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Stroke Among Patients Hospitalized With COVID-19: 
Results From the American Heart Association 
COVID-19 Cardiovascular Disease Registry
Saate S. Shakil , MD; Sophia Emmons-Bell, BA; Christine Rutan , CPHQ; Jason Walchok , NREMT-P;  
Babak Navi , MD, MS; Richa Sharma , MD; Kevin Sheth , MD; Gregory A. Roth , MD, MPH; Mitchell S.V. Elkind , MD, MS

BACKGROUND AND PURPOSE: Coronavirus disease 2019 (COVID-19) may be associated with increased risk for ischemic 
stroke. We present prevalence and characteristics of strokes in patients with laboratory-confirmed severe acute respiratory 
syndrome coronavirus-2 infection enrolled in the American Heart Association COVID-19 Cardiovascular Disease Registry.

METHODS: In this quality improvement registry study, we examined demographic, baseline clinical characteristics, and in-
hospital outcomes among hospitalized COVID-19 patients. The primary outcomes were ischemic stroke or transient ischemic 
attack (TIA) and in-hospital death.

RESULTS: Among 21 073 patients with COVID-19 admitted at 107 hospitals between January 29, 2020, and November 
23, 2020, 160 (0.75%) experienced acute ischemic stroke/TIA (55.3% of all acute strokes) and 129 (0.61%) had other 
types of stroke. Among nonischemic strokes, there were 44 (15.2%) intracerebral hemorrhages, 33 (11.4%) subarachnoid 
hemorrhages, 21 (7.3%) epidural/subdural hemorrhages, 2 (0.7%) cerebral venous sinus thromboses, and 24 (8.3%) 
strokes not otherwise classified. Asians and non-Hispanic Blacks were overrepresented among ischemic stroke/TIA patients 
compared with their overall representation in the registry, but adjusted odds of stroke did not vary by race. Median time 
from COVID-19 symptom onset to ischemic stroke was 11.5 days (interquartile range, 17.8); median National Institutes of 
Health Stroke Scale score was 11 (interquartile range, 17). COVID-19 patients with acute ischemic stroke/TIA had higher 
prevalence of hypertension, diabetes, and atrial fibrillation compared with those without stroke. Intensive care unit admission 
and mechanical ventilation were associated with higher odds of acute ischemic stroke/TIA, but older age was not a predictor. 
In adjusted models, acute ischemic stroke/TIA was not associated with in-hospital mortality.

CONCLUSIONS: Ischemic stroke risk did not vary by race. In contrast to the association between older age and death from 
COVID-19, ischemic stroke risk was the highest among middle-aged adults after adjusting for comorbidities and illness 
severity, suggesting a potential mechanism for ischemic stroke in COVID-19 independent of age-related atherosclerotic 
pathways.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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The possibility of increased ischemic stroke risk associ-
ated with severe acute respiratory syndrome corona-
virus 2 infection was first noted among hospitalized 

patients in Wuhan, China, and shortly thereafter in the 

United States, when several young patients presented 
acutely with large-vessel stroke and were later diagnosed 
with coronavirus disease 2019 (COVID-19).1,2 Subse-
quent studies observed elevated ischemic stroke risk in 
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COVID-19 compared with similar conditions such as influ-
enza.3 Multiple registry-based studies have demonstrated 
variable ischemic stroke risk among hospitalized COVID-
19 patients ranging from 0.9% to 2.8%.2–6 The largest of 
these studies included 8163 COVID-19 inpatients across 
multiple centers in the United States and observed an isch-
emic stroke risk of 1.3%.6 Outstanding questions remain 
regarding variable risk for ischemic stroke among COVID-
19 patients by race and ethnic group, predictors of stroke, 
distribution of stroke severity, and outcomes in COVID-19 
patients who experience stroke.

In this study, we describe characteristics of hospital-
ized COVID-19 patients with acute ischemic stroke and 
transient ischemic attack (TIA) in a large national sample 
(21 073 patients as of November 23, 2020) from the 
American Heart Association’s (AHA) COVID-19 cardio-
vascular disease (CVD) registry.7 Based upon existing lit-
erature, we hypothesized that male sex, non-White race, 
younger age, cardiovascular comorbidities, and COVID-
19 severity are risk factors for acute ischemic stroke or 
TIA among hospitalized patients, after adjusting for other 
patient-level characteristics.8–10 We also evaluated the 
impact of acute ischemic stroke or TIA on the risk of in-
hospital mortality during a COVID-19 admission.

METHODS
Study Design, Data Source, and Population
We conducted a retrospective cohort study using data from 
the AHA COVID-19 CVD Registry, powered by the Get With 
The Guidelines quality improvement program.7 The registry 
was made available free of charge to all US hospitals caring 
for adults with active COVID-19 and enrolled 21 073 patients 
from 107 hospitals across the United States from January 29 
to November 23, 2020. Strategic outreach has been imple-
mented to recruit both rural and urban US hospitals and 
thereby develop a diverse and representative registry (Table 
I in the Supplemental Material; Figure I in the Supplemental 
Material). Staff at participating sites retrospectively abstracted 
data in hard-coded fields for all adults (age ≥18 years) hos-
pitalized with severe acute respiratory syndrome coronavirus 
2 infection confirmed by laboratory testing. Data abstraction 
was not considered complete until the patient was discharged 

from the hospital, with complete data on dates of admission 
and discharge, age, sex, and medical history. For all hospitals, 
registry participation was approved or review was waived by a 
local institutional review board.

Data Collection
The AHA COVID-19 CVD Registry contains over 200 unique 
data elements. We studied demographics (age, sex, race and 
ethnicity), comorbidities (obesity, diabetes, hypertension, coro-
nary artery disease, heart failure, prior cerebrovascular disease, 
atrial fibrillation/flutter, smoking/vaping, deep vein thrombo-
sis/pulmonary embolism, cancer, and chronic kidney disease), 
admission clinical features (oxygen saturation, pulmonary infil-
trates on imaging) and during hospitalization, hospital admis-
sion/discharge dates, and disposition. Race and ethnicity of 
study participants were extracted from site-specific electronic 
health records and categorized using mutually exclusive cat-
egories as follows: Hispanic for all races, non-Hispanic Black, 
non-Hispanic White, American Indian/Alaska Native, Asian, 
Native Hawaiian, or Pacific Islander. Hospitalization charac-
teristics included episodic atrial fibrillation, intensive care unit 
(ICU) admission, mechanical ventilation, new renal replace-
ment therapy, seizure occurrence, length of stay, and inpatient 
death. Markers of COVID-19 illness severity included ICU 
admission, mechanical ventilation, and new renal replace-
ment therapy. The intake form for data collection is available 
at https://www.heart.org/-/media/files/professional/quality-
improvement/covid-19-cvd-registry/ahacovidcvdcrf428-fill-
able-pdf.pdf?la=en. The Get With The Guidelines programs 
are maintained by the AHA, and IQVIA (Parsippany, NJ) is 
the data collection and coordination center. We followed the 
Reporting of Studies Conducted Using Observational Routinely 
Collected Data Reporting Guideline. Deidentified data from the 
registry are available through the AHA’s Precision Medicine 
Platform; requests for access may be made through the 
AHA COVID-19 CVD Registry at https://www.heart.org/en/
professional/quality-improvement/covid-19-cvd-registry/
covid-19-cvd-registry-research-opportunities.

Outcomes
The primary outcomes in this analysis were (1) acute ischemic 
stroke or TIA diagnosis associated with the qualifying COVID-
19 hospitalization and (2) in-hospital death. For individuals with 
multiple admissions, we restricted our analysis to the index 
admission during which a diagnosis of COVID-19 was made. 
Secondary stroke-specific outcomes assessed in this study 
included the initial documented National Institutes of Health 
Stroke Scale (NIHSS) and acute stroke treatment administered 
(thrombolysis or thrombectomy). Additionally, baseline and 
in-hospital characteristics, as well as discharge disposition of 
ischemic stroke/TIA patients, were compared with COVID-19 
patients diagnosed with other stroke subtypes (subarachnoid 
hemorrhage, intracerebral hemorrhage, epidural or subdural 
hemorrhage, cerebral venous sinus thrombosis, stroke not oth-
erwise unspecified) and COVID-19 patients without stroke.

Statistical Analyses
We described demographic and baseline clinical character-
istics, medical history, and outcomes among patients with 
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AHA American Heart Association
COVID-19 coronavirus disease 2019
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ICU intensive care unit
NIHSS  National Institutes of Health Stroke 
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OR odds ratio
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acute ischemic stroke or TIA, other stroke subtypes, and 
no stroke. P values represent 2-sample t tests, χ2 tests, and 
2-proportion z tests on continuous, categorical, and binary 
variables, respectively.

To test our primary hypothesis, we performed sequential 
multivariable logistic regression analyses to test the strength 
of association between race/ethnicity and acute ischemic 
stroke or TIA after incrementally adjusting for demographics, 
comorbidities, and critical illness features. Given the relatively 
low event rates, we focused on comparisons between non-His-
panic Black, Hispanic, and Asian patient groups in the registry, 
with non-Hispanic White patients as the reference category; 
the remaining patients with ischemic stroke did not have docu-
mented race or ethnicity and were classified as such for our 
analyses. Age was categorized into groups, with 51 to 60 years 
as the reference category, while males were the reference cat-
egory for sex. Analyses were performed in RStudio, version 
3.6.0 (R Foundation), on the AHA Precision Medicine Platform. 
Variable missingness was <5% for all variables except body 
mass index. Multiple imputation with the mice package was 
used to handle missing data. Parameter estimates from each 
imputation were pooled to generate CIs and P; P<0.05 was 
considered statistically significant. Similar analyses were per-
formed to evaluate the association between acute ischemic 
stroke or TIA and in-hospital mortality.

RESULTS
Characteristics of Hospitalized COVID-19 
Patients
Table 1 summarizes demographic and baseline clinical 
characteristics of patients with acute ischemic stroke/
TIA, other stroke, or no stroke. Of 21 073 hospitalized 
patients with COVID-19, 160 (0.75%) experienced an 
acute ischemic stroke or TIA confirmed by diagnostic 
imaging (55.3% of all acute strokes), while a further 
129 (0.61%) experienced other types of stroke (Figure 
II in the Supplemental Material). Among the nonischemic 
strokes, there were 44 (15.2%) intracerebral hemor-
rhages, 33 (11.4%) subarachnoid hemorrhages, 21 
(7.3%) epidural/subdural hemorrhages, 2 (0.7%) cere-
bral venous sinus thromboses, and 24 (8.3%) strokes 
not otherwise classified. Of the 94 (32.5% of all strokes) 
patients who experienced a documented intracere-
bral, subarachnoid, or epidural/subdural hemorrhage, 5 
(5.3%) had combined hemorrhagic subtypes. Patients 
with hemorrhagic stroke were 67% male, with a mean 
age of 62.9±14 years; 83 (88.3%) were managed in the 
ICU, and 37 (39.4%) died. Mean time from COVID-19 
symptom onset to ischemic stroke/TIA was 15.1±16.3 
days, while the median was 11.5 days (interquartile 
range, 17.8; first to third quartile, 4–21.8 days); Figure 1 
illustrates a histogram of time to stroke. Five (3.1% of 
ischemic strokes) patients experienced prehospital acute 
ischemic stroke/TIA, with the remainder occurring after 
admission. Patients with COVID-19 and ischemic stroke 
were, on average, older than COVID-19 patients without 

stroke. Non-Hispanic Black patients comprised 25.7% of 
the registry but accounted for 30.6% of ischemic stroke/
TIA; Asian patients represented 3.9% of the registry 
but made up 6.9% of ischemic stroke/TIA. Conversely, 
Hispanic patients comprised 25.6% of the registry but 
only 17.5% of ischemic stroke/TIA. Non-Hispanic White 
patients were similarly represented in the registry and 
among patients with ischemic stroke (37.5% and 38%, 
respectively). Prevalence of hypertension, prior cerebro-
vascular or coronary disease, diabetes, and atrial fibrilla-
tion/flutter was higher among patients with COVID-19 
and ischemic stroke compared with COVID-19 patients 
without stroke. Prevalence of obesity and chronic kidney 
disease did not differ significantly between COVID-19 
patients with and without acute ischemic stroke/TIA.

Stroke Severity
Figure 2 shows a histogram of NIHSS score in the acute 
ischemic stroke/TIA cohort (median NIHSS score, 11 
[interquartile range, 17; first to third quartile, 3–20]). 
The majority of strokes occurred in age groups 51 to 80 
years, and a significant portion was mild (NIHSS score, 
≤5). Of patients with acute ischemic stroke/TIA, 8.8% 
received thrombolysis and 10.6% underwent thrombec-
tomy (Table 2). Seventy percent of patients with acute 
ischemic stroke/TIA were managed in the ICU during 
their admission, compared with 30% of patients who did 
not experience a stroke; those who were managed in the 
ICU had higher NIHSS scores (median, 17.5 versus 3). 
Similarly, 58.1% of patients with acute ischemic stroke/
TIA and COVID-19 required mechanical ventilation, com-
pared with 18.9% of patients without stroke.

Multivariable Correlates of Acute Ischemic 
Stroke/TIA Risk
Race and Ethnicity
Acute ischemic stroke prevalence in this registry was 
1.3% among Asian patients, 0.91% among Non-His-
panic Black patients, 0.75% among non-Hispanic White 
patients, and 0.52% among Hispanic patients. Despite 
these differences in the descriptive analysis, odds of 
ischemic stroke/TIA did not differ after sequential adjust-
ment for demographics, comorbidities, and illness severity 
(model 4: odds ratio [OR], 1.77 [0.91–3.45], 1.19 [0.80–
1.77], and 0.90 [0.56–1.44], for Asian, non-Hispanic 
Black, and Hispanic patients, respectively, compared with 
non-Hispanic White patients). These models are graphi-
cally summarized in Figure 3; numerical ORs and 95% 
CIs are provided in Table II in the Supplemental Material.

Sex and Age
We observed a higher proportion of males among COVID-
19 patients with acute ischemic stroke/TIA compared with 
those without stroke (63.1% versus 53.9%, respectively), 
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but sex was not significantly associated with odds of isch-
emic stroke/TIA in adjusted models. We noted lower odds 
of ischemic stroke/TIA among age groups younger than 
50 years and older than 80 years compared with the ref-
erence age category of 51 to 60 years in both unadjusted 
and adjusted models. Interpretation of these results in 
the older age groups is limited by the low event rates and 
potential bias due to higher acuity and mortality. That is, a 
higher prevalence of critical illness among elderly patients 
with COVID-19 may have precluded assessment or diag-
nosis of stroke, or greater mortality among older individuals 
may have truncated the time required for stroke to occur 
or be diagnosed. All results are summarized graphically in 
Figure 3, with point estimates and CIs for ORs provided in 
Table II in the Supplemental Material.

Comorbidities and Illness Severity
In multivariable adjusted models, hypertension and 
atrial fibrillation were significantly associated with 
increased odds of acute ischemic stroke/TIA (model 4: 
OR, 2.15 [1.39–3.30] and 1.98 [1.29–3.06], respec-
tively), and history of CVD also showed a trend toward 
positive association (model 4: 1.39 [0.98–1.97]; Fig-
ure 3; Table II in the Supplemental Material). As we 
observed in our descriptive analysis, obesity did not 
confer an increased risk of ischemic stroke; indeed, 
after adjusting for comorbidities and illness severity, it 
was associated with a lower odds of ischemic stroke/
TIA (model 4: OR, 0.65 [0.46–0.92]). In the adjusted 
analysis, only the critical illness features of ICU admis-
sion and mechanical ventilation (model 4: OR, 1.96 

Table 1. Demographic and Baseline Clinical Characteristics of 21 073 Hospitalized COVID-19 Patients 
With Acute Ischemic Stroke/TIA, Other Stroke, and No Stroke

Ischemic stroke 
and TIA (n=160)

Other stroke 
(n=129)

No stroke 
(n=20 784) P value (ischemic 

stroke and TIA vs 
no stroke)n (%) n (%) n (%)

Race/ethnicity 0.057

 Hispanic, any race 28 (17.5) 59 (45.7) 5323 (25.6)  

 Black, non-Hispanic 49 (30.6) 32 (24.8) 5333 (25.7)  

 White, non-Hispanic 60 (37.5) 59 (45.7) 7895 (38.0)  

 Asian 11 (6.9) 7 (5.4) 819 (3.9)  

 Other* 12 (7.5) 9 (7.0) 1414 (6.8)  

Mean age, y±SD 65.2±13 65.3±14.8 61.1±17.9 0.002

Age group categories

 18–30 3 (1.9) 1 (0.8) 1255 (6.0) 0.040

 31–40 3 (1.9) 9 (7.0) 1818 (8.7) 0.003

 41–50 10 (6.3) 11 (8.5) 2699 (13.0) 0.015

 51–60 38 (23.8) 19 (14.7) 3799 (21.2) 0.093

 61–70 50 (31.3) 43 (33.3) 4406 (21.2) 0.002

 71–80 41 (25.6) 28 (21.7) 3645 (17.5) 0.010

 81–90 14 (8.8) 13 (10.1) 2415 (11.6) 0.018

 91–110 1 (0.6) 5 (3.9) 747 (3.6) 0.072

Male sex 101 (63.1) 82 (63.6) 11 208 (53.9) 0.025

Medical history

 Obesity† 59 (36.9) 40 (31.0) 8558 (41.2) 0.307

 Diabetes 72 (45.0) 42 (32.6) 7300 (35.1) 0.011

 Hypertension 129 (80.6) 80 (62.0) 12 139 (58.4) <0.0001

 Coronary artery disease 24 (15.0) 17 (13.2) 2026 (9.7) 0.036

 Heart failure 21 (13.1) 16 (12.4) 2373 (11.4) 0.581

 Cerebrovascular disease 37 (23.1) 28 (21.7) 2464 (11.9) <0.0001

 Atrial fibrillation/flutter 31 (19.4) 14 (10.9) 1977 (9.5) <0.0001

 Smoking/vaping 15 (9.4) 8 (6.2) 1371 (6.6) 0.212

 PE/DVT 7 (4.4) 6 (4.7) 1000 (4.8) 0.943

 Cancer 20 (12.5) 22 (17.1) 2576 (12.4) 1.000

 Chronic kidney disease 26 (16.3) 18 (14.0) 2647 (12.7) 0.227

DVT indicates deep vein thrombosis; PE, pulmonary embolism; and TIA, transient ischemic attack.
*American Indian/Alaska Native, Native Hawaiian or Pacific Islander, and individuals with undetermined race/ethnicity.
†Indicates >5% missing data.
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[1.20–3.20] and 2.89 [1.80–4.64], respectively) were 
associated with ischemic stroke/TIA.

In-Hospital Outcomes
Episodic atrial fibrillation during hospital admission was 
more prevalent among COVID-19 patients with acute 
ischemic stroke than those without stroke (18.1% ver-
sus 8%); approximately half in both groups had no his-
tory of atrial fibrillation. Length of stay and in-hospital 
mortality were higher among stroke patients than no-
stroke patients (mean length of stay, 20.2±20.6 days for 
stroke and 9.8±11.2 days for no stroke; mortality, 37.5% 
for stroke and 15.1% for no stroke; Table 2). COVID-19 
patients with acute ischemic stroke/TIA were less likely 
to be discharged home than those who did not have a 
stroke (Table 2). In an analysis of predictors of in-hospital 
mortality among COVID-19 patients, ischemic stroke/
TIA was positively associated with inpatient death in the 
unadjusted analysis, as well as after sequential adjust-
ment for demographics and comorbidities (model 1: OR, 

3.33 [2.41–4.59]; model 2: OR, 3.11 [2.14–4.35]; model 
3: OR, 3.00 [2.14–4.21]). However, after adjusting for 
illness severity, ischemic stroke/TIA was not associated 
with mortality (model 4: OR, 1.19 [0.80–1.77]; Table III in 
the Supplemental Material).

DISCUSSION
In this study, we present characteristics of hospital-
ized COVID-19 patients with acute ischemic stroke or 
TIA in a large, nationally representative registry. While 
prior studies from the AHA Get With The Guidelines 
COVID-19 CVD Registry have investigated outcomes 
and cardiovascular risk factors, this is the first analysis 
to quantify the prevalence of acute ischemic cerebrovas-
cular events and identify potential predictors of stroke 
among hospitalized COVID-19 patients in the United 
States. We noted a higher risk of acute ischemic stroke 
among patients hospitalized with COVID-19 compared 

Figure 1. Histogram of days from 
coronavirus disease 2019 (COVID-19) 
symptom onset to ischemic stroke/
transient ischemic attack for 118 
patients for whom data are available.
Bars to the left of zero represent 
individuals who experienced an ischemic 
stroke immediately before COVID-19 
symptom onset. ICU indicates intensive 
care unit.

Figure 2. Histogram of National 
Institutes of Health (NIH) Stroke 
Scale score in 5-unit bins among 91 
coronavirus disease 2019 (COVID-19) 
patients with acute ischemic stroke/
transient ischemic attack for whom 
data are available.
 ICU indicates intensive care unit.
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with that reported after influenza or sepsis.2,11 However, 
compared with other registry-based studies in a similar 
population, prevalence of acute ischemic stroke in our 
sample was lower (0.75%). In our sample, more than half 
the ischemic stroke events occurred within 2 weeks of 
COVID-19 symptom onset; this aligns with prior findings 
that ischemic vascular events among COVID-19 patients 
occur earlier in the infectious course.5 We also noted that 
COVID-19 patients with ischemic stroke were more likely 
to be older and male, with a higher prevalence of hyper-
tension, diabetes, and atrial fibrillation, than those without 
stroke. In addition, COVID-19 patients who experienced 
an acute ischemic stroke also had higher prevalence of 
critical illness features and worse in-hospital outcomes. 
There was no difference in risk of ischemic stroke by race.

Given the racial disparities in infections, hospitaliza-
tions, and outcomes throughout the COVID-19 pan-
demic, we sought to investigate potential disparities in 

ischemic stroke by race and ethnicity as reported in the 
registry. Although we noted higher acute ischemic stroke 
prevalence among hospitalized Asian and non-Hispanic 
Black COVID-19 patients, in adjusted models, we did not 
find that odds of ischemic stroke varied by race. However, 
these findings do not negate the disproportionate impact 
of the pandemic on communities of color. In an analy-
sis of in-hospital death among Black and White patients 
with COVID-19 in a large Louisiana-based health system, 
Price-Haywood et al12 found no differences in mortality 
after adjusting for sociodemographic and clinical factors. 
However, Black patients in that study accounted for over 
70% of hospitalizations and deaths, despite comprising 
only 31% of residents in the health system. These find-
ings were also noted in analyses of mortality in this AHA 
COVID-19 CVD registry, wherein Black and Hispanic 
patients were overrepresented overall, but mortality did 
not differ after adjusting for other factors.9 We observed 

Table 2. Admission Features, In-Hospital Characteristics, Interventions, and Outcomes Among 21 073 
Hospitalized COVID-19 Patients With Acute Ischemic Stroke/TIA, Other Stroke, and No Stroke

Ischemic stroke 
and TIA (n=160)

Other stroke* 
(n=129)

No stroke 
(n=20 784) P value (isch-

emic stroke and 
TIA vs no stroke)n (%) n (%) n (%)

Admission features

 O2 sat <94% or supplemental O2† 84 (52.5) 68 (52.7) 10 265 (49.4) 0.48

 Pulmonary infiltrate on CXR or CT 104 (65.0) 73 (56.6) 13 769 (66.2) 0.80

Hospitalization characteristics

 Episodic atrial fibrillation 29 (18.1) 25 (19.4) 1666 (8.0) <0.0001

 New diagnosis‡ 14 (8.8) 18 (14.0) 932 (4.5) 0.02

 ICU admission 110 (68.8) 105 (81.4) 6270 (30.2) <0.0001

 Mechanical ventilation 93 (58.1) 78 (60.5) 3931 (18.9) <0.0001

 New renal replacement therapy 60 (37.5) 23 (17.8) 797 (3.8) <0.0001

 Seizure 7 (4.4) 12 (9.3) 140 (0.7) <0.0001

 Length of stay, d±SD 20.2±20.6 23.7±23.7 9.8±11.2 <0.0001

 Inpatient death 60 (37.5) 46 (35.7) 3148 (15.1) <0.0001

NIHSS score

 N reported, % 91 (56.8) 39 (30.2) … …

 Median (IQR; first to third quartile) 11 (17; 3–20) 6 (18.5; 1–19.5) … …

Stroke therapies

 Thrombolysis 14 (8.8) 11 (8.5) … …

 Thrombectomy 17 (10.6) 3 (2.3) … …

Discharge disposition

 Home 29 (18.1) 25 (19.3) 13 018 (62.6) <0.0001

 Hospice (home and facility) 8 (5.0) 5 (3.9) 612 (2.9) 0.20

 Acute care facility 7 (4.3) 12 (9.3) 606 (2.9) 0.05

 Inpatient rehabilitation 24 (15.0) 18 (14.0) 632 (30.4) <0.0001

 Skilled nursing facility 18 (11.2) 17 (13.2) 2082 (10.0) 0.70

 Long-term care facility 10 (6.3) 0 (0) 213 (1.0) <0.001

CT indicates computed tomography; CXR, chest x-ray; ICU, intensive care unit; IQR, interquartile range; NIHSS, National Institutes of 
Health Stroke Scale; sat, saturation; and TIA, transient ischemic attack.

*44 (15.2%) intracerebral hemorrhages, 33 (11.4%) subarachnoid hemorrhages, 21 (7.3%) epidural/subdural hemorrhages, 2 (0.7%) 
cerebral venous sinus thromboses, and 24 (8.3%) strokes not otherwise specified.

†Indicates >5% missing data.
‡Patients without history of atrial fibrillation, noted to have atrial fibrillation during hospitalization.
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similar discrepancies in prevalence of acute ischemic 
stroke in our sample. Racial disparities in neurological 
sequelae specific to COVID-19 remain to be elucidated 
and should be a focus of future work.

We did not observe in any of our models that older 
age was significantly associated with higher odds of 
ischemic stroke; after adjusting for comorbidities and 
illness severity, age groups younger than 50 years and 
older than 80 years had a lower risk of ischemic stroke. 
Although these findings must be interpreted with caution 
given the small sample of older individuals in our study 
and potential selection bias, it is remarkable given the 
generally higher prevalence of atherosclerotic risk fac-
tors with increasing age. Despite the relatively long period 
between COVID-19 symptom onset and stroke occur-
rence that may have allowed for the development of sec-
ondary cardiac complications such as atrial arrhythmias, 
the majority of acute ischemic cerebrovascular events in 
the registry are not explained by episodic atrial fibrilla-
tion, which occurred in less than a fifth of acute ischemic 
stroke/TIA patients. A recent study from the AHA Get 
With The Guidelines Stroke Registry noted younger age 
among ischemic stroke patients with COVID-19 com-
pared with those who did not have COVID-19, which 
may suggest a potential nonatherosclerotic pathway 
associated with the infection underlying ischemic stroke 
in this population.13 While numerous thrombotic mecha-
nisms have been proposed, the main postulated pathway 
underlying the burden of thrombotic complications in 
severe acute respiratory syndrome coronavirus 2 infec-
tion is the interaction between intravascular tissue factor, 
innate immune cells, platelets, and endothelial cells that 
ultimately activates the coagulation cascade.14 These 
hypothesis-generating findings suggest a potential pro-
thrombotic pathway unique to COVID-19.

Our finding that ischemic stroke/TIA was not a predic-
tor of in-hospital death after adjusting for illness severity 
in addition to demographics and comorbidities suggests 
that the higher mortality among COVID-19 inpatients with 
ischemic stroke may be driven by COVID-19–associated 
illness severity rather than ischemic stroke itself. Our 
main analysis indicated that ICU admission and mechani-
cal ventilation were significantly associated with risk of 
ischemic stroke/TIA. This suggests that risk of ischemic 
stroke in COVID-19 may be mediated primarily by the 
severity of COVID-19 illness, which in turn also confers 
a higher risk of mortality. These findings are hypothesis 
generating, however, and we did not investigate in depth 
the associated morbidity among COVID-19 patients with 
ischemic stroke, which is an equally important measure of 
outcome. Although we observed a lower likelihood of dis-
charge to home for COVID-19 patients with acute isch-
emic stroke compared with those without stroke, further 
measures are needed to define the burden of morbidity 
from concomitant COVID-19 and acute ischemic stroke.

Our observational approach has several limitations. 
Our sample is prone to selection bias, given that individu-
als with cardiovascular and stroke risk factors and are 
more likely to be hospitalized for COVID-19 than those 
without these risk factors; thus, we may have observed a 
relatively high prevalence of acute ischemic stroke in our 
inpatient cohort not due to COVID-19 infection but con-
founding comorbidities. Additionally, some of the predic-
tors of ischemic cerebrovascular events identified in our 
study may be statistically significant but hold less clinical 
relevance. We also do not account for potential time-
varying covariates, such as hospital capacity and COVID-
19 prophylactic and therapeutic strategies, during the 
surge of cases in the United States in the early months 
of the pandemic, which may have influenced outcomes 

Figure 3. Odds ratios for acute ischemic stroke/transient ischemic attack (TIA) among 21 073 hospitalized coronavirus disease 
2019 (COVID-19) patients in sequentially adjusted logistic regression models with reference variables as indicated.
CIs at the 95% level are denoted by the horizontal bars; filled circles represent P<0.05. Vertical dotted line represents an odds ratio of 1. ICU 
indicates intensive care unit.
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following stroke. Further, although we report findings by 
race/ethnic group, race/ethnicity in this data set is taken 
from clinical records, and not reliably available via self-
report. Finally, given the exclusive enrollment of hospital-
ized subjects with COVID-19 in our sample, we cannot 
generalize our findings to nonhospitalized patients. As 
our outcomes are limited to in-hospital end points, we 
also cannot infer the long-term cardiovascular risk asso-
ciated with COVID-19 from the data in our study.

CONCLUSIONS
We observed a lower-than-previously-reported prevalence 
of acute ischemic stroke among patients hospitalized with 
COVID-19; however, the prevalence was still higher than 
that reported in association with similar infectious condi-
tions. Individuals who were middle aged, had vascular risk 
factors, or had greater severity of COVID-19 illness were 
at higher risk of ischemic stroke. Although acute ischemic 
stroke prevalence varied by race and ethnic group, these 
differences were not borne out after adjusting for other 
comorbid conditions. Ongoing work is needed to under-
stand the mechanism and risk for ischemic stroke among 
COVID-19 patients, the efficacy of traditional stroke ther-
apies in this population, and the effect of COVID-19 on 
longer term cardiovascular risk. Our work also highlights 
the important role of registry-based studies in a rapidly 
evolving pandemic to explore acute and chronic complica-
tions. These multicenter prospectively registered data can 
provide accurate and generalizable information regarding 
the burden and impact of vascular disease among hospi-
talized COVID-19 patients.
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