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Abstract

Introduction: Acute ischemic stroke (AlS) and thrombotic
events (TEs) were reported in patients with COVID-19. Clini-
cal outcome of AlS in the course of COVID-19 remains un-
known. We compared early clinical outcome and mortality
of COVID-positive (+) patients admitted for AlS with COVID-
negative () ones. We hypothesized that COVID+ patients
would have poorer clinical outcomes and present a higher
rate of TEs and mortality compared with COVID—ones. Meth-
ods: In this multicentric observational retrospective study,
we enrolled patients over 18 years old admitted for AlS in 3
stroke units of the Parisian region during lockdown from
March 17, 2020, to May 2, 2020. COVID-19 status as well as
demographic, clinical, biological, and imaging data was col-
lected retrospectively from medical records. Poor outcome
was defined as modified Rankin score (mRS) 3-6 (3-6) at dis-
charge. We also compared TE frequency and mortality rate
through a composite criterion in both groups. Results: Two
hundred and sixteen patients were enrolled; mean age was
68 years old, and 63% were male. Forty patients were CO-

VID+ (18.5%) and 176 were COVID—. Obesity was statistically
more frequentin the COVID+group (36 vs. 13%p < 0.01). The
percentage of patients with mRS (3-6) at discharge was
higher in the COVID+ group compared with the COVID—
group (60 vs. 41%, p = 0.034). The main predictor of present-
ing a mRS (3-6) at discharge was high NIHSS score at admis-
sion (OR, C1 95%: 1.325, 1.22-1.43). Mortality rate was higher
in the COVID+ group (12 vs. 3.4%, p = 0.033) as well as TE
frequency (15 vs. 2.8%, p < 0.01). Conclusion: In this study,
patients with AlS infected by SARS-CoV-2 showed a poorer
early outcome than COVID- ones. However, when com-
pared to other factors, COVID-19 was not a significant pre-
dictor of poor outcome. Vascular morbidity and mortality
rates were significantly higher in the COVID+ group com-
pared with the COVID- group. ©2021 5. Karger AG, Basel

Introduction

Acute ischemic strokes (AISs) were reported during
the course of COVID-19, representing sometimes the ini-
tial clinical manifestation of the disease [1]. In those re-
ports, prevalence of AIS during COVID-19 varies be-
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tween 1.6 and 6.3% [1-3], and it represents 23.4% of neu-
rological manifestations of the disease [4]. Case reports
suggested that COVID-19 can affect younger patients
than usual AIS population [3, 5]. Results of an American
cohort study showed that AIS patients infected by SARS-
CoV-2 had higher National Institute Health Stroke Scale
(NTHSS) scores and D-dimer levels at admission com-
pared with non-infected ones [6].

There is significant evidence that in addition to the re-
spiratory burden, COVID-19 is associated with an unex-
pected rate of thrombotic events (TEs) varying from 7.7%
in in-hospital patients to 31% in critically ill patients (7).
Venous TEs were the most frequent thrombotic compli-
cations leaded by pulmonary embolism (up to 81%) [7].
This coagulopathy may represent a severity marker of the
disease as it was more frequently observed in non-survi-
vor COVID-19 patients (50 vs. 7%) [8].

To date, no study evaluated the prognosis of AIS pa-
tients infected by SARS-CoV-2. In this context, we aimed
to compare the clinical prognosis of COVID-positive
(COVID+) patients with COVID-negative (COVID-)
ones in a population of AIS patients admitted in 3 stroke
units of the Parisian region during the French lockdown.
We also compared the occurrence of TE and mortality in
both populations.

Methods

Study Design and Patients

We conducted a multicentric retrospective study in 3 stroke
units of the Parisian region (Delafontaine Hospital, Adolphe de
Rothschild Foundation Hospital, and Sainte Anne Hospital) dur-
ing lockdown. We enrolled all patients over 18 years admitted for
AIS in these hospitals from March 17, 2020, where French lock-
down was declared, to May 2, 2020.

Thoracic CT scan and nasal SARS-CoV-2 PCR were performed
in routine care, at the discretion of referral clinicians. Patients were
considered as infected by SARS-CoV-2 (COVID+) if either nasal
SARS-CoV-2 PCRwas positive or COVID-19 aspect was described
on thoracic CT scan. To exclude potential nosocomial COVID-19,
patients presenting with symptoms and for whom diagnosis was
made 48 h or more after admission were excluded from the analy-
sis, following the definition of nosocomial infection. Patients were
considered as COVID- if they had no COVID-19 evidence on tho-
racic CT-scan and/or negative SARS-CoV-2 PCR. When SARS-
CoV-2 PCR and thoracic CT scan were not performed, patients
were considered COVID-.

Data Collection

Demographic and clinical data at admission were collected ret-
rospectively from medical records in the 3 stroke units by vascular
neurologists. In accordance with French legislation, each patient
was informed of his/her participation in this study and was offered
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the possibility to withdraw. The study was compliant to the Com-
mission Nationale de I'Informatique et des Libertés (CNIL, refer-
ence number 2217894 v0) and to the Ethics Committee require-
ments (reference number 20.05.05.49236).

Following laboratory results were collected at admission: leu-
kocyte count, platelet count, C-reactive protein (CRP) level,
prothrombin time, and activated thromboplastin time. Stroke
severity at admission was assessed prospectively by using the
NIHSS [9]. Stroke subtype was classified based on the Trial of
ORG 10172 in Acute Stroke Treatment (TOAST) classification
[10]. Stroke territory and revascularization procedures were
gathered. The modified Rankin score (mRS) [11] at discharge
(or last 1 available when patient still in charge) as well as in-
hospital TE and death was also collected. All clinical scores gath-
ered were prospectively assessed by referral clinicians in routine
clinical practice.

Study Outcomes

The primary outcome of this study was poor outcome at dis-
charge, defined as mRS (3-6). Secondary outcome was defined as
a composite criterion including in-hospital TE and death. TEs
were defined as deep vein thrombosis, pulmonary embolism, myo-
cardial infarction, and peripheral artery occlusion.

Statistical Analysis

Statistical analysis was performed with R software. Differences
between COVID+ and COVID- population for covariates and
clinical outcome were assessed using x> analysis, ¢ test, or non-
parametric test according to distribution. In addition, multivariate
analysis (mixed model) was performed to evaluate the covariate
weight of AIS severity status including COVID status, age, diabe-
tes, and initial NIHSS score.

Results

Baseline Characteristics

Two hundred twenty patients were admitted for AIS
in one of the 3 stroke units between March 17 and May
2, 2020. Three were excluded for missing key data in
medical records. One was excluded because COVID-19
diagnosis was made >1 week after admission making
COVID-19 status unclear. Two hundred and sixteen pa-
tients were included in the study (Table 1). Forty patients
were diagnosed with COVID-19 (18.5%), 26 had positive
SARS-CoV-2 PCR; thoracic CT scan was performed in
35 patients and showed COVID evidence in 32 (80%)
patients. One hundred seventy-six patients were consid-
ered as COVID-. In the COVID- group, SARS-CoV-2
PCR was performed in 38 patients (21.5%) and was neg-
ative in all of them. Thoracic CT scan was performed in
49 (28%) cases and showed no evidence of COVID-19 in
all cases.

Baseline characteristics are summarized in Table 1.
Mean age did not differ significantly between the 2 groups
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Fig. 1. Distribution of mRS at discharge in %
both groups. mRS, modified Rankin Score;
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COVID-positive.

Table 1. Baseline characteristics of patients

COVID- COVID+ p value Test
(n=176) (n = 40)
Sex, men, 1 (%) 111 (63) 25 (62) 0.95 X
Age, mean (SD) 68.1 (£14.4) 64.8 (£13.5) 0.17 Welch
Medical history, n (%)
Diabetes mellitus 42 (24) 12 (30) 0.42 X
Hyperlipidemia 57 (32) 14 (35) 0.75 X
Atrial fibrillation 23 (13) 6 (15) 0.75 X2
Hypertension 101 (58) 22 (58) 0.98 X
Obesity 17 (13) 9 (36) <0.01 Fischer
History of TE 24 (14) 6 (15) 0.82 X
History of stroke or TIA 31 (18) 8 (20) 0.72 X
Treatment at admission, n (%)
Antiplatelet therapy 60 (34) 11 (28) 0.42 X
Anticoagulant 17 (9.7) 6 (15) 0.39 Fischer
ARA-2 42 (24) 4 (10) 0.053 X
ACE inhibitors 23 (13) 12 (30) <0.01 X
Laboratory results
CRP, mean (range), mg/L 20.1 (0-362) 51.6 (1-263) <0.01 Welch
Leukocytes, mean (range), g/L 8,798 (1,265-23,900) 9,640 (3,000-37,380) 0.35 Welch
Platelets, mean (range), g/L 251 (98-494) 358 (83-755) <0.001 Welch
APTT, mean (range) 1.06 (0.78-1.88) 1.07 (0.60-2.09) 0.81 Welch
PT, mean (range), % 87.4 (18-116) 84.8 (42-124) 0.38 Welch
Initial stroke severity
NIHSS score at admission, mean (SD)  7.14 (+£7.62) 10.2 (+9.72) 0.071 Welch

TIA, transient ischemic attack; ARA-2, angiotensin II receptor antagonists; ACE, angiotensin-converting
enzyme; CRP, C-reactive protein; APTT, activated partial thromboplastin time; PT, prothrombin time; NIHSS:
National Institutes of Health Stroke Scale; TE, thrombotic event; COVID—, COVID-negative; COVID+, COVID-
positive.
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Patient 1

Patient 2

Fig. 2. Multiple ischemic lesions pattern in Patient 3

3 COVID+ patients. Diffusion-weighted
1.5 T MRI. See arrows: hyperintensities in
different arterial territories in 3 patients
with COVID-19.

with, respectively, 68.1 (+14.4) in the COVID- group and
64.8 (£13.5) in the COVID+ group with a majority of
male sex in both groups (63% in COVID- and 62% in
COVID+, p = 0.95). Obesity, defined as BMI > 30 kg/m?,
was significantly more frequent in the COVID+ group
than in the COVID—-one (13 vs. 36%, p < 0.01). There was
no significant difference in treatment at admission except
for converting enzyme inhibitors (CEIs) with 30% in the
COVID+ group and 13% in the COVID- group (p <
0.01). CRP level and platelet count were significantly
more elevated in the COVID+ group, respectively, 51.6
versus 20.1 mg/L (p < 0.01) and 358 versus 251 g/L (p <
0.001). NIHSS score at admission was higher in the CO-
VID+ group with a mean score of 10.2 (+9.72) and 7.14
(£7.62) in the COVID- group, but no significance was
reached (p = 0.071).
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Stroke Characteristics and Revascularization

Procedures

For COVID+ patients, the median time from first
COVID-19 symptom was 12 days (0-46 days). Stroke
was the initial clinical manifestation in 12 patients (30%).
Regarding stroke territory, there was a trend for a pre-
dominance of multiple (Fig. 2) (26 vs. 14%; p = 0.089) and
cerebral anterior strokes (23 vs. 10%; p = 0.058) in the
COVID+ group (Table 2). There was no difference in
stroke mechanisms between 2 groups. Alteplase (22 vs.
14%, p = 0.11) and mechanical thrombectomy (28 vs.
16%, p = 0.16) were more often performed in the CO-
VID+ group, but this difference was not statistically sig-
nificant.

Study Outcomes
Primary and secondary outcomes are summarized in
Table 3. There were significantly more patients with mRS
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Table 2. Territories, mechanism, and revascularization of ischemic strokes

COVID- COVID+ p value Test
(n=176) (n =40)
Stroke territories, n (%)
Anterior cerebral artery, n 18 (10) 9 (23) 0.058 Fischer
Middle cerebral artery, n 109 (63) 20 (51) 0.18 X
Posterior cerebral artery, n 25 (14) 7 (18) 0.58 X
Basilar artery, n 28 (16) 6 (15) 0.9 X
Multiple territory, n 25 (14) 10 (26) 0.089 Ve
Stroke mechanism, n (%)
Large-artery atherosclerosis, n 44 (26) 9(22) 0.69 X
Cardioembolism, n 56 (33) 10 (25) 0.33 X
Small-vessel occlusion, n 13 (7.6) 1(2.5) 0.48 Fischer
Other, n 5(2.9) 3(7.5) 0.18 Fischer
Undetermined, n 61 (35) 18 (45) 0.26 X
Revascularization procedures, 7 (%)
Thrombectomy, n 29 (16) 11 (28) 0.11 X
Alteplase, n 24 (14) 9(22) 0.16 Ve
Table 3. Primary and secondary outcomes
COVID- COVID+ pvalue Test
(n=176) (n =40)
Primary outcome
3-mRS-6, n (%) 73 (41) 24 (60) 0.034 X2
Secondary outcome
Morbimortality composite criterion, (CI 95%) 0.06 (0.03-0.10)  0.25(0.14-0.40) <0.01 Fischer
OR (CI 95%) 5.0 (1.95-12.80)  0.01
TE, n (%) 5(2.8) 6 (15) <0.01 Fischer
In-hospital death, n (%) 6(3.4) 5(12) 0.033  Fischer

mRS, modified Rankin Scale; CI, confidence interval; TE, thrombotic event.

(3-6) atdischarge in the COVID+ group (shown in Fig. 1)
compared with the COVID- group (60 vs. 40%, p =
0.034). When adjusted to age, diabetes, and initial NTHSS
scores, COVID+ status was associated with poor out-
come (Table 4); this association did not reach significance
(OR, CI 95%: 1.923, 0.75-4.8).

TE and mortality composite criteria were higher in
the COVID+ group than in the COVID- group (25 vs.
6%); p < 0.01. Death in the COVID+ group was con-
secutive to malignant infarction in 3 cases and respira-
tory failure in 2 others. Six TEs were observed in the
COVID+ group: 3 peripheral artery occlusions, 1 myo-
cardial infarction, 1 deep vein thrombosis, and 1 pul-
monary embolism.

Acute Ischemic Stroke Outcome in
COVID-19

Table4. Logistic regression model on unfavorable mRS at discharge

Odds ratio  CI95% p value
Age 1.034 1.005-1.063 0.019
Diabetes mellitus 1,005 0.433-2.335 0.990
NIHSS at admission 1.325 1.222-1.438  <0.001
COVID-19 1.923 0.759-4.876 0.168
NIHSS, National Institutes of Health Stroke Scale.
Cerebrovasc Dis 5
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Discussion

In a sample of >200 patients admitted for AIS, 18.5%
were COVID+. Frequency of COVID+ in series of all
coming AIS and during the same period is not clearly as-
sessed. Jillella et al. [12] reported a frequency of 2.5% of
COVID+ cases in their series of AIS. However, the study
period was very different from ours and therefore cannot
be correctly compared. We observed an overrepresenta-
tion of poor outcome in patients suffering from AIS con-
comitantly with SARS-CoV-2 infection. Mortality rate
was higher in the COVID+ group (12 vs. 3.4%, p = 0.033),
as well as TE frequency (15 vs. 2.8%, p < 0.01). The mor-
tality rate combined with TE rate (25%) was higher in the
COVID+ group. The strongest predictor of poor out-
come was the NIHSS score at admission.

Though clinical severity at admission was reported to
be high in COVID+ patients suffering from AIS (6), no
data are available in respect to prognosis and clinical out-
come of these patients. The 30-day case fatality in France
for AIS reached 10.7% in 2015 [13] with in-hospital mor-
tality of 9.4% in 2014 [14]. In our study, in-hospital mor-
tality rate of COVID+ patients was of 12% versus 3.4% in
COVID- ones. Of note, mortality was not only driven by
respiratory failure in the COVID+ group but also by ma-
lignant infarction.

These findings suggest that, in addition to an en-
hanced severity at admission, patients presenting con-
comitantly with AIS and SARS-CoV-2 infection pres-
ent a higher risk of early unfavorable outcome and
death than usually observed in general AIS population
as well as in contemporary COVID-controls. Together
with the higher level of TE observed, this highlights the
importance of vascular comorbidity as part of the sever-
ity spectrum of COVID-19. As the median time delay
from first COVID-19 symptom to stroke was 12 days
and given the severity of this population prognosis,
monitoring should be undertaken for these patients
during this time period.

As described, we also found that obesity was overrep-
resented in severe COVID-19 patients and that the most
frequently observed comorbidity was arterial hyperten-
sion [1, 7]. The frequency of these 2 vascular risk factors
in severe forms of COVID-19 as well as in AIS patients do
suggest that vascular comorbidity can represent a sever-
ity predictor in this affection. Endothelial dysfunction in
COVID-19 disease as shown in histopathology studies
[15] also supports this hypothesis.

Interestingly, in our study, patients with AIS and CO-
VID were more often treated with angiotensin-convert-
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ing enzyme (ACE) inhibitors (30 vs. 13%, p < 0.01). In
vitro and in vivo studies [15, 16] highlighted the key role
played by ACE2 in COVID-19 as functional receptor for
SARS-CoV-2. However, the role played by ACE2 in this
disease remains unclear; basic research studies displayed
a potential enhanced disease severity caused by overex-
pression of ACE2 with a paradox lung protecting role in
mice infected with SARS-CoV-2 [16]. Thus, further stud-
ies are needed to provide clear guidelines about CEI use
in COVID-19.

Regarding thrombosis and inflammation markers,
CRP level and platelet count were higher in the COVID+
group. This is quite expected as part of the inflammatory
status of the infection. However, in the Chinese CO-
VID-19 in-patient population, when compared to survi-
vors, non-survivors were more likely to present a coagu-
lopathy state (50 vs. 7%) [8]. The inflammatory status of
the infection seems to be 1 of the important biological
features of the patients presenting with AIS and CO-
VID-19. CRP and platelet count as well as D-dimer levels,
as suggested by a recent similar study [6] may be part of
the evaluation of severe disease form in patients infected
with SARS-CoV-2. Thus, identifying routine biological
markers predictive of severe vascular forms may be of im-
portant clinical interest to maximize vascular prevention
strategy in SARS-CoV-2-positive patients.

Acute infection and more particularly influenza is a
well-recognized risk enhancer for cardiovascular mortal-
ity [17] and AIS [18]. We and others [6] observed a trend
towards an over-representation of AIS of undetermined
cause in COVID+ patients. Acute viral infection can
therefore be an underestimated etiology for AIS of unde-
termined source or a trigger for AIS of other cause in clin-
ical routine.

Our study has several limitations, first of which is the
retrospective nature of the design. Moreover, when ad-
justed to other potential confounding factors, the associa-
tion between COVID+ status and poor clinical outcome
did not remain statistically significant. The presence of
large vessel occlusion has been reported to be frequent in
COVID+ patients [19, 20]. In our study, there was a trend
towards more thrombectomy in this group but large vessel
occlusion rate was not assessed in our study. This, in ad-
dition to other confounding factors such as delays for ad-
mission or infarct sizes, has not been assessed and can
therefore represent potential bias for the results. Besides,
we only gathered information about patients admitted in
stroke units and not in critical care units, which represents
a selection bias and may underestimate severe forms of
AIS or AIS incidence in critically ill patients with COV-

Calmettes et al.



ID-19. Regarding COVID-19 status, an important part of
COVID- patients were not tested for SARS-CoV-2, and
thus COVID status remains uncertain, as asymptomatic
forms of SARS-CoV-2 have been described. We also did
not collect information about respiratory status of CO-
VID+ patients, which may have underestimated its role in
poor outcome. Besides, only hospitalized patients were in-
volved; therefore, we cannot generalize our findings to
ambulatory and general population. Further studies are
needed to evaluate the proper risk of this population to
develop severe COVID-19 form to insure a personalized
management of patients, especially before applying inva-
sive prevention or therapeutic measures.

Conclusion

Patients with AIS and COVID-19 showed a high rate
of mortality and TE. When compared to other factors
such as age or NIHSS scores, COVID-19 was not a statis-
tically significant predictor of poor outcomes in our AIS
population. Obesity and inflammatory biologic status
were more frequently observed in COVID+ patients. A
special interest should be provided to these clinical and
biological features in COVID+ patients to prevent vascu-
lar complications that seem to be part of the disease sever-
ity spectrum. Further studies are needed to identify strong
predictors of severe vascular forms of COVID-19 in the
general population.
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