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Background: Studies have shown worse outcomes in patients with comorbid ische-
mic stroke (IS) and coronavirus disease 2019 (COVID-19), but have had small sam-
ple sizes. Methods: We retrospectively identified patients in the Vizient Clinical
Data Base� with IS as a discharge diagnosis. The study outcomes were in-hospital
death and favorable discharge (home or acute rehabilitation). In the primary analy-
sis, we compared IS patients with laboratory-confirmed COVID-19 (IS-COVID) dis-
charged April 1-July 31, 2020 to pre-COVID IS patients discharged in 2019 (IS
controls). In a secondary analysis, we compared a matched cohort of IS-COVID
patients to patients within the IS controls who had pneumonia (IS-PNA), created
with inverse-probability-weighting (IPW). Results: In the primary analysis, we
included 166,586 IS controls and 2086 IS-COVID from 312 hospitals in 46 states.
Compared to IS controls, IS-COVID were less likely to have hypertension, dyslipi-
demia, or be smokers, but more likely to be male, younger, have diabetes, obesity,
acute renal failure, acute coronary syndrome, venous thromboembolism, intuba-
tion, and comorbid intracerebral or subarachnoid hemorrhage (all p<0.05). Black
and Hispanic patients accounted for 21.7% and 7.4% of IS controls, respectively, but
33.7% and 18.5% of IS-COVID (p<0.001). IS-COVID, versus IS controls, were less
likely to receive alteplase (1.8% vs 5.6%, p<0.001), mechanical thrombectomy (4.4%
vs. 6.7%, p<0.001), to have favorable discharge (33.9% vs. 66.4%, p<0.001), but
more likely to die (30.4% vs. 6.5%, p<0.001). In the matched cohort of patients with
IS-COVID and IS-PNA, IS-COVID had a higher risk of death (IPW-weighted OR
1.56, 95% CI 1.33-1.82) and lower odds of favorable discharge (IPW-weighted OR
0.63, 95% CI 0.54-0.73). Conclusions: Ischemic stroke patients with COVID-19 are
more likely to be male, younger, and Black or Hispanic, with significant increases
in morbidity and mortality compared to both ischemic stroke controls from 2019
and to patients with ischemic stroke and pneumonia.
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Introduction

Following the rise of coronavirus disease 2019 (COVID-
19) infections, studies have reported a decrease in hospital
encounters for ischemic stroke (IS).1�5 This is contrary to the
expectation that IS hospitalization rates would remain stable
or increase because viral infections are a risk factor for
thromboembolic events.6,7 Preliminary data also suggest
that interventions for IS may have declined. In China, data
from 280 hospitals showed that the number of intravenous
alteplase (tPA) administrations and mechanical thrombecto-
mies (MT) for IS dropped 26.7% and 25.3%, respectively,
during the peak of their COVID-19 outbreak.8

The clinical outcomes of IS patients with COVID-19 are
not fully known, because only small cohorts of patients
with IS and comorbid COVID-19 have been published to
date.9�12 To inform clinical care and public health during
this and future pandemics, it is important to provide reli-
able data on IS patients with comorbid COVID-19 infec-
tion, which cannot be accomplished with small cohorts in
geographically limited samples. Using a dataset of hospi-
tals throughout the United States, our study examines the
clinical characteristics and outcomes of over two thou-
sand IS patients with COVID-19, in comparison to histori-
cal IS controls and patients with IS and pneumonia.
Methods

Population and outcomes

We performed a retrospective analysis using the Vizient
Clinical Data Base� (CDB), a healthcare analytics platform
employed by 568 participating US hospitals for purposes
of benchmarking clinical performance, costs, and out-
comes.13 Requests from qualified researchers trained in
human subject confidentiality protocols to access the data-
set used in this study may be sent to Vizient at vizientsup-
port@vizientinc.com. IRB approval was not required for
this retrospective analysis of deidentified data per the
University of Utah Institutional Review Board Guidelines.
We identified patients with ICD-10 codes for IS (I63 and
H34.1)14 in any position amongst the discharge diagnoses.
We excluded elective hospital admissions and patients on
hospice prior to admission. We identified cases with
comorbid COVID-19 during the same hospitalization
using the ICD code U07.1, which is reserved for labora-
tory testing confirmed cases.15

The primary outcome is in-hospital death and the sec-
ondary outcome is favorable discharge, defined as dis-
charge to home or acute rehabilitation. We compared IS
patients with laboratory-confirmed COVID-19 (IS-
COVID) discharged from April 1�July 31, 2020 to a pre-
COVID control group of IS patients discharged in all
months of 2019 (IS controls). We further stratified patients
by the following hospital characteristics: total volume of
patients with COVID-19, monthly IS volume in 2019, hos-
pital bed size, teaching status, and United States Census
region. We also created a matched cohort of the IS-COVID
patients and patients from IS controls who had pneumo-
nia (IS-PNA) as their principal discharge diagnosis (J09-
99), to model the effect of IS-COVID on our outcomes in
comparison to patients with IS and PNA, which has been
previously shown to have a negative impact on stroke
outcome and mortality.16

Statistical approach

We report descriptive statistics and test for differences
between the cohorts with Student’s t-test for interval vari-
ables and the chi-squared test for binary variables. Due to
data restrictions in the Vizient CDB, the actual patient age
cannot be reported, so we used age categories (<18, 18-50,
51-64, 65-74, 75-79, and �80 years). The race categories
described as White, Black, Asian, and other/unreported
are non-Hispanic.
To create the matched cohort, inverse-probability-

weighting (IPW) was used to balance the distributions of
age, sex, race/ethnicity, and Elixhauser comorbidity
score.17�19 These weights are calculated by calculating the
propensity score with respect to being in a certain expo-
sure group and taking the inverse of those weights. The
IPW weights are applied to both exposed (COVID pres-
ent) and unexposed individuals (PNA present) to create a
pseudopopulation where the two groups have better bal-
ance in their baseline covariate distributions.3,4 Standard-
ized differences in the baseline characteristics after
application of IPW weights were used to assess for proper
balance (Supplemental Table 1), which is defined as a
standardized difference <0.10. Sufficient balance was also
assessed by Rubin’s R and Rubin’s B.20 Values of Rubin’s
R between 0.5-2 and of Rubin’s B below 25.0 are consid-
ered to be balanced.20 For each outcome, we fit an unad-
justed and IPW-weighted model. Outcome estimates
were reported in terms of odds ratios with the IS-COVID
patients considered the exposure group.
In a sensitivity analysis, we repeated our primary anal-

ysis using patients with IS as their primary discharge
diagnosis, which is less sensitive for identifying patients
with comorbid COVID-19, but informative because it
improves the classification of IS and its importance as a
primary case of hospitalization. All analyses were per-
formed using Stata 16.0 (StataCorp, College Park, TX) and
significance was set at p�0.05.

Results

We included 166,586 IS controls and 2,086 IS-COVID
patients from 312 non-federal hospitals in 46 states, with
97 hospitals in the Northeast Census region, 85 in the
Midwest region, 85 in the South region, and 45 in the
West region. There were 98 hospitals with �150 beds, 40
with 151-250 beds, 71 with 251-500 beds, and 103 with
�500 beds; and 256/312 hospitals were designated as
teaching hospitals. In April-July 2020, comorbid COVID-
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19 infection was present in 2,086/43,582 (4.8%) of IS
patients. At these same hospitals, we identified 70,085
patients discharged with confirmed COVID-19, of which
IS was present in 3.0%.
Demographics and outcomes are shown in Table 1. IS-

COVID patients were more likely to be aged <75, obese,
diabetic, and have congestive heart failure, and less likely
to have hypertension, dyslipidemia, or be smokers. In IS
controls, Black and Hispanic patients accounted for 21.7%
and 7.4%, respectively, while in IS-COVID they accounted
for 32.1% and 18.5% respectively (p<0.001). IS-COVID,
versus IS controls, developed more acute complications,
including respiratory failure requiring mechanical ventila-
tion (43.5% vs. 11.8%, p<0.001), acute coronary syndrome
(18.3% vs. 8.5%, p<0.001), pulmonary embolus (7.4% vs.
2.0%, p<0.001), and comorbid intracerebral hemorrhage
(9.6% vs. 6.6%, p<0.001). IS-COVID patients were less
likely to receive tPA (1.8% vs. 5.6%, p<0.001) or mechani-
cal thrombectomy (4.4% vs. 6.7%, p<0.001). The hospital
length of stay was longer for IS-COVID compared to IS
controls (17.7 vs. 7.5 days, p<0.001), as was their intensive
care unit length of stay in patients requiring over 24 hours
in an intensive care unit (15.7 vs. 5.7 days, p<0.001).
IS-COVID patients were more than four times as likely

to die in-hospital compared to IS controls (30.4% vs. 6.5%,
p<0.001) and approximately half as likely to have a favor-
able discharge (33.9% vs. 66.4%, p<0.001). After stratifica-
tion of the hospitals by total volume of patients with
COVID-19, monthly IS volume in 2019, bed size, teaching
status, and Census region, we did not observe heterogene-
ity of these associations with respect to hospital character-
istics (Table 2).
We show the robustness of the matching procedure for IS-

COVID and IS-PNA patients in Fig. 1. We included 2,068
patients with IS-PNA for matching to the 2,086 IS-COVID
patients. Prior to matching, Rubin’s R and Rubin’s B were
1.39 and 70.0, respectively, and after matching they were
within the acceptable ranges with values of 1.05 and 5.5,
confirming a well-matched cohort. We found that IS-COVID
remained associated with higher risk of death and unfavor-
able discharge (Supplemental Table 2). For IS-COVID
patients, compared to IS-PNA patients, the IPW odds ratio
for death was 1.56 (95% CI, 1.33�1.82) and the IPW odds
ratio for favorable discharge was 0.63 (95% CI, 0.54�0.73).
In the sensitivity analysis of patients with IS as the pri-

mary discharge diagnosis, we included 81,735 IS controls
from 2019 and 526 IS-COVID patients. The demographic
and medical complication differences we observed in the
principal analysis were also seen in the sensitivity analysis
(Table 3). The rate of death in the sensitivity analysis
remained higher for IS-COVID compared to IS controls
(13.3% vs. 4.6%, p<0.001), although it approached a three-
fold increase instead of the over fourfold increase in the
primary analysis. In this sensitivity analysis, we did not
see difference in the rate of alteplase (IS-COVID vs. IS con-
trol, 7.0% vs. 7.7%, p=0.778), but observed a higher rate of
mechanical thrombectomy in IS-COVID patients (13.7%
vs. 10.3%, p<0.001).
Discussion

In patients discharged with IS from April 1 to July 31,
2020, comorbid COVID-19 infection was relatively com-
mon, comprising 4.8% of all discharges. Amongst all
patients discharged with COVID-19, IS was observed in
3.0%. A disproportionate burden of stroke with COVID-
19 is borne by Black and Hispanic patients. According to
the Centers for Disease Control (CDC) Black and Hispanic
patients have had higher rates of COVID-19 and hospitali-
zation for COVID-19 than whites,21 consistent with our
findings. The impact of the increase in absolute number of
minority patients with ischemic stroke and COVID-19 is
more cumulative morbidity and mortality, exacerbating
pre-existing racial and ethnic healthcare disparities.22

IS-COVID patients were younger than historical IS con-
trols, consistent with prior reports.9,23 The reasons for this
finding remain unknown. Despite fewer traditional car-
diovascular risk factors such as smoking, hypertension,
and dyslipidemia, IS-COVID patients were more likely to
be obese or diabetic. The CDC has identified both as risk
factors for severe illness from COVID-19 and we confirm
them as risk factors for cerebrovascular disease in
COVID-19.24 It remains unclear if the increased the risk of
IS in COVID-19 patients with obesity and diabetes is due
to those risk factors predisposing to more severe COVID-
19 infection or if the risk factors exert independent or syn-
ergistic pro-thrombotic effects in COVID-19.
Compared to historical IS controls, IS-COVID patients

had over a fourfold increase in mortality and were approxi-
mately half as likely to have a favorable discharge. This find-
ing is not surprising since we also found that IS-COVID
patients had dramatically higher rates of systemic complica-
tions, such as acute respiratory failure requiring intubation,
acute renal failure, comorbid intracerebral hemorrhage, cere-
bral venous sinus or deep vein thrombosis, and pulmonary
emboli, which likely contributed to increased morbidity and
mortality, as did other factors we were not able to capture
including degrees of pulmonary morbidity, co-infections,
and multiorgan failure.10,11,25 However, in the cohort of
matched IS-COVID and IS-PNA patients, the IS-COVID
patients still had worse outcomes and were less likely to
have favorable discharge.
Because COVID-19 is thought to be pro-thrombotic26 and

could theoretically increase the incidence or severity of
IS,9,27 the decrease in mechanical thrombectomy and alte-
plase in IS patients with COVID-19 was surprising. How-
ever, in our sensitivity analysis of patients who had IS as
their primary discharge diagnosis, we saw an increase in the
rate of mechanical thrombectomy. These divergent findings
suggest that a subset of IS patients with COVID-19 may be
particularly susceptible to large vessel occlusive stroke, as
prior reports have suggested.23 Regardless, why IS-COVID



Table 1. Baseline demographics and outcomes in patients discharged with ischemic stroke.

Variable IS Controls

(2019)

(n=166,586)

IS-COVID

(April-July 2020)

(n=2,086)

p value

Age category <0.001

<18 [n (%)] 643 (0.4) suppressed*

18-50 18,926 (11.4) 242 (11.6)

51-64 42,904 (25.8) 608 (29.2)

65-74 41,248 (24.8) 604 (29.0)

75-79 19,616 (11.8) 229 (11.0)

�80 43,249 (26.0) 400 (19.2)

Age <75 103,721 (62.3) 1457 (69.9) <0.001

Male sex 84,963 (51.0) 1209 (58.0) <0.001

Race/Ethnicity* <0.001

White 103,376 (62.1) 703 (33.7)

Black 36,167 (21.7) 669 (32.1)

Hispanic 12,392 (7.4) 385 (18.5)

Asian 4660 (2.8) 94 (4.5)

Other/Unknown 9991 (6.0) 235 (11.3)

Elixhauser comorbidity score

Median, IQR 3, 2�5 4, 3�6 <0.001

Mean§SD 3.4 § 2.0 4.3 § 2.1 <0.001

Congestive heart failure 38,979 (23.4) 530 (25.4) 0.031

Obese 27,991 (16.8) 517 (24.8) <0.001

Smoker 26,037 (15.6) 112 (5.4) <0.001

Atrial fibrillation 45,810 (27.5) 569 (27.3) 0.821

Hypertension 121,762 (73.1) 1402 (67.2) <0.001

Diabetes 66,408 (39.9) 1147 (55.0) <0.001

Dyslipidemia 102,137 (61.3) 1156 (55.4) <0.001

Interfacility transfer 43,022 (25.8) 586 (28.1) 0.019

Seen in emergency department (n=166,134) 133,073 (81.1) 1539 (78.0) <0.001

Intubated 19,703 (11.8) 284 (43.5) <0.001

Acute coronary syndrome 14,142 (8.5) 382 (18.3) <0.001

Percutaneous coronary intervention 754 (0.5) suppressed* 0.149

Intracerebral hemorrhage 11,069 (6.6) 200 (9.6) <0.001

Subarachnoid hemorrhage 3344 (2.0) 58 (2.8) 0.013

Acute renal failure 34,026 (20.4) 1102 (52.8) <0.001

Pulmonary embolus 3276 (2.0) 154 (7.4) <0.001

Cerebral venous sinus or deep vein thrombosis 890 (0.5) 23 (1.1) <0.001

Length of hospital stay [days, mean§SD] 7.5 § 12.2 17.7 § 17.5 <0.001

Length of intensive care unit stay [days, mean§SD]* 5.7 § 9.8 15.7 § 15.3 <0.001

Mechanical thrombectomy 11,202 (6.7) 92 (4.4) <0.001

Treated with alteplase 9304 (5.6) 38 (1.8) <0.001

Favorable discharge 110,546 (66.4) 707 (33.9) <0.001

In-hospital death 10,865 (6.5) 634 (30.4) <0.001

*Binary variables presented as n, %; ordinal variables as median, IQR; interval variables as mean (SD). P values calculated with
the chi-squared test for binary variables, the Wilcoxon ranksum test for ordinal variables, and Student’s t-test for interval vari-
ables. Length of intensive care unit stay restricted to patients with >24 hours spent in intensive care. White, Black, Asian and
other/unreported race/ethnicity categories are non-Hispanic. Some cells suppressed for counts <10, in compliance with
Vizient regulations.
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patients with IS in any discharge position (our primary anal-
ysis) received less mechanical thrombectomy is not clear. It
could be that COVID-19 patients who have stroke in any
discharge position generally present with respiratory symp-
toms which couldmask stroke symptoms, slow patient eval-
uation, and result in delayed diagnosis, pushing patients
beyond the time window for efficacious interventions.28,29
Providers may also have felt that alteplase for IS was contra-
indicated given the possibility of an infectious stroke mecha-
nism or patients with COVID-19 were anticoagulated at the
time of their stroke, which is a firm contraindication for alte-
plase.29,30 In addition, we observed that more IS-COVID
patients were intubated, had acute renal failure, acute coro-
nary syndrome, and pulmonary emboli, introducing the



Table 2. Primary and secondary outcomes of IS-COVID patients in stratifications based off hospital characteristics.

Hospital Stratification In-hospital Death

n (%)

p value Favorable Discharge

n (%)

p value

Total COVID-19 discharges 0.703 0.979

<50 243 (31.3) 265 (34.2)

50-300 192 (29.3) 222 (33.8)

�300 199 (30.4) 220 (33.6)

Monthly stroke count in 2019 0.105 0.716

<30 190 (27.5) 190 (27.5)

30-60 280 (32.4) 280 (32.4)

�60 164 (30.8) 164 (30.8)

Hospital bed size 0.858

�250 141 (27.7) 0.292 178 (34.9)

251-499 122 (31.8) 129 (33.6)

�500 371 (31.3) 400 (33.6)

Hospital type 0.581

Teaching 604 (30.6) 0.361 666 (33.8)

Non-teaching 30 (26.6) 41 (36.3)

Census region 0.117

Northeast 343 (32.0) 0.280 349 (32.5)

Midwest 130 (30.1) 140 (32.4)

South 118 (26.9) 170 (38.7)

West 43 (30.3) 48 (33.8)
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possibility that they were too medically unstable for acute
stroke intervention.
Our study has several important limitations, including

that the Vizient CDB is not designed to be fully representa-
tive of inpatient discharges in the United States and that case
identification with administrative and billing codes has bias.
However, the data sampling methods, hospitals included,
and data extraction were consistent across the time points,
lending it validity. We cannot fully capture the nuances of
COVID-19 infection severity or stroke severity in patients,
which limits our ability to make definitive associations. We
do not know when stroke happened during the hospital
Fig. 1. Bias reduction in our matched cohor
admission, which prevents us from knowing if stroke was
the reason for hospital admission or happened later during
an admission for COVID-19. Finally, patients under investi-
gation may have had COVID-19, but were not documented
as such. Longitudinal data should be evaluated over subse-
quent time frames to confirm these findings.
Conclusion

In April-July 2020, COVID-19 comorbidity was relatively
common in patients discharged with ischemic stroke, par-
ticularly in Black and Hispanic patients. Ischemic stroke
t of IS-COVID and IS-PNA patients.



Table 3. Baseline demographics and outcomes of patients with ischemic stroke as the primary discharge diagnosis.

Variable IS Controls

(2019)

(n=81,735)

IS-COVID

(April-July 2020)

(n=526)

p value

Age category <0.001

<18 [n (%)] 140 (0.2) 0

18�50 8669 (10.6) 88 (16.7)

51�64 21,391 (26.2) 163 (31.0)

65�74 20,128 (24.6) 119 (22.6)

75�79 9553 (11.7) 59 (11.2)

�80 21,854 (26.7) 97 (18.4)

Age <75 50,328 (61.6) 370 (70.3) <0.001

Male sex 41,944 (51.3) 295 (56.1) 0.034

Race/Ethnicity* <0.001

White 49,054 (60.0) 193 (36.7)

Black 19,331 (23.7) 172 (32.7)

Hispanic 5489 (6.7) 99 (18.8)

Asian 2541 (3.1) 17 (3.2)

Other/Unknown 5320 (6.5) 45 (8.6)

Elixhauser score

Median, IQR 3, 2�4 3, 2�5 <0.001

Mean§SD 3.3 § 1.8 4.3 § 2.1 <0.001

Congestive heart failure 16,617 (20.3) 130 (24.7) 0.013

Obese 13,750 (16.8) 96 (18.3) 0.383

Smoker 13,150 (16.1) 33 (6.3) <0.001

Atrial fibrillation 22,271 (27.3) 128 (24.3) 0.135

Hypertension 61,744 (75.5) 396 (75.3) 0.891

Diabetes 32,722 (40.0) 284 (54.0) <0.001

Dyslipidemia 52,418 (64.1) 313 (59.5) 0.027

Interfacility transfer 22,196 (27.2) 163 (31.0) 0.049

Seen in emergency department (n=81,317) 65,888 (81.5) 413 (82.1) 0.740

Intubated 6312 (7.7) 93 (17.7) <0.001

Acute coronary syndrome 4681 (5.7) 51 (9.7) <0.001

Percutaneous coronary intervention 63 (0.1) 0 0.524

Intracerebral hemorrhage 6127 (7.5) 62 (11.8) <0.001

Subarachnoid hemorrhage 1264 (1.6) 12 (2.3) 0.174

Acute renal failure 12,420 (15.2) 128 (24.3) <0.001

Pulmonary embolus 1066 (1.3) 22 (4.2) <0.001

Cerebral venous sinus or deep vein thrombosis 287 (0.4) suppressed* 0.021

Length of hospital stay [days, mean§SD] 6.1 § 8.3 9.3 § 10.9 <0.001

Length of intensive care unit stay [days, mean§SD]* 3.8 § 5.3 5.4 § 7.1 <0.001

Mechanical thrombectomy 8420 (10.3) 72 (13.7) 0.011

Treated with alteplase 6013 (7.4) 37 (7.0) 0.778

Favorable discharge 57,011 (69.8) 277 (52.7) <0.001

In-hospital death 3769 (4.6) 70 (13.3) <0.001

*Binary variables presented as n, %; ordinal variables as median, IQR; interval variables as mean (SD). P values calculated with
the chi-squared test for binary variables, the Wilcoxon ranksum test for ordinal variables, and Student’s t-test for interval vari-
ables. Length of intensive care unit stay restricted to patients with >24 h spent in intensive care. White, Black, Asian and
other/unreported race/ethnicity categories are non-Hispanic. Some cells suppressed for counts <10, in compliance with
Vizient regulations.
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patients with comorbid COVID-19 had worse clinical out-
comes than expected and worse outcomes than patients
with ischemic stroke and pneumonia. This warrants addi-
tional study to determine if there are potential interven-
tions to improve outcomes for these high-risk patients and
to further address the disproportionate burden borne by
minority patients.
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