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1 | INTRODUCTION

In late December 2019, viral pneumonia caused by se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) emerged and caused an epidemic outbreak all
over the world in the following few months. Although
the source of this virus is still unclear, this illness has
led to the death of a large number of infected patients,
especially elderly patients with underlying diseases.
Multiple studies have confirmed that hypertension, dia-
betes and cardiovascular disease are the main risk fac-
tors associated with acute respiratory distress syndrome
and death from coronavirus disease 2019 (COVID-19;
Mao et al., 2019). However, little is known about the
impact of cerebral stroke as a common senile disease on
the clinical characteristics and prognosis of patients with
COVID-19.

Stroke, also known as an acute cerebrovascular disease,
has various vascular causes (including ischaemic and hae-
morrhagic stroke) with neurological dysfunction. COVID-
19 patients with stroke can present with disturbance of
consciousness and difficulties performing physical activ-
ity, which may result in central respiratory depression and
exacerbate the lung infection (Liu et al., 2020). Moreover,
severe COVID-19 cases are often accompanied by hypoxia,
impaired cardiac function and abnormal blood coagulation,
which are high-risk factors for stroke (Guan et al., 2017;
Wang et al., 2017; World Health Organization, 2020).
Considering the different clinical characteristics and
prognosis of ischaemic and haemorrhagic stroke and the
elevated incidence of ischaemic stroke, we explored the
interacting effects between ischaemic stroke and SARS-
CoV-2 infection; this information will be of great benefit
to better prevent and treat stroke-related clinical symptoms
in COVID-19 patients.

In the present study, we separately reported the clinical
characteristics and prognosis of COVID-19 patients with
previous or new-onset stroke. The risk factors for new-on-
set stroke were also investigated. Our study revealed the ef-
fects of cerebral stroke on the clinical features and prognosis
of COVID-19 patients and provided novel insights into the
spectrum of this disease. We hope our study may provide
a reference to improve the treatment of COVID-19 patients
with stroke.
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elderly age combined with a history of hypertension. These patients are more vulner-
able to multiorgan dysfunction and an overactivated inflammatory response, in turn

leading to an unfavourable outcome and higher mortality rate.

clinical characteristics, COVID-19, prognosis, SARS-CoV-2, stroke

Key Points

Question

What are the clinical characteristics and prognosis of
COVID-19 patients with cerebral stroke?

Findings

Based on the data from 2,474 cases, the presence
of cerebral stroke in COVID-19 patients was 5.9%
(113/2474) and the incidence of new-onset stroke
was 1.6%(25/2474). COVID-19 patients with stroke
showed older age, multiple symptoms and compli-
cated previous medical history. Meanwhile, they
were more likely to have abnormalities in heart,
kidney, liver and immune function. Age and hy-
pertension comorbidity were independent predic-
tors for new stroke occurrence under SARS-CoV-2
infection.

Meaning

COVID-19 patients with stroke were elderly with
a complicated medical history and more likely to
have multi-organ dysfunction and over-activated
inflammatory response, resulting in poor prognosis
and higher mortality. Closer observation and early
intervention should be given to COVID-19 patients
with a history or high-risk factor of stroke, to avoid
serious complications and high mortality.

2 | METHODS

2.1 | Study design and participants

All patients were admitted and treated in two branches
(Optic Valley branch and Sino-French New City branch)
of Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology in Wuhan. These
two comprehensive clinics are designated hospitals for
the treatment of severely and critically ill patients with
COVID-19. The clinical data of 2,474 patients who were
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diagnosed with COVID-19 according to the World Health
Organization interim guidance were retrospectively col-
lected from February 10th to March 24th, 2020 (World
Health Organization, 2020). Laboratory confirmation of
SARS-CoV-2 infection was performed for all patients on
admission to our hospitals. This study was approved by
the Medical Ethics Committee of Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology in accordance with the Helsinki declaration.
The requirement for written informed consent was waived
because of the urgent need to collect data.

2.2 | Data collection

The clinical data, including basic information (age and sex),
past medical history (hypertension, diabetes, heart disease and
others), typical symptoms (fever, cough, shortness of breath,
muscle ache and diarrhoea), neurological symptoms (head-
ache, dizziness and consciousness disorders), medical course,
laboratory findings (blood cell count, serum inflammation
factors, serum biochemical analysis data, serum electrolytes
and blood coagulation factors), chest and brain computed
tomography (CT) scans, treatment and outcomes, were ret-
rospectively collected by carefully reviewing the medical
records of patients with laboratory-confirmed SARS-CoV-2
infection. Symptoms were assessed by direct communication
with conscious patients or with relatives of unconscious per-
sons. Additionally, consciousness disorders were exclusively
evaluated by experienced neurologists. Laboratory examina-
tions were performed on admission and when necessary in
our hospital. The highest value of each laboratory parameter
for the patients during hospitalisation was collected for statis-
tical analysis. We defined a composite endpoint as the date of
patient discharge, death or March 24th, 2020. Accordingly,
we evaluated two medical courses for each patient, including
days from onset to the end of observation as well as days from
hospital admission to the end of observation.

Stroke is a severe cerebrovascular disease and is divided
into two types: cerebral ischaemic infarction and cerebral
haemorrhage (Guan et al., 2017; Wang et al., 2017). In the
present study, we enrolled all patients with only ischaemic in-
farction. In accordance with the period of stroke occurrence,
we further categorised COVID-19 patients with stroke into
two groups. One was the previous-stroke group, in which the
patients had a stroke at least one month prior to the confir-
mation of COVID-19. The other group was the new-stroke
group, in which a stroke occurred after the COVID-19 di-
agnosis. The occurrence of a previous stroke was identified
from personal medical records. New strokes in COVID-19
patients were identified by brain CT or MRI. The diagno-
sis of stroke was carefully confirmed by at least two trained
neurologists.

All patients received personal systematic treatments in
accordance with the WHO interim guidelines (World Health
Organization, 2020), including antiviral therapy, oxygen
support, secondary infection control, multiorgan monitoring
and support and so on. Oxygen support was one of the most
important approaches and was consistently provided through
normal or high-flow nasal cannulas, non-invasive ventilation,
invasive mechanical ventilation or extracorporeal membrane
oxygenation (ECMO; Liu et al., 2020). For patients with
ischaemic stroke, anti-coagulation, high brain perfusion and
brain protection therapy were administered. To treat patients
with haemorrhagic stroke, haemostatic drugs, control of
brain oedema and swelling and brain-protective agents were
applied (Chinese Society of Neurology, 2018). In our patient
series, none of the stroke patients underwent neurosurgical
interventions. In light of the endpoint of observation, the out-
comes of COVID-19 patients included discharge, hospitalisa-
tion and death.

2.3 | Statistical analyses

All statistical analyses were performed using SPSS 17.0
statistical software. For continuous data, the mean + stand-
ard deviation (SD) and median with range are reported for
normal and abnormal distribution data, respectively. One-
way ANOVA was used to analyse the variance of multiple
groups. Student's ¢ test was used to compare data with nor-
mal distribution between the two groups and nonparametric
analysis and the Mann—Whitney U test was used to compare
data with a non-normal distribution between the two groups.
Qualitative data are expressed as counts and percentages, and
the chi-square test was used for comparisons. The significant
predictors in the univariate analysis were included in multi-
variate analysis, and the enter method was applied for mul-
tivariate regression analysis to determine the risk factors for
new-onset stroke in COVID-19 patients. The distribution of
overall survival of each group was estimated by the Kaplan-
Meier method and compared by the log-rank test. p < .05 was
statistically significant.

3 | RESULTS
3.1 | Clinical characteristics of COVID-19
patients with or without stroke

The essential clinical information of COVID-19 patients is
summarised in Table 1. A total of 2,474 patients were in-
cluded in this study, with a mean age of 61.0 + 15.7 years.
The mean age of patients in the stroke group was signifi-
cantly older than that of the patients in the non-stroke group
(p < .001). Specifically, patients older than 60 years were
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TABLE 1 Demographic features and clinical characteristics of COVID-19 patients

Total Non-stroke Stroke
Variables (n =2,474) (n = 2,361) Previous (n = 88) New (n = 25) »° pe
Mean age (years, 61.0 +15.7 57.8 +15.6 70.69 + 10.85" 74.2 +10.6" 0.150 <.001
mean + SD)
Age subgroups 4 2
<40 year 359 (14.5) 359 (15.2) 0 (0) 0 (0) 0.515 <.001
40-60 year 775 (31.3) 760 (32.2) 13 (14.77) 2 (8.0)
>60 year 1,340 (54.2) 1,242 (52.6) 75 (85.23) 23 (92.0)
Sex, n (%)
Male 1,235 (49.9) 1,172 (49.6) 47 (53.41) 16 (64.0) 0.260 .558
Female 1,239 (50.1) 1,189 (50.4) 41 (46.59) 9 (36.0)
Comorbidities, n (%)
Hypertension 745 (30.1) 665 (28.2) 63 (71.59)* 17 (68.0)" 0.728 <.001
Diabetes 355 (14.3) 321 (13.6) 27 (30.68)" 7 (28.0)* 0.796 <.001
Heart disease 202 (8.2) 173 (7.3) 22 (25.00)* 7 (28.0)* 0.762 <.001
Others disease 931 (37.1) 879 (37.2) 32 (29.6) 20 (51.3) 0.019 725
Prognosis, n (%) 4 a
Discharge 1,744 (70.5) 1,687 (71.5) 49 (82.95) 8(32.0) 0.111 <.001
Hospitalisation 551 (22.3) 509 (21.5) 29 (5.68) 13 (52.0)
Death 179 (7.2) 165 (6.9) 10 (11.36) 4 (16.0)
Days from onset to end 39.6 + 14.0 39.5 + 14.0 44.16 + 13.06" 462 + 14.4 <0.001 .002
point of observation (days,
mean + SD)
Days from admission to end 212+122 212 +12.1 23.69 + 13.42 18.7 + 8.4* <0.001 .699
point of observation (days,
mean + SD)
Symptoms and signs at the onset of COVID-19
Cough 1,680 (67.9) 1,601 (67.8) 63 (71.59) 16 (64.0) 0.465 .640
Shortness of breath 983 (39.7) 933 (39.5) 44 (50.00) 6 (24.0) 0.021 315
Diarrhoea 540 (21.8) 519 (22.0) 16 (18.18) 5 (20.0) 0.837 .393
Headache or dizziness 545 (22.0) 518 (21.9) 16 (18.18) 11 (44.0)* 0.008 .624
Muscle ache 511 (20.7) 483 (20.4) 19 (21.59) 9 (36.0) 0.141 .268
consciousness disorder 66 (2.7) 50 (2.1) 7 (8.14)* 9 (36.0)* <0.001 <.001
Fever (°C)
<373 656 (26.5) 614 (26.0) 32 (36.36) 10 (40.0) 0.980 .030
37.3-38 617 (24.9) 589 (24.9) 22 (25.00) 6 (24.0)
38.1-39 645 (26.1) 618 (26.2) 21 (23.86) 6 (24.0)
>39 556 (22.5) 540 (22.9) 13 (14.77) 3(12.0)
Fingertip oxygen saturation 251 (10.1) 229 (11.5) 18 (23.07)* 4 (16.0) 0.620 .012
(<93%)

Note: Values are numbers (%) unless stated otherwise
“One-way ANOVA was used to analyse the difference amongst the non-stroke, previous and new; p < .05.
®Previous versus new.

“Stroke versus non-stroke.

more frequently observed in the stroke group than in the non- diabetes and heart disease) were more common amongst pa-
stroke group (p < .001). However, there was no difference in tients with stroke (all p < .001). Moreover, the stroke pa-
sex between groups (p = .558). Comorbidities (hypertension, tients showed a higher incidence of consciousness disorders
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than non-stroke patients (p < .001), while the other common
symptoms, such as cough, shortness of breath and diarrhoea,
were similar. Stroke patients were more likely to have low fin-
gertip oxygen saturation than non-stroke patients (p < .001).

The stroke patients were further divided into two sub-
groups according to the time point of stroke onset: patients
with previous stroke and patients with new stroke. The de-
tailed clinical characteristics of the patients in different sub-
groups are listed in Table 1. Generally, there were 88 patients
with previous stroke and 25 patients with newly identified
stroke. In comparison to non-stroke patients, both previ-
ous- and new-stroke patients showed similar incidences of
common symptoms, such as cough, shortness of breath, di-
arrhoea and fever, but a higher incidence of consciousness
disorders (all p < .001). The proportion of patients with
headache or dizziness (44.4% vs. 18.0%, p = .01) was higher
amongst new-stroke patients than amongst non-stroke pa-
tients. Previous-stroke patients were more likely to have low
fingertip oxygen saturation (<93%) than non-stroke patients
(23.1% vs. 11.5%, p < .001).

3.2 | 2 Laboratory parameters of COVID-19
patients with and without stroke

Table 2 shows the laboratory findings of patients with
and without stroke. Previous- and new-stroke patients ex-
hibited more neutrophilia (33.0% and 48.0% vs. 21.1%,
p < .001, respectively), lymphocytopenia (58% and 76%
vs. 31.2%, p < .001, respectively) and anaemia (25% and
28% vs. 8.5%, p < .001, respectively) than the non-stroke
group. The levels of cytokines and infection-related fac-
tors in the blood, including IL-1p, TNF-a, IL-8, IL-2R,
IL-10 and hsCRP, were detected in a certain proportion of
patients with or without stroke. An abnormal concentra-
tion of IL-6 was more frequently found in previous- and
new-stroke patients than in non-stroke patients (68.3%
and 87.0% vs. 42.4%, p < .001, respectively). More previ-
ous- and new-stroke patients had markedly elevated con-
centrations of myohaemoglobin (MG, 30.4% and 45% vs.
12.7%, p < .001, respectively), N terminal pro-brain natriu-
retic peptide (NT pro-BNP, 78.2% and 91.3% vs. 50.5%,
p < .001, respectively), blood urea nitrogen (BUN, 44.8%
and 44% vs. 16.5%, p < .001, respectively) and creatinine
(Cr, 44.8% and 44% vs. 13%, p < .001, respectively) than
non-stroke patients. In addition, elevated concentrations
of cardiac troponin I (¢Tnl, 26.4% vs. 11.3%, p < .001)
and creatine kinase-myoglobin (CK-MB, 10.1% vs. 4.7%,
p = .028) and decreased levels of albumin (42.5% vs.
19.8%, p < .001) were more frequently found in previous-
stroke patients than in non-stroke patients. A disturbance
in electrolytes, including potassium and sodium, was more
likely to occur in both previous- and new-stroke patients
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than in non-stroke patients. In terms of coagulation-related
indexes, significantly increased D-dimer (80.5% and 84%
vs. 58.8%, p < .001, respectively) and fibrinogen (Fgb,
75.6% and 80.8% vs. 60.6%, p = .005 and p = .001) levels
were more prevalent in previous- and new-stroke patients
than in non-stroke patients. Additionally, a prolonged
activated partial thromboplastin time (APTT, 47.7% vs.
33.8%, p = .008), more fibrinogen degradation prod-
ucts (FDP, 58.9% vs. 32.6%, p < .001) and higher inci-
dence of decreased prothrombin activity (PTA, 1.1% vs.
11.6%, p < .001) and thrombocytopenia (39.8% vs. 19.4%,
p <.001) were more prevalent amongst previous-stroke pa-
tients than in non-stroke patients.

3.3 | Prognosis and survival analysis of
COVID-19 patients with and without stroke

The stroke patients had a significantly worse outcome than
the patients in the non-stroke group (p < .001), including a
higher mortality rate and longer disease course. Furthermore,
the mean duration from symptom onset to the end of obser-
vation was longer in the stroke group than in the non-stroke
group (p < .05; Table 1). However, the mean duration from
admission to the end of observation between the two groups
was similar (Table 1). Kaplan—Meier survival curves showed
an improved overall survival (OS) for patients without stroke
compared to those with previous stroke and new stroke (all
p < .001; Figure 1). However, no significant difference in
OS was observed between patients with previous stroke and
those with new stroke (Figure 1).

120 ~
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g 40+
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FIGURE 1 Kaplan-Meier survival curves showing previous

and new stroke-related overall survival (OS) of COVID-19 patients.
Images showing the intergroup comparison of OS between non-stroke,
new stroke and previous stroke group. Ten patients in the non-stroke
group with uncertain onset time were excluded. Non-stroke versus
Previous stroke, p = .006; Non-stroke versus New stroke, p < .001;
Previous stroke versus New stroke, p = .762



YAO ET AL.

1358
—I—WILEY EJN European ournallofNeuroscience. FENS.

3.4 | Analysis of predictors for new-onset
stroke in COVID-19 patients

Data on the clinical variables and log-rank regression analy-
sis are listed in Table 3. In the analysis, age > 60 years, male
sex and hypertension were independent predictors for new
stroke occurrence in COVID-19 patients (p = .01, p = .01
and p < .001, respectively). However, heart disease and dia-
betes were not independent predictors for new stroke occur-
rence during SARS-CoV-2 infection.

4 | DISCUSSION

In the present study, we retrospectively analysed the effect
of cerebral stroke on the clinical features and prognosis of
COVID-19 patients, providing novel insights into the spec-
trum of this disease. The prevalence of stroke (4.7%) in
COVID-19 patients was markedly higher than that in the
population (2.41%) without infection (Wu et al., 2019). One
possible reason is that this cohort was predominantly from
the designated hospital for severely and critically ill patients.
Additionally, SARS-CoV-2 infection might also promote
cerebral strokes since a certain portion of cases were new
onset. If this is the case, treating patients with viral infection
and concurrent stroke will be a great burden for the public
health system.

COVID-19 patients share some common characteristics
with the normal population in terms of risk factors for stroke,
including older age (Chen, et al., 2020) and stroke patients
had more comorbidities (Guan et al., 2019), such as hyperten-
sion, diabetes and heart disease. However, only hypertension
was an independent predictor for new stroke in this study.

As the robustly increased levels of biomarkers (e.g., cTnl,
CK-MB, NT pro-BNP, Cr, BUN and IL-6) predict extrapul-
monary organ injuries, the presence of multiorgan dysfunc-
tion and overactivated systematic inflammation were more
common in COVID-19 patients with stroke than in those
without stroke. These changes are important factors contrib-
uting to the unfavourable outcomes of patients with stroke
and were also widely observed in patients with severe disease
(Chen, et al., 2020; Hilker et al., 2003; Qin et al., 2020; Sui

Logistic regression

& Zhang, 2011; Yeh et al., 2011) and deceased patients (Mao
et al., 2019). In addition, due to dysphagia, impaired locomo-
tor function and insufficient nutrition (Quyet et al., 2019), pa-
tients with stroke have poor immunity and cardiac function,
leading to a huge risk for suffering from hospital-acquired
pneumonia caused by organisms other than viruses (Chen,
et al., 2020; Zhu et al., 2020). This is especially critical for
stroke patients who lose consciousness and spontaneous res-
piration, thus requiring mechanical ventilation (Umapathi
et al., 2004). Coinfection will in turn aggravate the illness in
COVID-19 patients (Lee et al., 2019; Mao et al., 2019). In
this study, the higher incidence of consciousness disorders
in stroke patients might be an early sign related to their poor
outcomes.

Although the exact mechanisms underlying stroke in
COVID-19 patients are still unknown, we can speculate about
the potential links between stroke and SARS-CoV-2 infection
from the clinical features and cases caused by other coronavi-
ruses, such as severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East respiratory syndrome corona-
virus (MERS-CoV), since these viruses share some common
characteristics (Liu et al., 2020) and are involved in stroke
(Ding et al., 2004). For instance, both ischaemic and haem-
orrhagic stroke were found to occur in patients with SARS
(Ding et al., 2004) and MERS (Grau et al., 2010) infection at
high incidences, and SARS-CoV could even be found in the
cerebrum (Maaijwee et al., 2014).

Cytokine storms are widely considered to be a factor lead-
ing to the aggravation of pneumonia and extrapulmonary in-
juries such as cardiac and renal failure (Hilker et al., 2003;
Yeh et al., 2011). There might be a correlation between cy-
tokines and stroke. Associated with cerebrovascular risks,
increases in cytokines and systemic inflammation-related
factors such as IL-6, C-reactive protein and monocyte che-
motactic protein 1 in acute respiratory tract infections were
triggers for stroke (Corrales-Medina et al., 2013; Oudit
et al., 2009). Since inflammatory responses mediated by cy-
tokines were found to disturb the stability of coronary plaque,
which leads to cardiac ischaemia (Oyoo & Espinoza, 2005),
we speculate that cytokines might also affect the stability of
carotid and cerebrovascular atherosclerosis, resulting in ab-
normal occlusive thrombus or the rupture of blood vessels.

TABLE 3 Regression analysis for
incident risk of new-onset stroke amongst

Controls New stroke Adjusted
Variable (n =2,361) (n =25) OR
Age (=60 years) 1,242 (52.6) 24 (96.0) 0.3
Fingertip oxygen 228 (9.7) 4 (16.0) 3.8
saturation (<93%)
consciousness disorder 50 (2.1) 9 (36.0) 0.1

Abbreviations: CI, confidence interval; OR, odd ratio.

p COVID-19 patients
95% CI  value
0.2-05  <.001
25-57  <.001
0.1-0.2  <.001
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The markedly elevated levels of IL-6 in new-stroke patients
in this study could help to support this hypothesis. However,
the other cytokines were not found to differ between stroke
and non-stroke patients. In addition, viral infection of the
vascular endothelium is another possible mechanism. SARS-
CoV-2 is highly homologous in the genome of SARS-CoV
(Liu et al., 2020) and may also have high affinity for the host
angiotensin-converting enzyme 2 receptor (Ding et al., 2004;
Pagliano et al., 2020). This mechanism needs further inves-
tigation even though vasculitis caused by viral infection is a
risk factor for stroke (Pagliano et al., 2020). Additionally, in
the new-onset stroke group, the incidence of haemorrhagic
stroke was markedly increased in comparison with that in
the previous-stroke group. This might be related to impaired
blood coagulation, so the administration of haemostatic drugs
should be rigorously considered.

As mentioned above, COVID-19 patients with stroke were
more vulnerable to multiorgan dysfunction and an overacti-
vated inflammatory response, which in turn resulted in sig-
nificantly impaired outcomes. In this study, patients with
stroke had nearly double the mortality rate of patients without
stroke. The discharge rate of patients with stroke was only half
of that of patients without stroke. In comparison to patients
without stroke, not only patients with previous stroke but also
those with new stroke had a significantly decreased OS.

5 | LIMITATIONS

Our study has a few limitations. First, because the outbreak
of SARS-CoV-2 occurred in a short time and the public
health resources were seriously restricted, some patients
could not be hospitalised in time, leading to a deviation
between the observation point of the disease course and
the length of stay in the hospital. This also results in the
absence of initial values of laboratory parameters at symp-
tom onset. Second, some tests (for example, cTnl, NT
pro-BNP and arterial blood gas tests) were not performed
in all patients, and missing data might lead to bias in the
analysis of clinical characteristics. Additionally, consider-
ing that this is a single-centre retrospective study that only
enrolled severe and critically ill COVID-19 patients, mild
or asymptomatic COVID-19 patients were excluded and
further studies are warranted to gain a better understanding
of the risk factors for and outcomes of COVID-19 patients
combined with stroke.

6 | CONCLUSION

To summarise, elderly COVID-19 patients with hyperten-
sion are more likely to develop cerebral stroke, which is
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associated with severe neurological symptoms, multiorgan
injuries, coagulation dysfunction and an overactivated in-
flammatory response. All these factors will contribute to
unfavourable outcomes, including a prolonged disease
course, shortened OS and high mortality. Therefore, in-
tensive treatments for both COVID-19 and stroke must be
taken into consideration for patients with risk factors for
stroke.
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