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BACKGROUND AND PURPOSE: Acute ischemic stroke may occur in patients with coronavirus disease 2019 (COVID-19), but risk
factors, in-hospital events, and outcomes are not well studied in large cohorts. We identified risk factors, comorbidities, and
outcomes in patients with COVID-19 with or without acute ischemic stroke and compared with patients without COVID-19
and acute ischemic stroke.

METHODS: We analyzed the data from 54 health care facilities using the Cerner deidentified COVID-19 dataset. The dataset
included patients with an emergency department or inpatient encounter with discharge diagnoses codes that could be
associated to suspicion of or exposure to COVID-19 or confirmed COVID-19.

RESULTS: A total of 103 (1.3%) patients developed acute ischemic stroke among 8163 patients with COVID-19. Among
all patients with COVID-19, the proportion of patients with hypertension, diabetes, hyperlipidemia, atrial fibrillation, and
congestive heart failure was significantly higher among those with acute ischemic stroke. Acute ischemic stroke was
associated with discharge to destination other than home or death (relative risk, 2.1 [95% Cl, 1.6-2.4]; ”<0.0001) after
adjusting for potential confounders. A total of 199 (1.0%) patients developed acute ischemic stroke among 19513 patients
without COVID-19. Among all ischemic stroke patients, COVID-19 was associated with discharge to destination other than
home or death (relative risk, 1.2 [95% Cl, 1.0-1.3]; P=0.03) after adjusting for potential confounders.

CONCLUSIONS: Acute ischemic stroke was infrequent in patients with COVID-19 and usually occurs in the presence of other
cardiovascular risk factors. The risk of discharge to destination other than home or death increased 2-fold with occurrence
of acute ischemic stroke in patients with COVID-19.

GRAPHIC ABSTRACT: An online graphic abstract is available for this article.

Key Words: coronavirus ® death ® electronic health records ® ischemic stroke ® morbidity

the risk of acute ischemic stroke' similar to the

increased risk of 3.2-fold to 7.8-fold seen within the
first 3 days after other respiratory tract infections.?® In
a review of literature in April 2020,* the proportion of
patients with COVID-19 who have acute ischemic stroke
was estimated to be 4.9% (95% CI, no continuity cor-
rection, 2.8%-8.7%)° during initial hospitalization. Using
similar assumptions, an estimated 182485 and 269383
patients who have COVID-19 will also have ischemic
stroke considering 9988264 patients had COVID-19

COronavirus disease 2019 (COVID-19) may increase

in the world on June 27, 2020,* and an estimated 21%
to 31% of patients with COVID-19 required hospital-
ization.® Subsequently, several small case series have
reported the occurrence of ischemic stroke in patients
with COVID-19.77'2 The increased risk of ischemic stroke
is probably multifactorial, with activation of coagulation
and inflammatory pathways as reflected in increased
fibrin p-dimer levels, erythrocyte sedimentation rate,
lactic acid dehydrogenase, and lymphopenia®'®-'® An
international panel of stroke experts from 18 countries
recommended further studies to understand whether
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Nonstandard Abbreviations and Acronyms

COVID-19 coronavirus disease 2019

ICD-10-CM International Classification of Diseases,
Tenth Revision, Clinical Modification

RR relative risk

there are differences in risk factors, manifestations,
response to treatment strategies, and outcomes in acute
ischemic stroke patients with COVID-19.* We performed
this study to identify risk factors, comorbidities, treatment
strategies, and outcomes in patients with ischemic stroke
derived from a large cohort of COVID-19 patients.

METHODS

We performed this retrospective cohort study with short-term
(in hospital) follow-up by analyzing the data from the Cerner
deidentified COVID-19 dataset—a subset of Cerner Real-World
Data extracted from the electronic medical records of health
care facilities that have a data use agreement with Cerner
Corporation.'”® The methodological aspects of the dataset are
available in another publication.’® The data are based on elec-
tronic medical encounters between December 2019 and April
2020. The dataset as part of deidentification procedure does
not provide data on regions and hospitals. Institutional review
board approval was not required as the data analyzed consisted
of deidentified medical encounters. The dataset is available
through Cerner Corporation and includes data for patients who
qualified for inclusion based on the following criteria:

1. Patient has a minimum of 1 emergency department or
inpatient encounter with a discharge diagnosis code that
could be associated with exposure to or clinical suspicion
of COVID-19 or

2. Patient has a minimum of 1 emergency department or
inpatient encounter with a positive laboratory test for
COVID-19.

The Cerner Real-World Data-COVID-2020Q2apr version
of the data included data from 54 contributing Cerner Real-
World Data health systems that had qualifying patients. The
dataset included both patients in whom COVID-19 was con-
firmed and those in whom the diagnosis was suspected but
excluded. In general, Cerner Real-World Data comprise >100
clinical and nonclinical variables associated with hospital stays,
including primary and secondary diagnoses, primary and sec-
ondary procedures, patients’ admission and discharge status,
and patient demographic information. Race was coded into
various categories (White, Black, Asian or Pacific Islander, or
American Indian or Alaska Native), and ethnicity was coded as
Hispanic or non-Hispanic as recorded in electronic medical
records within the US population. The Cerner Corporation has
established Health Insurance Portability and Accountability
Act—compliant operating policies to establish deidentification
for Cerner Real-World Data.

We used the International Classification of Diseases, Tenth

Revision, Clinical Modification (ICD-10-CM), primary discharge
diagnosis codes 163, 165, and 166 to identify the patients
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admitted with acute ischemic stroke. The ICD-10-CM codes
were used to identify patients with hypertension (110, 010.0,
010.9, 116, and 167.4), diabetes (E08,E09, E10,E11,and E13),
nicotine dependence (F17), hyperlipidemia (E78), atrial fibril-
lation (148), and congestive heart failure (109.81, 111.0, and
150). The ICD-10-CM secondary diagnosis codes were used
to identify those with stroke-associated complications such as
cerebral edema (G93.5 and G93.6), acute kidney injury (N17),
hepatic failure (K72), cardiac arrest (146), systemic inflam-
matory response syndrome (R65.1), respiratory failure (J96),
pneumonia (J12-J18), urinary tract infection (N30.0, N30.9,
N34.1, N34.2, and N39.0), septic shock (A41 and R65.21),
deep venous thrombosis (182), pulmonary embolism (126),
intracerebral (161 and 162.9) or subarachnoid hemorrhage
(160), and acute myocardial infarction (I121). We also used ICD-
10-CM procedure codes and current procedural terminology
codes to estimate the proportion of acute ischemic stroke
patients who underwent thrombolytic treatment identified by
ICD-10 procedure codes 3E03317 and 3E06317 or current
procedural terminology codes 37195 and mechanical throm-
bectomy or intraarterial thrombolytic administration by /CD-10
procedure codes (03CG3ZZ, 03CG3Z7, 03CH3Z7, 03CJ0ZZ,
03CJ377, 03CK3z7 03CK3zz, 03CL3Z7 03CL3ZZ,
03CL0ZZ, 03CP3ZZ, 03CY3ZZ, 00C73ZZ or 3E03317, and
3E06317) or current procedural terminology codes 61654 or
37190b. Intubation and mechanical ventilation were identified by
ICD-10-CM codes OBJ17EZ and Z9911 or current procedural
terminology codes 31500, 94656, and 94657 (for intubation)
or 94002 to 94005 (for mechanical ventilation).

The outcome was based on discharge destination without any
postdischarge data. Discharge destination was categorized as
home or discharge to destination other than home (acute reha-
bilitation, intermediate care or skilled nursing facility, or nursing
home). Discharge destination to home has been shown to predict
none-to-mild disability while discharge to destination other than
home predicts moderate-to-severe disability at 3 months post-
stroke.?°2! Qur analysis included only patients with medical history
to ensure completeness of the records of potential comorbidities
that constituted ~67% of patients within the dataset.

Statistical Analysis

We performed this analysis to identify any significant differ-
ences in demographic and clinical characteristics, in-hospital
events, and outcomes between (1) COVID-19 patients with and
without acute ischemic stroke and (2) acute ischemic stroke
patients with and without COVID-19. We compared patients’
age, sex, race/ethnicity, cardiovascular risk factors, length of
stay, medical complications, procedures performed, and dis-
charge status (categorized into discharge home, discharge to
destination other than home, or death) for patients in strata
based on the presence or absence of acute ischemic stroke
among COVID-19 patients. We also analyzed the data from
patients with acute ischemic stroke without COVID-19 to iden-
tify differences in abovementioned variables between ischemic
stroke patients with or without COVID-19. We used the y? test
for categorical data and 2-sample t test for continuous data to
detect any significant differences in variables among COVID-
19 patients with and without ischemic stroke. We adjusted for
multiple comparisons using Bonferroni correction. Any £<0.05
is considered significant.
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We performed stepwise backward logistic regression analy-
sis including all COVID-19 patients to identify the association
between the presence of acute ischemic stroke and risk of dis-
charge to destination other than home or death after adjusting
for age (age strata, <35, 36-54, 55-70, and >70 years), sex,
race/ethnicity, hypertension, diabetes, nicotine dependence,
hyperlipidemia, atrial fibrillation, and congestive heart failure.
We performed another stepwise backward logistic regression
analysis including all ischemic stroke patients to identify the
association between the presence of COVID-19 and risk of
discharge to destination other than home or death after adjust-
ing for age (age strata), sex, race/ethnicity, hypertension, dia-
betes, nicotine dependence, hyperlipidemia, atrial fibrillation,
and congestive heart failure. All the analyses were done using
R, version 3.6.3.

RESULTS

There were a total of 8163 patients with confirmed
COVID-19 among 27 676 patients in the Cerner deiden-
tified COVID-19 dataset; 103 (1.3%) patients developed
acute ischemic stroke among 8163 patients with COVID-
19. One hundred ninety-nine (1.0%) patients developed
acute ischemic stroke among 19513 patents in whom
COVID-19 infection was not diagnosed. Of the 103
patients with confirmed COVID-19 and acute ischemic
stroke, 94 received their COVID-19 diagnosis during the
same encounter that they had acute ischemic stroke.

Comparison Between COVID-19 Patients With
and Without Acute Ischemic Stroke

The mean age (yearststandard deviation) of COVID-19
patients with acute ischemic stroke was higher compared
with those without stroke (68.8+15.1 versus 54.4+20.3;
P<0.0001). The proportion of Black people (44.7% ver-
sus 31.2%; P=0.003) was higher and that of Hispanic
people (6.8% versus 20.6%; P=0.0002) was lower
among COVID-19 patients with acute ischemic stroke
compared with those without stroke (Table 1). The propor-
tion of patients with hypertension (84.5% versus 48.2%;
F<0.0001), diabetes (56.3% versus 30.2%; £<0.0001),
hyperlipidemia (75.7% versus 33.3%; A<0.0001), atrial
fibrillation (28.2% versus 10.1%; A<0.0001), and con-
gestive heart failure (33.0% versus 12.7%; F<0.0001)
was significantly higher among COVID-19 patients
with acute ischemic stroke compared with those with-
out stroke. The proportion of patients who developed
cerebral edema (3.9% versus 0.4%; £<0.0001; Table 1),
intracerebral hemorrhage (1.9% versus 0%), or myocar-
dial infarction (10.7% versus 4.6%; P=0.003) was higher
among COVID-19 patients with acute ischemic stroke
compared with those without stroke. COVID-19 patients
with acute ischemic stroke were more likely to develop
acute kidney injury (60.5% versus 22.8%; F<0.0001),
hepatic failure (3.9% versus 1.2%; P=0.02), and respira-
tory failure (52.4% versus 29.6%; £<0.0001) compared
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with those without stroke. There was no difference in the
proportion of patients who developed pneumonia, pul-
monary embolism, deep venous thrombosis, and cardiac
arrest between the two groups.

The in-hospital mortality (19.4% versus 6.2%;
R<0.0001) and discharge to destination other than
home (62.19% versus 29.19%; F<0.0001) were signifi-
cantly higher in COVID-19 patients with acute ischemic
stroke compared with those without stroke (Table 2). In
the multivariate model including all COVID-19 patients,
acute ischemic stroke was associated with discharge to
destination other than home or death (relative risk [RR],
2.1 [95% CI, 1.6—2.4]; ”<0.0001). Other factors associ-
ated with discharge to destination other than home or
death were age (compared with <35 years) of 35 to 54
years (RR, 1.3 [95% CI, 1.2-1.5]; A~<0.0001), age of 55
to 70 years (RR, 2.0 [95% ClI, 1.8-2.1]; ”~<0.0001), and
age >70 years (RR, 2.6 [95% Cl, 2.6-2.7]; £<0.0001),
men (RR, 1.1 [95% ClI, 1.1-1.2]; P=0.0003), Black race
(RR, 1.1 [95% CI, 1.0-1.2]; P=0.005), Hispanic ethnicity
(RR, 0.7 [95% ClI, 0.6-0.8]; /<0.0001), diabetes (RR,
1.3 [95% CI, 1.2-1.4]; A<0.0001), atrial fibrillation (RR,
1.4 [95% ClI, 1.2-1.5]; A<0.0001), and congestive heart
failure (RR, 1.4 [95% CI, 1.3—1.5]; ”/<0.0001).

Comparison Between Acute Ischemic Stroke
Patients With and Without COVID-19

The mean age (+standard deviation) of acute isch-
emic stroke patients with COVID-19 was similar com-
pared with those without COVID-19 (68.8+£15.1 versus
71.0£14.9; P=0.24). The proportion of Black people
(44.7% versus 19.6%; £<0.0001) was higher and that
of White people (35.9% versus 56.3%; FP=0.0007)
was lower among acute ischemic stroke patients with
COVID-19 compared with those without COVID-19
(Table 1). The proportions of patients with hyperten-
sion, diabetes, hyperlipidemia, atrial fibrillation, myocar-
dial infarction, and congestive heart failure among acute
ischemic stroke patients with COVID-19 were similar
compared with those without COVID-19. The propor-
tions of patients who developed cerebral edema, intra-
cerebral hemorrhage, pulmonary embolism, deep venous
thrombosis, and cardiac arrest were similar between
acute ischemic stroke patients with and without COVID-
19 (Table 1). There was no difference in the proportions
of patients who developed acute kidney injury, hepatic
failure, respiratory failure, or pneumonia between the two
groups. The proportions of patients who received intra-
venous thrombolysis (1.0% versus 1.0%; P=0.98) or
mechanical thrombectomy (1.0% versus 1.0%; A=0.98)
among acute ischemic stroke patients with COVID-19
were similar compared with those without COVID-19.
The in-hospital mortality among acute ischemic
stroke patients with COVID-19 was similar compared
with those without COVID-19 (19.4% versus 21.6%;
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Table 1. Demographic and Clinical Characteristics of Patients
Patients with COVID- Patients with COVID- Patients with acute
19 and acute ischemic | 19 but without any ischemic stroke with-

Items stroke (n=103) stroke (n=7606) out COVID-19 (n=199)

Baseline characteristics
Mean age (£SD), y* 68.8+15.1 54.4+20.3 71.0114.9
Age <35 y* 2 (1.9%) 1488 (19.6%) 6 (3.0%)
Age 35-54 y*t 17 (16.5%) 2105 (27.7%) 17 (8.5%)
Age 55-70y 32 (31.1%) 2188 (28.8%) 57 (28.6%)
Age >70 y* 52 (50.5%) 1825 (24.0%) 119 (59.8%)
Men 46 (44.7%) 3575 (47.0%) 110 (55.3%)
White, non-Hispanict 37 (35.9%) 2290 (30.1%) 112 (56.3%)
Black*t 46 (44.7%) 2374 (31.2%) 39 (19.6%)
Asian or Pacific Islander 2 (1.9%) 199 (2.6%) 3 (1.5%)
American Indian or Alaska Native 1 (1.0%) 99 (1.3%) 2 (1.0%)
Hispanics* 6 (5.8%) 1570 (20.6%) 23 (11.6%)
Hypertension* 87 (84.5%) 3662 (48.2%) 165 (82.9%)
Diabetes* 58 (56.3%) 2295 (30.2%) 103 (51.8%)
Nicotine dependence 11 (10.7%) 650 (8.6%) 39 (19.6%)
Hyperlipidemia* 78 (75.7%) 2535 (33.3%) 142 (71.4%)
Atrial fibrillation* 29 (28.2%) 768 (10.1%) 72 (36.2%)
Congestive heart failure* 34 (33.0%) 969 (12.7%) 72 (36.2%)

In-hospital events
Mean length of hospitalization (£SD), d 10+8 716 9+7
Cerebral edema* 4 (3.9%) 27 (0.4%) 5 (2.5%)
Pneumonia 58 (56.3%) 3424 (45.0%) 109 (54.8%)
Deep venous thrombosis 7 (6.8%) 284 (3.7%) 22 (11.1%)
Pulmonary embolism 4 (3.9%) 173 (2.3%) 5 (2.5%)
Intubation/mechanical ventilation 7 (6.8%) 265 (3.5%) 25 (12.6%)
Urinary tract infection 29 (28.2%) 1349 (17.7%) 59 (29.7%)
Acute kidney injury* 52 (50.5%) 1737 (22.8%) 95 (47.7%)
Hepatic failure* 4 (3.9%) 94 (1.2%) 6 (3.0%)
Cardiac arrest 4 (3.9%) 117 (1.5%) 10 (5.0%)
Acute myocardial infarction* 11 (10.7%) 347 (4.6%) 36 (18.1%)
Intracerebral hemorrhage* 2 (1.9%) 0 (0%) 6 (3.0%)
Systemic inflammatory response syndrome | 2 (1.9%) 113 (1.5%) 4 (2.0%)
Septic shock 37 (35.9%) 1338 (17.6%) 81 (40.7%)
Respiratory failure* 54 (52.4%) 2249 (29.6%) 99 (49.8%)

COVID-19 indicates coronavirus disease 2019; and SD, standard deviation.
*Significant difference between COVID-19 patients with acute ischemic stroke compared with those without any stroke.
tSignificant difference between acute ischemic patients with COVID-19 compared with those without COVID-19.

P=0.66). There was a significantly higher rate of dis-
charge to destination other than home among acute
ischemic stroke patients with COVID-19 compared
with those without COVID-19 (62.1% versus 48.2%;
P=0.02; Table 2). In the multivariate model, COVID-19
(RR, 1.2 [95% CI, 1.0-1.3]; P=0.03) was associated
with discharge to destination other than home or death
in patients with acute ischemic stroke. Another factor
associated with discharge to destination other than
home or death was atrial fibrillation (RR, 1.2 [95% Cl,
1.0-1.3]; P=0.014).
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DISCUSSION

Salient Findings

We identified several findings from the study of 103
acute ischemic stroke patients among 8163 patients
with COVID-19. Patients with COVID-19 (compared
with those without COVID-19) who developed acute
ischemic stroke were older, more likely to be Black,
and had a higher frequency of hypertension, diabetes,
hyperlipidemia, atrial fibrillation, and congestive heart
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Table 2. Outcomes of Patients

Acute Ischemic Stroke and Coronavirus Disease 2019

Patients with COVID-
19 and acute ischemic

Patients with COVID-
19 but without any

Patients with acute
ischemic stroke with-

Outcome stroke (n=103) stroke (n=7606) out COVID-19 (n=199)
Discharge home* 19 (18.5%) 4939 (64.9%) 60 (30.2%)
Discharge to destination other than home*t 64 (62.1%) 2215 (29.1%) 96 (48.2%)
In-hospital death*t 20 (19.4%) 474 (6.2%) 43 (21.6%)

COVID-19 indicates coronavirus disease 2019.

*Significant difference between patients with COVID-19 and acute ischemic stroke compared with those without any stroke.

tSignificant difference between acute ischemic patients with COVID-19 compared with those without COVID-19.

failure. Patients with COVID-19 who developed acute
ischemic stroke compared with those without acute
ischemic stroke had higher cardiovascular events during
hospitalization including cerebral edema, intracerebral
hemorrhage, and myocardial infarction. Patients with
COVID-19 and acute ischemic stroke compared with
those without acute ischemic stroke were more likely to
have multisystem involvement with acute kidney injury,
hepatic failure, and respiratory failure. The in-hospital
mortality and discharge to destination other than home
were significantly higher in patients with COVID-19 and
acute ischemic stroke compared with those without
stroke. Patients with acute ischemic stroke had 2-fold
higher risk of discharge to destination other than home
or death compared with those without acute ischemic
stroke among all patients with COVID-19 after adjust-
ment for potential confounders. However, when acute
ischemic stroke patients with COVID-19 were com-
pared with those without COVID-19, there were minimal
differences in baseline and clinical characteristics. There
was a higher proportion of Black people among patients
who had acute ischemic stroke and COVID-19 and
compared with those with acute ischemic stroke with-
out COVID-19. There was a higher rate of discharge to
destination other than home or death in ischemic stroke
patients with COVID-19 compared with those without
COVID-19. Occurrence of COVID-19 was associated
with a 1.2x higher risk of discharge to destination other
than home or death among ischemic stroke patients
after adjustment for potential confounders.

COVID-19 and Risk of Acute Ischemic Stroke

We found a low occurrence (1.3%) of acute ischemic
stroke among COVID-19 patients. A similar prevalence
(19%) of ischemic stroke was seen among patients
without COVID-19 in our analysis. The initial estimates
had suggested a higher proportion (#5%) of patients
with acute ischemic stroke among those hospitalized
with COVID-198 Other studies have suggested that
the proportion of patients with acute ischemic stroke
may range between 1% and 3% among those hos-
pitalized with COVID-19 receiving standard throm-
boprophylaxis.®'" One study'® reported that 0.9% of
3556 hospitalized patients with COVID-19 had acute

Stroke. 2021;52:905-912. DOI: 10.1161/STROKEAHA.120.031786

ischemic stroke. Another recent study' reported that
1.6% of 1916 patients with emergency department
visit or hospitalization related to COVID-19 experi-
enced an acute ischemic stroke. Our findings suggest
that most of the COVID-19 patients who develop acute
ischemic stroke have preexisting cardiovascular risk
factors for large vessel atherosclerosis, small vessel
disease, and cardioembolism similar to acute ischemic
stroke patients without COVID-19. Our findings may
be somewhat different from the earlier observations
from smaller case series that suggested that patients
with COVID-19 who developed acute ischemic stroke
were younger and without preexisting cardiovascular
risk factors.'®?22® QOther studies have reported find-
ings similar to our findings"'®' suggesting that even
it COVID-19 was a predisposing factor, the risk was
mainly seen in those who were already at risk for acute
ischemic stroke due to other cardiovascular risk factors.
Merkler et al' also reported that patients with COVID-
19 had higher rates of hypertension, diabetes, coronary
artery disease, chronic kidney disease, or atrial fibrilla-
tion compared with those with influenza.

COVID-19 and Outcome of Acute Ischemic
Stroke

The higher risk of discharge to destination other than
home or death among COVID-19 patients who also
develop acute ischemic stroke may be multifactorial.
Patients with COVID-19 and acute ischemic stroke
have a much higher occurrence of multisystem involve-
ment including acute kidney injury, hepatic failure, and
respiratory failure. Our findings of higher in-hospital
mortality and discharge to destination other than home
in COVID-19 patients with ischemic stroke compared
with those without stroke have been identified in other
studies.’21623 The rate of discharge to destination
other than home was higher in acute ischemic stroke
patients with COVID-19 compared with those without
COVID-19, supporting the contribution of COVID-19
in determining the outcome in acute ischemic stroke
patients. Patients with COVID-19 have multisystem
involvement as mentioned previously”®?3 and elevation
in serum markers of inflammation and fibrin activa-
tion,"'316 all of which are shown to increase the rate
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of death or disability in patients with acute ischemic
stroke. There is some evidence that the severity of neu-
rological deficits may be greater'®?® and response to
mechanical thrombectomy more limited?* in acute isch-
emic stroke patients with COVID-19. There was no dif-
ference between the rates of utilization of thrombolysis
and mechanical thrombectomy among ischemic stroke
patients with COVID-19 compared with those without
COVID-19 in our analysis.

Implications for Practice

COVID-19 was diagnosed in most acute ischemic
stroke patients at the same encounter as ischemic
stroke. Therefore, acute ischemic stroke patients may
present without a diagnosis of COVID-19 and not
always occur in those with advanced stages of COVID-
19.2 COVID-19 is unlikely to be confirmed or excluded
using laboratory assessment during the time frame for
initial evaluation and decision-making in acute stroke
patients. Therefore, an acute ischemic stroke patient
with suspected COVID-19 has to be evaluated under
the assumption that the patient has COVID-19. The
high rate of discharge to destination other than home
or death in acute ischemic stroke with COVID-19 may
be related to multiple organ dysfunction/failure and is
unlikely to be influenced from acute treatment of isch-
emic stroke. An assessment of the magnitude of mul-
tiple organ dysfunction maybe helpful in delineating the
overall care paradigm in acute ischemic stroke patients
considering the effect of COVID-19-related factors
independent of stroke. Relatively low rates of intrave-
nous thrombolysis and mechanical thrombectomy were
seen in acute ischemic stroke patients with or without
COVID-19. New challenges and delays in existing tri-
age protocols for facilitating rapid transfers from emer-
gency department to angiographic suite and between
facilities may be partly responsible because of new
protocols to ensure early detection of COVID-19 and
reduction in transmission.?52

Limitations

Certain aspects of the analysis may have direct implica-
tions for interpretation. Our analyses used Cerner dei-
dentified COVID-19 dataset derived from large number
of health care facilities. However, the dataset provides
minimal details on the severity of neurological deficits
and diagnostic study results (neuroimaging and labora-
tory tests), and, therefore, the exact reasons for differ-
ences in outcomes between patients with COVID-19
who developed acute ischemic stroke and those who did
not could not be determined. The dataset also depends
on the accuracy of diagnosis and procedures listed in
the data collection system. ICD-10 diagnosis codes
have a high positive predictive value to identify acute
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ischemic stroke from the principle discharge diagnosis.?’”
The discharge functional outcome cannot be measured
with the available data, and the closest index was using
the destination of discharge as done in previous studies
using Nationwide Inpatient Sample data.?®?® Discharge
to home has a high negative predictive value (ability to
exclude) for patients with a modified Rankin Scale score
of 2 to 6 at 3 months. The positive predictive value of dis-
charge to nursing home or skilled nursing facility is high
(ability to include) for patients with a modified Rankin
Scale score of 2 to 6 at 3 months.?' Therefore, dis-
charge destination may allow differentiation of patients
with different functional outcomes with reasonable level
of accuracy. The acute ischemic stroke patients without
COVID-19 in the dataset were those who were screened
for COVID-19 due to either history of exposure or respi-
ratory symptoms. These patients may have clinical pre-
sentation suggestive of respiratory tract infections, which
could mean that they may have other respiratory tract
infections or even a small minority have undetected
COVID-19 depending upon the screening tests under-
taken.®3" Therefore, these patients may not be com-
pletely reflective of acute ischemic stroke patients in the
general population. The high proportion of patients with
a history of cigarette smoking and pneumonia among
acute ischemic stroke patients without COVID-19 is pre-
sumably explained by this bias. Furthermore, the propor-
tion of patients who have COVID-19 among all patients
who were admitted with ischemic stroke during the same
time period cannot be deduced. Since our analysis only
includes patients who were hospitalized, those with tran-
sient ischemic attack and minor ischemic stroke maybe
underrepresented. This underrepresentation is particu-
larly prominent during the COVID-19 pandemic because
patients with mild diseases are avoiding hospitalization
in an effort to reduce exposure.® We estimated the pro-
portion of patients with acute ischemic stroke (using
same ICD-10-CM diagnosis codes or International Clas-
sification of Diseases, Ninth Revision, Clinical Modlification
equivalent) in the CERNER Health Facts database with
similar design to provide data for qualitative comparisons.
Patients with acute ischemic stroke constituted 0.72% of
all hospitalized patients between January 1, 2000, and
July 1, 2018 (All. Qureshi, W. Huang, I. Lobanova, unpub-
lished data, 2020).

Conclusions

Acute ischemic stroke was infrequent in patients with
COVID-19 and usually in the presence of other cardio-
vascular risk factors. The risk of discharge to destina-
tion other than home or death increased 2-fold with the
occurrence of acute ischemic stroke in patients with
COVID-19. Among all acute ischemic stroke patients,
COVID-19 was associated with increased risk of
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discharge to destination other than home or death for
reasons that need to be determined.

ARTICLE INFORMATION

Received July 13, 2020; final revision received December 2, 2020; accepted
December 15, 2020.

Affiliations

Zeenat Qureshi Institute, St Cloud, MN (A.LQ, WH, |.L). Department of Neurology
(ALQ, WH, LL, BRF, CRG.), Institute for Data Science and Informatics (W..B.,
MR, C-R.S), Department of Medicine (D.S.), Department of Internal Medicine
(SH.N.), and Division of Neurosurgery (F.S.), University of Missouri, Columbia. Ti-
ger Institute for Health Innovation, Cerner Corporation, Columbia, MO (D.M.). St.
Cloud Hospital, MN (M.FK.S.).

Acknowledgments

All authors contributed to design, analysis, draft and revision, final approval, and
agreement to be accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the work are appropriately
investigated and resolved.

Sources of Funding

W.I. Baskett had full access to all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis. W.I. Baskett and
Dr Raju are supported by the National Institutes of Health (5T32LM012410).
The content is solely the responsibility of the authors and does not necessarily
represent the official views of the National Institutes of Health.

Disclosures
None.

REFERENCES

1. Merkler AE, Parikh NS, Mir S, Gupta A, Kamel H, Lin E, Lantos J, Schenck
EJ, Goyal P, Bruce SS, et al. Risk of ischemic stroke in patients with coro-
navirus disease 2019 (COVID-19) vs patients with influenza. JAMA Neurol.
2020;77:1366-1372.

2. Smeeth L, Thomas SL, Hall AJ, Hubbard R, Farrington P, Vallance P. Risk of
myocardial infarction and stroke after acute infection or vaccination. N Eng/
J Med. 2004;351:2611-2618. doi: 10.10566/NEJMoa041747

3. Warren-Gash C, Blackburn R, Whitaker H, McMenamin J, Hayward AC.
Laboratory-confirmed respiratory infections as triggers for acute myocar-
dial infarction and stroke: a self-controlled case series analysis of national
linked datasets from Scotland. Eur Respir J. 2018;61:1701794.

4. Qureshi Al, Abd-Allah F, Al-Senani F, Aytac E, Borhani-Haghighi A, Ciccone
A, Gomez CR, Gurkas E, Hsu CY, Jani V, et al. Management of acute ischemic
stroke in patients with COVID-19 infection: report of an international panel.
Int J Stroke. 2020;15:540-554. doi: 10.1177/1747493020923234

5. LiY, Li M, Wang M, Zhou Y, Chang J, Xian Y, Wang D, Mao L, Jin H, Hu B.
Acute cerebrovascular disease following COVID-19: a single center, ret-
rospective, observational study. Stroke Vasc Neurol. 2020;5:279-284. doi:
10.1136/svn-2020-000431

6. CDC Covid- Response Team. Severe outcomes among patients with coro-
navirus disease 2019 (COVID-19) - United States, February 12-March 16,
2020. MMWR Morb Mortal Wkly Rep. 2020;69:343-346.

7. Qin C, Zhou L, Hu Z, Yang S, Zhang S, Chen M, Yu H, Tian DS, Wang
W. Clinical characteristics and outcomes of COVID-19 patients with a
history of stroke in Wuhan, China. Stroke. 2020;561:2219-2223. doi:
10.1161/STROKEAHA.120.030365

8. Mao L, Jin H,Wang M, Hu Y, Chen S, He Q, Chang J, Hong C, Zhou Y, Wang
D, et al. Neurologic Manifestations of hospitalized patients with coronavi-
rus disease 2019 in Wuhan, China. JAMA Neurol. 2020;77:683-690. doi:
10.1001/jamaneurol.2020.1127

9. Lodigiani C, lapichino G, Carenzo L, Cecconi M, Ferrazzi P, Sebastian
T, Kucher N, Studt JD, Sacco C, Bertuzzi A, et al; Humanitas COVID-19
Task Force. Venous and arterial thromboembolic complications in COVID-
19 patients admitted to an academic hospital in Milan, ltaly. Thromb Res.
2020;191:9-14. doi: 10.1016/j.thromres.2020.04.024

10. Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gommers D, Kant KM,
Kaptein FHJ, van Paassen J, Stals MAM, Huisman MV, et al. Confirmation of

Stroke. 2021;52:905-912. DOI: 10.1161/STROKEAHA.120.031786

20.

21.

22.

23.

24,

26.

26.

Acute Ischemic Stroke and Coronavirus Disease 2019

the high cumulative incidence of thrombotic complications in critically ill ICU
patients with COVID-19: an updated analysis. Thromb Res. 2020;191:148—
150. doi: 10.1016/jthromres.2020.04.041

. Helms J, Tacquard C, Severac F, Leonard-Lorant |, Ohana M, Delabranche

X, Merdji H, Clere-Jehl R, Schenck M, Fagot Gandet F et al; CRICS
TRIGGERSEP Group (Clinical Research in Intensive Care and Sepsis
Trial Group for Global Evaluation and Research in Sepsis). High risk of
thrombosis in patients with severe SARS-CoV-2 infection: a multicenter
prospective cohort study. Intensive Care Med. 2020;46:1089-1098. doi:
10.1007/500134-020-06062-x

. Jain R, Young M, Dogra S, Kennedy H, Nguyen V, Jones S, Bilaloglu S,

Hochman K, Raz E, Galetta S, et al. COVID-19 related neuroimaging find-
ings: a signal of thromboembolic complications and a strong prognostic
marker of poor patient outcome. J Neurol Sci. 2020;414:1169283. doi:
10.1016/}jns.2020.116923

. Benussi A, Pilotto A, Premi E, Libri |, Giunta M, Agosti C, Alberici A, Baldelli E,

Benini M, Bonacina S, et al. Clinical characteristics and outcomes of inpatients
with neurologic disease and COVID-19 in Brescia, Lombardy, Italy. Neurol-
ogy. 2020;95:€910-€920. doi: 10.1212/WNL.0000000000009848

. Fara MG, Stein LK, Skliut M, Morgello S, Fifi JT, Dhamoon MS. Macrothrom-

bosis and stroke in patients with mild Covid-19 infection. J Thromb Hae-
most. 2020;18:2031-2033. doi: 10.1111/jth.14938

. Morassi M, Bagatto D, Cobelli M, D'Agostini S, Gigli GL, Bna C, Vogrig

A. Stroke in patients with SARS-CoV-2 infection: case series. J Neurol.
2020;267:2185-2192. doi: 10.1007/s00415-020-09885-2

. Yaghi S, Ishida K, Torres J, Mac Grory B, Raz E, Humbert K, Henninger

N, Trivedi T, Lillemoe K, Alam S, et al. SARS-CoV-2 and stroke in a New
York healthcare system. Stroke. 2020;561:2002-2011. doi: 10.1161/
STROKEAHA.120.030335

. Laird-Maddox M, Mitchell SB, Hoffman M. Integrating research data capture

into the electronic health record workflow: real-world experience to advance
innovation. Perspect Health Inf Manag. 2014;11:1e.

. Cerner Corporation. Cerner Provides Access to De-Identified Patient Data

for COVID-19 Research and Vaccine Development. 2020. Accessed July
13, 2020. https://www.cerner.com/newsroom/cerner-provides-access-
to-de-identified-patient-data-for-covid-19-research-and-vaccine-develop-
ment.

. Qureshi Al, Baskett WI, Huang W, Shyu D, Myers D, Raju M, Lobanova |, Suri

MFK, Naqvi SH, Shyu CR. Facilitating the study of relationships between
COVID-19 and cardiovascular health outcomes using cerner real-world
COVID-19 deidentified dataset. Health Care Res J. 2020;1:17-28.
Qureshi Al, Chaudhry SA, Hassan AE, Zacharatos H, Rodriguez GJ,
Suri MF, Lakshminarayan K, Ezzeddine MA. Thrombolytic treatment of
patients with acute ischemic stroke related to underlying arterial dis-
section in the United States. Arch Neurol. 2011,68:1536-1542. doi:
10.1001/archneurol.2011.213

Qureshi Al, Chaudhry SA, Sapkota BL, Rodriguez GJ, Suri MF. Discharge
destination as a surrogate for Modified Rankin Scale defined outcomes at
3- and 12-months poststroke among stroke survivors. Arch Phys Med Reha-
bil. 2012;93:1408.e1-1413.e1. doi: 10.1016/j.apmr.2012.02.032

Oxley TJ, Mocco J, Majidi S, Kellner CP, Shoirah H, Singh IP, De Leacy RA,
Shigematsu T, Ladner TR, Yaeger KA, et al. Large-vessel stroke as a pre-
senting feature of Covid-19 in the young. N Engl J Med. 2020,;382:e60. doi:
10.1056/NEJMc2009787

Sweid A, Hammoud B, Bekelis K, Missios S, Tjoumakaris Sl, Gooch MR,
Herial NA, Zarzour H, Romo V, DePrince M, et al. Cerebral ischemic and
hemorrhagic complications of coronavirus disease 2019. Int J Stroke.
2020;15:733-742. doi: 10.1177/1747493020937189

Escalard S, Maier B, Redjem H, Delvoye F, Hébert S, Smajda S, Ciccio G,
Desilles JB, Mazighi M, Blanc R, et al. Treatment of acute ischemic stroke
due to large vessel occlusion with COVID-19: experience from paris. Stroke.
2020;51:2540-2543. doi: 10.1161/STROKEAHA.120.030574

Kerleroux B, Fabacher T, Bricout N, Moise M, Testud B, Vingadassalom
S, Ifergan H, Janot K, Consoli A, Ben Hassen W, et al; SFNR, the ETIS
Registry, and the JENI-Research Collaborative. Mechanical Thrombec-
tomy for acute ischemic stroke amid the COVID-19 outbreak: decreased
activity, and increased care delays. Stroke. 2020;561:2012-2017. doi:
10.1161/STROKEAHA.120.030373

Teo KC, Leung WCY, Wong YK, Liu RKC, Chan AHY, Choi OMY, Kwok
WM, Leung KK, Tse MY, Cheung RTF, et al. Delays in stroke onset to
hospital arrival time during COVID-19. Stroke. 2020;561:2228-2231. doi:
10.1161/STROKEAHA.120.030105

March 2021 911

SIINIIDS
NOILYINdOd ONY TYJINITD


https://www.cerner.com/newsroom/cerner-provides-access-to-de-identified-patient-data-for-covid-19-research-and-vaccine-development
https://www.cerner.com/newsroom/cerner-provides-access-to-de-identified-patient-data-for-covid-19-research-and-vaccine-development
https://www.cerner.com/newsroom/cerner-provides-access-to-de-identified-patient-data-for-covid-19-research-and-vaccine-development

CLINICAL AND POPULATION

SCIENCES

Qureshi et al

27.

28.

29.

912

Alhajji M, Kawsara A, Alkhouli M. Validation of acute ischemic stroke codes
using the International Classification of Diseases Tenth Revision. Am J Car-
diol. 2020;125:1135. doi: 10.1016/j.amjcard.2020.01.004

Hassan AE, Chaudhry SA, Grigoryan M, Tekle WG, Qureshi Al
National trends in utilization and outcomes of endovascular treat-
ment of acute ischemic stroke patients in the mechanical thrombec-
tomy era. Stroke. 2012;43:3012-3017. doi: 10.1161/STROKEAHA.
112.658781

Chan JF, Yip CC, To KK, Tang TH, Wong SC, Leung KH, Fung AY, Ng AC,
Zou Z, Tsoi HW, et al. Improved molecular diagnosis of COVID-19 by the
novel, highly sensitive and specific COVID-19-RdRp/Hel real-time reverse

March 2021

30.

31.

32.

Acute Ischemic Stroke and Coronavirus Disease 2019

transcription-PCR assay validated in vitro and with clinical specimens. J Clin
Microbiol. 2020;58:¢00310-e00320.

Konrad R, Eberle U, Dangel A, Treis B, Berger A, Bengs K, Fingerle V, Liebl
B, Ackermann N, Sing A. Rapid establishment of laboratory diagnostics for
the novel coronavirus SARS-CoV-2 in Bavaria, Germany, February 2020.
Euro Surveill. 2020;25:2000173.

Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, Tan W. Detection of SARS-CoV-2
in different types of clinical specimens. JAMA. 2020;323:1843-1844. doi:
10.1001/jama.2020.3786

Sergio A. Castillo-Torres, Géngora-Rivera F. Where are the stroke patients?
The apparent decrease amid the COVID-19 pandemic. J Vasc Interv Neurol.
2020;11:58-59.

Stroke. 2021;52:905-912. DOI: 10.1161/STROKEAHA.120.031786





