective effect and enhances angiogen-
esis.'® Alternate explanations proposed by this group
are based on the thrombocytopenia encountered even
in patients with mild COVID-19.% It is likely that low
platelets prevent the formation of large clots in the
intracranial circulation.?® Lastly, the widespread mitiga-
tion measures, which have minimized the prevalence of
influenza in the community, could have decreased the
negative impact of the flu on cardiovascular disease
and stroke.’™®?! Further research into the cause of the
observed associations is warranted.

Regardless of the decreased occurrence of stroke
among patients with COVID-19, some strokes will
undoubtedly occur in this population.”®' Although
recent investigations have demonstrated that cardio-
vascular disease is a negative predictive factor of out-
comes for COVID-19,%? the inverse association has not
been uncovered before. We identified a higher risk of
unfavorable outcomes in patients with ischemic stroke
infected with SARS-CoV-2, independent of traditional
stroke risk factors and surrogates of stroke sever-
ity. We observed a mortality for COVID-19 positive
patients with stroke to be 31.8% as compared with
4.6% for COVID-19-negative patients with stroke. We
hypothesize this to be due to the respiratory impact
of COVID-19 on an already compromised patient with
stroke. This observation can offer invaluable insight
to epidemiologists, and clinicians treating stroke in
the frontline, especially in areas of high COVID-19
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prevalence. This knowledge can be integrated into
the recommendations of professional societies, who
already have developed algorithms®2%24 to guide stroke
management in the setting of the pandemic.

Our study has several limitations. Residual confound-
ing can account for some of the observed associations.
We used multiple sensitivity analyses and a wide selec-
tion of covariates to minimize this bias. Coding inac-
curacies will undoubtedly occur and can affect our
estimates, through misclassification. However, several
reports have demonstrated that coding for stroke has
shown nearly a perfect association with medical record
review.?>26 Coding for COVID-19 has not been validated
yet, nevertheless, the creation of a specific code for this
disease and the heightened awareness during the pan-
demic are expected to minimize coding inaccuracies.
Although our data include all hospitals from a health-
care system that spans Nassau and Suffolk counties
in NY State, some of the areas impacted the most dur-
ing the COVID-19 pandemic, the generalization of this
analysis to the entire US population is uncertain.

Additionally, we lack posthospitalization and long-term
data on our patients. Quality metrics (ie, modified Rankin
Scale), and clinical information on the functional sta-
tus of the patients (National Institutes of Health Stroke
Scale), which reflect stroke severity, were not available.
However, using IV tPA and mechanical thrombectomy as
surrogates for stroke severity can partially control for this
bias, when assessing the impact of COVID-19 on stroke
case-fatality. The definitive impact of COVID-19 on stroke
outcomes can only be assessed in prospective registries.
In this direction, the NeuroPoint Alliance has created the
first module for a cerebrovascular registry, with results
expected in the near future.?” We also have not subdivided
the observed strokes into subtypes, meaning it is possible
that one particular cause of stroke may be a more fre-
quent finding in patients with COVID-19. Finally, causality
cannot be definitively established based on observational
data, despite the use of advanced techniques.

CONCLUSIONS

Using a comprehensive all-payer cross-section of
patients from a large healthcare system in New York
State, we did not identify an increased occurrence of
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stroke among patients with COVID-19. Patients with
stroke with concurrent SARS-CoV-2 infection demon-
strated increased case-fatality and discharge to reha-
bilitation. Our results were robust when considering
several observational techniques to account for con-
founders. The observed associations were paralleled in
MI, a disease with similar risk factors and epidemiology
to stroke. Although no definitive conclusions can be
drawn about the causal relationship between COVID-
19 and stroke from our observational study, our report
is contributing to an ongoing debate about possible
systemic complications of SARS-CoV-2 infection.
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