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Abstract

Background Ischemic stroke is a known complication of COVID-19. It may have a different pathogenesis and worse outcome
compared to stroke in patients without COVID-19. Furthermore, patients with COVID-19 and out-of-hospital stroke onset
might have different characteristics compared to patients with COVID-19 and in-hospital stroke onset. The aim of our study
was to analyze the characteristics of patients with stroke with and without COVID-19 and of patients with COVID-19 with
in-hospital and out-of-hospital stroke.

Methods We performed a retrospective study of all consecutive patients admitted to our hospital with ischemic stroke
between October 2020 and February 2021. We compared functional outcome, lab test, demographic, and clinical character-
istics between patients with or without COVID-19. We performed a sub-analysis comparing patients with COVID-19 and
in-hospital and out-of-hospital stroke onset.

Results We included in the final analysis 137 patients of whom 26 with COVID-19. Half (13) had out-of-hospital stroke and
half in-hospital stroke onset. Overall, patients with COVID-19 had higher mortality compared to the control group (27% vs
9%, p: 0.02), and non-significantly lower rate of good functional outcome (50% vs 63%, p: 0.22). Patients with COVID-19
and out-of-hospital stroke had higher rate of good functional outcome (69% vs 39%, p: 0.05), higher lymphocyte count, and
lower D-dimer compared with patients with in-hospital stroke onset.

Conclusions Patients with stroke and COVID-19 had higher mortality compared to patients without COVID-19. Among
patients with COVID-19 those with out-of-hospital stroke had better outcome and fewer blood test abnormalities compared
to patients with in-hospital stroke.
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Introduction

Ischemic stroke is a known complication of COVID-19 [1,
2]. According to a recent metanalysis up to 1.5% of patients
with COVID-19 develops stroke [3]. Notably, the incidence
of thrombotic complications appears higher in COVID-19
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compared with other common respiratory infections [4].
Thus, COVID-19 might directly cause stroke in a sub-
group of patients. Different mechanisms, such as COVID-
19-related hypercoagulability or endoteliitis [5], have been
hypothesized. Patients with stroke and concomitant COVID-
19, in particular those with cryptogenic stroke, seem to fare
a worse outcome compared to patients with stroke without
COVID-19 [6, 7]. They also have higher rate of compli-
cations and laboratory test abnormalities [7]. Many of the
patients included in the published series were already hos-
pitalized for COVID-19 when they developed stroke; these
patients might differ from patients with COVID-19 and out-
of-hospital stroke onset with mild or no COVID-19-related
symptoms. In such patients, SARS-CoV?2 infection might
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not have an important role in the pathogenesis of stroke and
have lower impact on the final outcome [8].

The aim of our study was to analyze the characteristics
of patients with stroke with and without COVID-19 admit-
ted to our hospital. We also performed a subgroup analysis
comparing patients with COVID-19 and in-hospital and out-
of-hospital stroke onset.

Materials and methods

We performed a retrospective study of all consecutive
patients admitted to our hospital with COVID-19 and
ischemic stroke between October 2020 and February 2021
and compared them with stroke patients without COVID-
19 (control group) admitted to our stroke unit in the same
period. The Modena University Hospital is an academic hub-
center for all emergencies and stroke of the Modena province
(around 700.000 inhabitants) and is a second level stroke
center for endovascular reperfusion treatments also for the
Reggio-Emilia province (around 350.000 inhabitants).

We excluded (1) patients functionally dependent prior
to the stroke/COVID-19 infection according to a modified
Rankin scale (mRS) > 2. We excluded these patients because
the main aim of the study was to evaluate differences in
functional outcome between patients with and without
COVID-19; (2) patients with unknown 90-days functional
outcome; (3) and patients that developed COVID-19 after
stroke onset.

COVID-19 was diagnosed with a molecular nasopharyn-
geal swab test performed in the emergency department in
all the patients admitted to our hospital. The swab test was
repeated after 48 h and every 7 days thereafter. Patients
were considered to have stroke and COVID-19 if they had
a known active infection before stroke or if COVID-19 was
diagnosed in the emergency department in patients present-
ing with acute ischemic stroke. Patients with COVID-19
were further divided according to hospitalization status
at stroke onset. Patients already hospitalized because of
COVID-19 infection at stroke onset were considered to have
in-hospital stroke onset. Out-of-hospital stroke onset was
defined if stroke occurred outside the hospital, in patients
with known mild or asymptomatic SARS-CoV?2 infection
or in patients in whom the infection was diagnosed in the
emergency department.

Outcome measures

The primary outcome was 90 days good functional outcome
according to the mRS. The outcome was defined good if mRS
was 0 to 2 and poor if mRS was 3 to 6. We also analyzed
the mortality rate. The mRS was assessed in our outpatient
clinic or with a phone call by our certified stroke doctors. We
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compared demographic characteristics, cardiovascular comor-
bidities, routine blood tests, presence of large vessel occlusion
(defined as occlusion of internal carotid artery, middle cer-
ebral artery M1 and M2, vertebral or basilar artery), National
Institute of Health Stroke Scale (NIHSS) at admission, and
rate of hemorrhagic transformation on 24-48 h control CT,
evaluated using neuroradiological reports. Stroke etiology was
defined according to TOAST classification [9], but we differ-
entiated embolic stroke of undetermined source (ESUS) from
cryptogenic stroke. In the former, a comprehensive etiological
study was performed, including prolonged EKG monitoring,
echocardiography, and extracranial vessel imaging, in the lat-
ter, the study was incomplete.

We also analyzed the rate of intravenous thrombolysis
(IVT) and endovascular thrombectomy (EVT), using data
from The Italian Registry of Endovascular Treatment in
Acute Stroke (REI) and local database of the Safe Imple-
mentation of Thrombolysis in Stroke-International Stroke
Thrombolysis Register (SITS-ISTR). Finally, we evaluated
the rate of respiratory failure needing ventilation (non-
invasive or invasive mechanical ventilation) and the rate
of thrombotic complications such as pulmonary embolism,
deep vein thrombosis, or arterial ischemic events. We also
analyzed the predictor of poor functional outcome in the
COVID-19 and control groups.

We performed a subgroup analysis, comparing patients
with stroke and COVID-19 with out-of-hospital and in-hos-
pital stroke onset. A comparison was made between patients
in these subgroups and between each subgroup and the con-
trol group of patients with stroke without COVID-19.

Statistical analysis

Variables are presented as absolute number and percentage or
median and interquartile range (IQR). Categorical variables
were analyzed with X2 or Fischer’s exact test, whereas
continuous variables were analyzed using the Mann—Whitney
U-test. To assess the predictor of poor functional outcome, we
performed a univariate regression analysis and implemented
baseline characteristics associated with a p<0.05 in the
univariate analysis and those judged clinically relevant
into a multivariate analysis. Pearson’s collinearity test was
performed to exclude collinear variables. A p value <0.05
was considered statistically significant. All statistical analyses
were carried out using SPSS for Windows, version 21 (SPSS
Inc., Chicago, IL, USA).

Results
We screened 151 patients for inclusion: 10 were excluded

because of pre-stroke mRS >2 and 4 because of unknown
90 days outcome. None developed COVID-19 after stroke
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onset. Of the 137 patients included, 26 (19%) had COVID-
19, 13 of them (50%) had out-of-hospital, and 13 (50%) in-
hospital stroke onset.

Comparison between SARS-CoV2 positive
and negative patients

The differences between the 2 groups are summarized in
Table 1. The rate of 90 days good functional outcome was
not significantly lower among COVID-19 patients (mRS
0-2 50% vs 63%, p: 0.22). However, they had a significantly
higher mortality rate (27% vs 9%, p: 0.02) (Fig. 1). COVID-
19 patients were not significantly younger compared to the
control group (median 70 years old IQR 56.0-79.5 vs 75 IQR
65.0-82.0, p: 0.19). Between-groups comparison showed that
cryptogenic stroke was more common among COVID-19-
related strokes, whereas atheroembolic and lacunar strokes
were non significantly more common in the control group. We
did not find significant differences concerning cerebrovascular
risk factors. Patients with COVID-19 less commonly were
treated with IVT or EVT (27% vs 59% p: 0,02), more frequently
needed mechanical ventilation (42% vs 3%, p<0.01), and more
commonly developed thrombotic complications. The rate of
hemorrhagic transformation was similar. COVID-19 patients
had lower lymphocyte count and higher CRP, D-dimer, INR,
and fibrinogen levels (see Table 1).

Predictors of unfavorable outcome

Among COVID-19 patients, at univariate analysis
(Table 2), higher NIHSS, glycaemia, and D-dimer and
lower lymphocytic count were predictors of poor outcome;
none of these factors retained significance at multivariate
analysis. In-hospital stroke was also associated with a trend
for unfavorable outcome at univariate analysis (OR: 5.06,
95% CI10.96-26.78).

Among COVID-19 negative patients (see supplementary
material table S1) higher age, NIHSS, CRP and glycaemia at
stroke onset and presence of atrial fibrillation and diabetes
mellitus were associated with poor outcome at univariate
analysis. Higher age and glycaemia were confirmed at
multivariate analysis.

In-hospital vs out-of-hospital stroke onset
in patients with COVID-19

Differences between the two groups are summarized in
Table 3. Patients with COVID-19 and in-hospital stroke
onset had worse 90 days functional outcome (mRS 0-2 in
39% vs 69% of patients, p: 0.05) and not significantly higher
mortality (39% vs 15%, p: 0.38) compared with patients with
out-of-hospital stroke onset (Fig. 1). Interestingly, when
comparing patients with COVID-19 and out-of-hospital

stroke onset with patients without COVID-19, the rate of
good functional outcome (69% vs 63%, p: 0.77) and mor-
tality (15% vs 9%, p: 0.61) was similar. On the other hand,
patients with COVID-19 and in-hospital stroke onset had
significantly lower rate of good functional outcome (31%
vs 63%, p: 0.03) and higher mortality (39% vs 9%, p<0.01)
compared to patients without COVID-19. Furthermore,
patients with in-hospital stroke onset had more commonly
respiratory failure (69% vs 15%, p: 0.05), ischemic compli-
cations (46% vs 7%; p: 0.04), higher NIHSS at stroke onset
(median 16, IQR: 3.5-30.5 vs 4 IQR: 2.5-11.0, p: 0.05),
lower lymphocytic count (0,88 x 10*/uL IQR: 0.67-1.20
vs 1.54x 10°/uL IQR: 1.16-1.91, p <0.01), and higher
D-dimer (15,316 mg/dl IQR: 1750-18,500 vs 824 mg/dl
IQR: 406-9281, p: 0.02) compared with patients with out-
of-hospital stroke onset.

Discussion

The main finding of our study is that patients with COVID-
19 and out-of-hospital stroke onset fare a better outcome
compared to patients with in-hospital stroke onset. Indeed,
their outcome is like that of patients without COVID-19.
Such findings confirm and extend those of a previous study
showing that patients with in-hospital stroke had lower
rate of discharge to home [8]. In our study, patients with
in-hospital stroke onset tend to have higher NIHSS, higher
D-dimer, and lower lymphocyte count compared to patients
with in-hospital stroke onset. Such findings confirm those of
Katz and colleagues [8] that in addition to D-dimer and lym-
phocyte abnormalities, showed higher level of white blood
cells and CRP among patients with in-hospital stroke onset.
In their study, patients with in-hospital stroke onset had
more commonly multivessel involvement and higher risk of
hemorrhagic transformation. We found a non-significantly
increased rate of bilateral stroke among patients with out-of-
hospital stroke onset but did not confirm the increased risk
of hemorrhagic transformation.

The comparison of patients with stroke with and without
COVID-19 yielded results in line with most of published
studies [7, 10]. We confirmed an increased mortality with
higher rate of respiratory and thrombotic complications and
markedly abnormal blood test among COVID-19 patients.
We found lower rate of IVT or EVT in this population,
confirming the results of a previous work [11]. It must be
noted however that others [12, 13] have not reported this
difference. Our finding can be explained by a lower chance
of timely diagnosis among patients with severe COVID-
19 [2] and possibly longer workflow in the management of
patients with stroke and COVID-19 reducing the chance
of acute treatment. We also confirmed the higher rate of
alterations of lymphocyte count, D-dimer, INR, fibrinogen,
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Table 1 Differences between
patients with ischemic stroke
with and without COVID-19
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COVID-19 (n=26) Control (n=111) p value
Age (IQR) 70.5 (56.0-79.5) 75.0 (65.0-82.0) 0.19
Female sex 9 (34.6%) 45 (40.5%) 0.58
Etiology <0.01
Cardioembolic 11 (42.3%) 33 (29.7%)
Atheroembolic 1(3.8%) 18 (16.2%)
Lacunar 2 (7.7%) 20 (18.0%)
Other 1 (3.8%) 6 (5.4%)
More than one cause 0 (0.0%) 2 (1.8%)
ESUS 7 4 (15.4%) 32 (28.8%)
Cryptogenic 7 (26.9%) 0 (0.0%)
Side of stroke 0.97
Right 10 (38.5%) 44 (39.6%)
Left 14 (53.8%) 60 (54.1%)
Bilateral 2 (7.7%) 7 (6.3%)
Atrial fibrillation 6(23.1%) 34 (30.6%) 0.45
Diabetes mellitus 6 (23.1%) 26 (23.4%) 0.97
Hypertension 20 (76.9%) 75 (67.6%) 0.35
Dyslipidemia 11 (43.4%) 43 (38.7%) 0.74
Coronary disease 2 (8.3%) 16 (14.4%) 0.74
Previous stroke 6(23.1%) 13 (11.7%) 0.20
Previous antithrombotic treatment 0.06
Antiplatelet 4 (15.4%) 37 (33.3%)
Anticoagulant 5(19.2%) 15 (13.5%)
Both 1(3.8%) 0 (0.0%)
Extracranial vessel occlusion 1(4.3%) 11 (9.9%) 0.69
Intracranial vessel occlusion 13 (52.0%) 63 (56.8%) 0.67
ICH % 6 (23.1%) 11 (10.1%) 0.10
Acute treatment 7 (26.9%) 65 (59.1%) 0.02
IVT § 3(11.5%) 13 (11.8%)
EVT q 2 (7.7%) 32 (29.1%)
IVT+EVT 2 (7.7%) 20 (18.2%)
Mechanical Ventilation 11 (42.3%) 32.7%) <0.01
Pulmonary embolism 6 (26.1%) 0(0.0%) <0.01
Other ischemic events 7 (26.9%) 0 (0.0%) <0.01
NIHSS {1 admission (IQR) 6.5 (3.0-20.0) 7.0 (4.0-15.0) 0.67
NIHSS discharge (IQR) 2.0 (2.0-4.0) 2.0 (1.0-5.0) 0.96
Blood tests
Glycaemia mg/dL (IQR) 150.0 (102.3-191.0) 127.0 (107.0-161.0) 0.58
Lymphocytes x 10¥/pLIQR) 1.19 (0.83-1.62) 1.55 (1.09-1.95) 0.02
CRP ## mg/dL (IQR) 2.8 (0.7-9.6) 0.7 (0.5-1.5) <0.01
Creatinine mg/dL (IQR) 0.81 (0.62-1.20) 0.87(0.76-1.08) 0.47
INR (IQR) 1.20 (1.09-1.37) 1.11 (1.04-1.19) 0.02
Platelets x 10%/uL (IQR) 257.5 (203.8-307.8) 218.0 (178.0-273.0) 0.06
D-dimer mg/dL (IQR) 2727.5 (577.5-16,812.5)  960.0 (495.5-2328.5) 0.01
Fibrinogen mg/dL (IQR) 403.0 (327.0-516.0) 301.5 (245.8-362.8) <0.01
90 days mortality 7 (26.9%) 10 (9.0%) 0.02
90 days good functional outcome 13 (50%) 70 (63.1%) 0.22

TEmbolic stroke of undetermined source; % Intracerebral hemorrhage; § Intravenous thrombolysis; | End-
ovascular thrombectomy; 11 National Institute of Health Stroke Scale; 1% C-reactive protein
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Fig. 1 90 days functional
outcome among patients with
ischemic stroke with and
without COVID-19 and among
patients with COVID-19 and
in-hospital stroke or out-of-
hospital-stroke. The black boxes
indicate a good functional
outcome with modified Rankin

COVID-19

90-days functional outcome

Scale (mRS) 0 to 2 MRS 0
No COVID-19 24 15 7 6 -
mRS 1
B mRS 2
mmRS 3
mRS 4
In-Hospital Stroke [l n 8 8 15 _ mRS 5
EMRS 6
0 10 20 30 40 50 60 70 80 ED) 100
Table 2 Predictors of poor Univariate analysis Multivariate analysis
outcome (MRS 3-6) among
patients with stroke and OR (CI 95%) p value OR (C195%) p value
COVID-19
Age 1.05 (0.98-1.12) 0.16
Female sex 0.71 (0.14-3.61) 0.68
Acute treatment (IVT f; EVT ) 0.29 (0.05-1.90) 0.20
NIHSS § 1.22 (1.05-1.41) <0.01 1.11 (0.91-1.36) 0.31
ESUS {[/cryptogenic stroke 0.29 (0.05-1.90) 0.20
Lacunar stroke 0.28 (0.03-3.10) 0.30
Atrial fibrillation 7.50 (0.73-76.77) 0.09
Diabetes Mellitus 2.44 (0.36-16.55) 0.36
Hypertension 1.00 (0.16-6.20) 1.00
Dyslipidemia 5.33 (0.97-29.39) 0.06
Glycaemia 1.03 (1.01-1.05) 0.02 1.01 (0.98-1.04) 0.55
Lymphocytes 0.01 (0.00-0.40) 0.01 0.02 (0.00-2.01) 0.10
CRP ¥ 1.10 (0.94-1.28) 0.24
Creatinine 7.17 (0.63-81.5) 0.11
INR 3.72 (0.03-519.69) 0.60
Platelets 1.00 (0.99-1.01) 0.94
D-dimer 1.01 (1.00-1.02) 0.03 1.01 (0.98 - 1.03) 0.56
Fibrinogen 1.00 (0.99-1.00) 0.27
SARS-CoV-2 pneumonia 12.38 (1.83-83.77) 0.01
Pulmonary embolism 3.67 (0.51-26.22) 0.20
In-hospital stroke 5.06 (0.96-26.78) 0.06 0.39 (0.01-14.81) 0.61

fIntravenous thrombolysis; & Endovascular thrombectomy; § National Institute of Health Stroke Scale;
Embolic stroke of undetermined source; 11 C-reactive protein

and CRP levels. Interestigly, at univariate analysis, higher
D-dimer, lower lymphocyte count, higher glycaemia and
higher NIHSS predicted a poor functional outcome among

COVID-19 patients. We did not find a significantly lower
rate of good functional outcome among patients with
COVID-19 compared to the control group. This is in contrast
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Table 3 Differences between patients with COVID-19 with in-hospital and out-of-hospital stroke onset

In-hospital stroke (n=13) Out-of-hospital stroke (n=13) pvalue
Age (IQR) 71.0 (58.5-178.5) 68.0 (56.0 — 82.0) 0.76
Female sex 5 (38.5%) 4 (30.8%) 1.00
Etiology 0.37
Cardioembolic 6 (46.2%) 5 (38.5%)
Atheroembolic 0 (0.0%) 1(7.7%)
Lacunar 0 (0.0%) 2 (15.4%)
Other causes 0 (0.0%) 1(7.7%)
More than one cause 0 (0.0%) 0 (0.0%)
ESUS ¥ 2 (15.4%) 2 (15.4%)
Cryptogenic 5(38.5%) 2 (15.4%)
Side of stroke 0.14
Right 3(23.1%) 7 (53.8%)
Left 8 (61.5%) 6 (46.2%)
Bilateral 2 (15.4%) 0(0.0%)
Atrial fibrillation 3(23.1%) 3(23.1%) 1.00
Diabetes Mellitus 4 (30.8%) 2 (15.4%) 0.65
Hypertension 8 (61.5%) 12 (92.3%) 0.16
Dyslipidemia 6 (46.2%) 5 (38.5%) 0.69
Coronary disease 2 (15.4%) 0 (0%) 0.48
Previous stoke 1(7.7%) 5 (38.5%) 0.16
Previous antithrombotic treatment 0.53
Antiplatelet 1(7.7%) 3(23.1%)
Anticoagulant 3(23.1%) 2 (15.4%)
Both 1(7.7%) 0(0.0%)
Extracranial vessel occlusion 1 (10.0%) 0(0.0%) 0.44
Intracranial vessel occlusion 7 (58.3%) 6 (46.2%) 0.54
ICH # 3(23.1%) 3(23.1%) 1.00
Treatment 3(23.1%) 4 (31.8%) 0.22
IVT § 1(7.7%) 2 (15.4%)
EVT q 2 (15.4%) 0 (0.0%)
Both 0 (0.0%) 2 (15.4%)
Mechanical ventilation 9 (69.2%) 2 (15.4%) 0.05
Pulmonary embolism 4 (36.4%) 2 (16.7%) 0.37
Other ischemic events 6 (46.2%) 1(7.7%) 0.04
NIHSS 1+ admission (IQR) 16.0 (3.5-30.5) 4.0 (2.5-11.0) 0.05
NIHSS discharge (IQR) 2.0 (2.0-2.0) 3.0 (2.04.0) 0.32
Blood test
Glycaemia mg/dL (IQR) 168.0 (142.0-221.0) 108.0 (87.0-171.0) 0.08
Lymphocytes x 103/uL(IQR) 0.88 (0.67-1.20) 1.54 (1.16-1.91) <0.01
CRP #i mg/dL (IQR) 3.4 (1.4-9.9) 1.5 (0.5-9.6) 0.29
Creatinine mg/dL (IQR) 0.72 (0.60-1.33) 0.92 (0.65-1.23) 0.62
INR (IQR) 1.21 (1.08-1.42) 1.19 (1.07-1.33) 0.62
Platelets x 10°/puL (IQR) 232.0 (192.5-296.0) 271.0 (213.5-336.0) 0.36
D-dimer mg/dL (IQR) 15,316.0 (1750.0-18,500.0) 824.0 (406.0-9281.0) 0.02
Fibrinogen mg/dL (IQR) 399.5 (219.8-514.5) 403.0 (349.0-526.0) 0.65
90 days mortality 5 (38.5%) 2 (15.4%) 0.38
90 days good outcome 4 (30.8%) 9 (69.2%) 0.05

fEmbolic stroke of undetermined source; § Intracerebral hemorrhage; § Intravenous thrombolysis; | Endovascular thrombectomy; 11 National
Institute of Health Stroke Scale; £} C-reactive protein
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with most of previous studies reporting a lower rate of dis-
charge to home [7, 11] and a lower rate of functional inde-
pendency at discharge [12, 14, 15] among patients with
stroke and COVID-19. Recently, however, Marti-Fabregas
and colleagues [16] reported results similar to ours. Our
findings might be partially explained by the high percentage
of patients with out-of-hospital stroke in our series (up to
50%), faring a better outcome compared with patients with
in-hospital stroke. The relatively low number of patients
with COVID-19 in our series might have also hampered the
possibility to show statistically significant differences.

Our study has many strengths. We analyzed 90 days func-
tional outcome, whereas many of the previous cited studies
analyzed the outcome at discharge. Very few patients were
lost at follow-up. All patients admitted to our hospital were
tested with a molecular swab for SARS-CoV2 infection,
reducing the risk of false attribution to COVID-19 group or
control group. Our control group was taken from the same
period of the COVID-19 group reducing the risk of bias
related to the observed reduced rate of minor stroke during
COVID-19 pandemic [17]. Finally, we performed an accu-
rate subgroup analysis comparing patients with COVID-19
in-hospital stroke and out-of-hospital stroke, highlighting
important differences among these two groups. Our study
has also some limitations: it is a retrospective study and bias
is possible. The relatively low number of patients included
reduced the statistical power of our study.

Conclusions

In our series, patients with COVID-19 and out-of-hospital
stroke onset differ from patients with in-hospital stroke
onset. They have milder stroke, do not show an alteration of
coagulation tests, and fare a better outcome. Such findings
might entail a different pathogenesis of stroke in these two
groups and a possibly reduced importance of COVID-19-re-
lated coagulopathy in patients with out-of-hospital stroke
onset. Considering that many studies are rising questions
about the efficacy of IVT and EVT in patients with COVID-
19[12, 18], our findings, if confirmed and extended, might
also be important from a therapeutic point of view. In fact,
patients with out-of-hospital stroke might also present a bet-
ter response to acute stroke treatment.
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