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Abstract
Introduction: COVID-19 was found to be associated with an 
increased risk of stroke. This study aimed to compare char-
acteristics, management, and outcomes of hospitalized 
stroke patients with or without a hospital diagnosis of CO-
VID-19 at a nationwide scale. Methods: This is a cross-sec-
tional study on all French hospitals covering the entire 
French population using the French national hospital dis-
charge databases (Programme de Médicalisation des Sys-
tèmes d’Information, included in the Système National des 
Données de Santé). All patients hospitalized for stroke be-
tween 1 January and 14 June 2020 in France were selected. 
A diagnosis of COVID-19 was searched for during the index 
hospitalization for stroke or in a prior hospitalization that 
had occurred after 1 January 2020. Results: Among the 
56,195 patients hospitalized for stroke, 800 (1.4%) had a con-
comitant COVID-19 diagnosis. Inhospital case-fatality rates 
were higher in stroke patients with COVID-19, particularly for 
patients with a primary diagnosis of COVID-19 (33.2%), as 

compared to patients hospitalized for stroke without CO-
VID-19 diagnosis (14.1%). Similar findings were observed for 
3-month case-fatality rates adjusted for age and sex that 
reached 41.7% in patients hospitalized for stroke with a con-
comitant primary diagnosis of COVID-19 versus 20.0% in 
strokes without COVID-19. Conclusion: Patients hospitalized 
for stroke with a concomitant COVID-19 diagnosis had a 
higher inhospital and 3 months case-fatality rates compared 
to patients hospitalized for stroke without a COVID-19 diag-
nosis. Further research is needed to better understand the 
excess of mortality related to these cases.

© 2021 S. Karger AG, Basel

Introduction

As other respiratory tract infections, severe acute re-
spiratory syndrome-coronavirus-2 (SARS-CoV-2) infec-
tion is associated with a higher risk of stroke, particularly 
ischemic stroke [1]. Several studies described stroke pa-
tients infected with SARS-CoV-2 [1–3]. However, very 
few data on large population size were published and 
none on an exhaustive national population at the excep-
tion of Germany [4]. Furthermore, previous studies 
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mainly compared characteristics and outcomes of CO-
VID-19 patients developing stroke to COVID-19 patients 
free of stroke [1]. The aim of this cross-sectional nation-
wide study was to describe characteristics, acute care 
management, and outcomes for patients hospitalized for 
stroke with a diagnosis of COVID-19 in comparison to 
patients hospitalized for stroke without simultaneous 
COVID-19 diagnosis.

Methods

Population Selection
Patients hospitalized for stroke in the whole French territory 

between the 1 January 2020 and 14 June 2020 were selected using 
the French national hospital discharge databases (Programme de 
Médicalisation des Systèmes d’Information, included in the Système 
National des Données de Santé) which exhaustively registered all 
hospital stays from both private and public sectors in France. 
Stroke was defined using the codes of international classification 
of diseases – 10th revision (ICD-10) I60–I64, considered as the 
main diagnosis of the entire hospital stay or for one of the medical 
units where the patient stayed. Hospital diagnosis of COVID-19 
was based on the identification of SARS-CoV-2 through a biolog-
ic test (PCR, antigen, or serologic), or based on a CT scan. The first 
cases of COVID-19 imported in France were confirmed on 24 Jan-
uary 2020 [5]. As COVID-19 incidence started to increase expo-
nentially in February [5], only few cases of COVID-19 would be 
observed among patients hospitalized for stroke in January and 
February.

Among hospitalized stroke patients with a COVID-19 diagno-
sis, 3 groups were distinguished according to the position of the 
COVID-19 diagnosis: reported in a prior hospitalization before 
the index hospitalization for stroke (group A), registered as the 
main diagnosis of the entire hospital stay for stroke or one of the 
medical units where the patient stayed (group B), and registered as 
an associated diagnosis of the index hospitalization for stroke 
(group C). For patients of the group A, infection to SARS-CoV-2 
preceded the stroke, whereas no temporal assertion between stroke 
and COVID-19 could be made for patients from groups B or C. 
Finally, the distinction between groups B and C allowed to clarify 
the intensity of COVID-19. Indeed, COVID-19 motivated the hos-
pitalization or required acute specific care for the group B, con-
trary to the group C for which COVID-19 was registered as an as-
sociated diagnosis only. Furthermore, a COVID-19 code recorded 
as a main diagnosis meant higher severity related to COVID-19 
than a COVID-19 code registered as an associated diagnosis. Fi-
nally, we compared overall patients hospitalized for stroke with a 
COVID-19 diagnosis (groups A, B, and C altogether) to those 
without COVID-19.

Data Collected
Age, sex, type of stroke (ischemic [ICD-10 codes I63 and I64], 

undetermined stroke was ischemic strokes from undetermined eti-
ology), hemorrhagic (including subarachnoid hemorrhage [ICD-
10 codes I60], intracerebral hemorrhage [ICD-10 codes I61], and 
other or unprecised hemorrhage [ICD-10 codes I62], and patients 
with both ischemic and hemorrhagic stroke which included hem-

orrhagic transformation of ischemic strokes), a history (hospital-
ization or long-term disease status for a disease that entitles 100% 
reimbursement for all healthcare expenditures related to that par-
ticular disease) of several cardiovascular diseases recorded in the 5 
previous years, and drug treatments with at least 3 deliveries in the 
12 months preceding the index hospitalization for stroke were re-
corded. Inhospital mortality was recorded for all patients. Mortal-
ity at 3 months after admission to hospital for stroke was recorded 
for patients without error linkage between the hospital discharge 
databases and the databases including vital status (N = 54,534), and 
affiliated to the general insurance scheme (N = 40,988), that is, 
75.2% of patients hospitalized for stroke in our study. An addi-
tional 10 patients were excluded due to wrong date of death leading 
to a population of 40,978 patients for whom mortality at 3 months 
after the admission at hospital for stroke was available.

Statistical Analysis
Characteristics of patients hospitalized for stroke were com-

pared between those with a COVID-19 diagnosis and those with-
out a COVID-19 diagnosis using the χ2 test and Fisher’s test when 
necessary for categorical variables, and using the Wilcoxon-Mann-
Whitney test for quantitative variables. Means and standard de-
viation were calculated for each quantitative characteristic. Analy-
ses by specific type of stroke, that is, ischemic and hemorrhagic, 
were conducted and presented in online suppl. material; see www.
karger.com/doi/10.1159/000516670 for all online suppl. material,  
for patients characteristics and resumed in Table 2 for outcomes. 
Analyses were performed using SAS Enterprise Guide 7.1.

Data Availability
Full access to the Programme de Médicalisation des Systèmes 

d’Information and the Système National des Données de Santé is 
granted to Santé Publique France by decree.

Results

Of the 56,195 patients hospitalized for stroke in France 
between January and the middle of June 2020, 800 pa-
tients (1.4%) had a diagnosis of COVID-19 reported on 
their hospital medical file, including 157 patients having 
a COVID-19 diagnosis already mentioned in a prior hos-
pitalization (group A), 211 patients with a primary diag-
nosis of COVID-19 (group B), and 432 patients with CO-
VID-19 recorded as an associated diagnosis only (group 
C). The median delay between a prior hospitalization 
with a COVID-19 diagnosis and the hospitalization for 
stroke (group A only) was 19 days (IQR: 6.5–39.5). Simi-
lar proportions of COVID-19 diagnosis were found 
among ischemic (1.4%) and hemorrhagic (1.5%) strokes 
(see online suppl. Tables 1, 2). The diagnosis of CO-
VID-19 was based on a biologic test in 68.0% of cases ver-
sus on a CT scan in 32.0% of stroke cases (Table 1).

Stroke patients with COVID-19 had a similar age and 
proportion of women as compared to stroke patients 
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without COVID-19 (Table 1), and whatever the type of 
stroke (see online suppl. Tables 1, 2). However, ischemic 
strokes with a COVID-19 diagnosis receiving mechanical 
thrombectomy (MT) were younger than those receiving 
MT without a COVID-19 diagnosis (66.9 [n = 55] vs. 70.9 
[n = 2,036], p = 0.04, data not shown) and were more fre-
quently men (66 vs. 48%, p = 0.02, data not shown). Pa-
tients with a COVID-19 diagnosis recorded on a prior 
hospitalization (group A) had different characteristics 
than stroke patients without COVID-19, with a higher 
number of comorbidities (4 ≤ Charlson index score for 
57.3 vs. 29.0% and Charlson index score of 0–1 for 14.7 
vs. 30.7%, p < 0.01) (Table 1). This observation was found 
among both ischemic and hemorrhagic strokes (see on-
line suppl. Tables 1, 2 respectively).

Patients hospitalized for stroke with COVID-19 were 
more severe cases than patients hospitalized for stroke 
without COVID-19 as shown by a higher proportion of 
MT (10.1 and 11.9% for groups B and C, respectively vs. 
6.3% in non-COVID-19), and a higher inhospital case-
fatality rate (23.0, 33.2, and 25.7% for groups A, B, and C, 
respectively vs. 14.1% in non-COVID-19) (Table  2). 
Three months case-fatality remained higher in groups A 
(30.3%), B (41.7%), or C (37.1%) as compared to patients 
hospitalized for stroke without COVID-19 (20.0%), and 
in both ischemic and hemorrhagic strokes (Table 2).

Discussion

This study was one of the largest reporting inhospital 
outcomes of patients hospitalized for stroke with a prior 
or concomitant COVID-19 diagnosis at a nationwide 
scale. These patients seemed to have more severe strokes 
as compared to patients without a COVID-19 diagnosis 
regarding inhospital and 3-month case-fatality rates. 
Nevertheless, differences in the level of comorbidities, the 
mean length of stay, admission to resuscitation units, MT, 
and even inhospital mortality were observed according to 
the position of the COVID-19 diagnosis that reflected dif-
ferent intensity of COVID-19 disease.

The greater severity reflected by higher case-fatality 
rates is consistent with a meta-analysis which showed a 
higher NIHSS score in stroke patients with COVID-19 
than in those without COVID-19, and higher inhospital 
case-fatality in presence of SARS-CoV-2 infection [6]. 
Furthermore, acute ischemic strokes due to large vessel 
occlusion were more common in COVID-19 stroke pa-
tients enrolled in this meta-analysis which is in line with 
the twice higher rate of MT in patients hospitalized for 

stroke with COVID-19 than those without COVID-19 in 
our study.

In our study, only stroke patients with COVID-19 
registered before stroke (group A) had much higher 
prevalence of comorbidities (cardiovascular and non-
cardiovascular) as compared to stroke cases without CO-
VID-19. This finding supports the hypothesis of a higher 
risk of developing severe COVID-19 in populations with 
greater proportion of comorbidities [7]. We observed 
twice higher inhospital and 3-month mortality in pa-
tients hospitalized for stroke with a primary diagnosis of 
COVID-19 (group B). This result might highlight the 
difficulty to manage patients with both acute stroke and 
severe COVID-19 in terms of care pathway organization 
including prehospital management, emergency depart-
ment regulation, interhospital transfers, and endovascu-
lar procedures as found in previous studies [8, 9] from 
France [10], the stroke care network of Madrid [11], in 
Germany [4], in Lombardy and Italy [12]. These difficul-
ties led to the publication of a guidance statement based 
on shared best practices in May 2020 [13]. Patients hos-
pitalized for stroke with an associated diagnosis of CO-
VID-19 (group C) had also a higher inhospital case-fa-
tality rate than patients hospitalized for stroke without 
COVID-19, although they had lower inhospital case-fa-
tality rates than patients hospitalized for stroke with a 
primary diagnosis of COVID-19 (group B). This suggest-
ed the higher severity of COVID-19-associated stroke 
found in previous studies [2, 14, 15]. However, we lacked 
clinical data to assess properly stroke severity. According 
to a review, COVID-19-related stroke patients showed 
higher prevalence of large vessel occlusion infarction and 
higher prevalence of atypical location of intracerebral 
hemorrhage [16].

No significant difference in the mean age or sex distri-
bution between patients hospitalized for stroke with a 
COVID-19 diagnosis and those without a COVID-19 di-
agnosis was found in our study. Our results differed from 
the meta-analysis of 11 previous studies which showed 
that stroke patients with COVID-19 were significantly 
younger and were less likely to be women as compared to 
other stroke patients [1]. This meta-analysis reported no 
significant difference in hypertension, diabetes, dyslipid-
emia, or atrial fibrillation. To the opposite, we found dif-
ferent prevalence of these conditions in our study. Nev-
ertheless, we approached vascular risk factors using ded-
icated medication use in the year preceding the index 
hospitalization for stroke, which could explain the dis-
crepancies with the findings of Nannoni et al. [1].
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Strength and Limitations
This study reported characteristics of stroke patients 

with prior or effective SARS-CoV-2 infection in one of 
the largest population sizes ever described. Although 
comparisons of characteristics between hospitalized 
stroke patients with COVID-19 and those without CO-
VID-19 were described, interpretation of the results is 
limited regarding the unknown temporality of stroke and 
SARS-CoV-2 infection. Causality between SARS-CoV-2 
infection and severity of stroke cannot be indeed con-
cluded with our study design and our data, as we had ac-
cess to hospitalization data only and not out of hospital 
COVID-19 diagnosis. Furthermore, a bias of classifica-
tion might exist in our study regarding the COVID-19 
diagnosis: we cannot exclude that some COVID-19 pa-
tients could remain in the non-COVID-19 group due to 
neither a biological test nor a chest-CT performed. This 
limitation could particularly impact the first weeks of the 
pandemic where a biological test had not already been 
widely used. In our study, most of COVID-19 diagnosis 
among stroke cases were based on a biologic test. Accord-
ing to a recent study by the stroke care network from Ma-
drid, stroke patients with a diagnosis of COVID-19 con-
firmed by a biologic test had similar profile and outcomes 
than stroke patients diagnosed with a COVID-19 through 
a chest CT [11].

Associations between patients’ characteristics and 
outcomes were not studied as some confounding factors 
were not exhaustively available, such as obesity, a known 
factor associated with increased severity in patients with 
COVID-19 [17]. Regarding stroke management, intrave-
nous thrombolysis could not be exhaustively reported 
and was therefore not studied. No data about time to 
groin, other procedural data, or clinical characteristics 
such as the NIHSS score were available in French nation-
al hospital discharge databases. However, other comor-
bidities could be exhaustively recorded including diabe-
tes and hypertension when treated. Finally, we were not 
able to identify the mechanism leading to ischemic stroke 
with the data use for this study, limiting the characteriza-
tion of strokes with a concomitant COVID-19 diagnosis, 
or the mechanism leading to death limiting the interpre-
tation of associated mortality.

Conclusions

Very poor outcomes were observed in patients hospi-
talized for stroke with a COVID-19 diagnosis as com-
pared to patients hospitalized for stroke without CO-

VID-19. Further researches are needed to understand the 
pathophysiology of COVID-19-associated stroke in or-
der to adjust acute care management.
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