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A B S T R A C T
Background We aimed to assess acute stroke cases with and without coronavirus disease 2019 (COVID-19) 
positivity concerning clinical features and the number of hospitalizations acute stroke cases compared to the 
previous year.
Methods Acute stroke patients with and without COVID-19 positivity, including those who were hospitalized 
in the neurology service and intensive care unit of tertiary healthcare center between 17 December 2020 and 
31 January 2021 due to acute stroke, were included in this cross-sectional study.
Results Mortality (p=0.042) and mechanical ventilation use (p=0.041) were more frequent in COVID-19-
positive stroke patients compared to those without COVID-19. The most common type of stroke in COVID-
19-positive acute stroke patients was ischemic stroke (69.23%). Additionally, stroke patients with COVID-19 
had a significantly higher percentage of kidney disease compared to those without COVID-19 (p=0.009). We 
also observed that the number of acute stroke cases hospitalized in our hospital during the pandemic decreased 
significantly compared to the previous year (p=0.036).
Conclusion Since the majority of our patients were diagnosed with COVID-19 after admission to the hospital 
due to stroke, it should be kept in mind that patients who apply to the hospital with stroke symptoms may also 
have COVID-19, even if they are asymptomatic.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic 
has affected the whole world in a very short time and still 
continues to exist as a public health threat. While severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is known to cause interstitial pneumonia and 
acute respiratory distress syndrome, there is increasing 
evidence that it causes encephalopathy1, limbic and 
brainstem encephalitis2,3, Guillain-Barré syndrome4,5, 
and stroke (predominantly ischemic stroke, but also 
hemorrhagic stroke).6-10

Stroke is a serious cause of morbidity and mortality, 
and data concerning its incidence during the pandemic 
period, its association with COVID-19 infection, and 
its course in infected individuals are increasing.11-13 
Acute cerebrovascular disease, especially ischemic 
stroke, may occur with SARS-CoV-2.14-17 This study 
aimed to investigate acute stroke cases with and without 
COVID-19 positivity about the clinical features of the 
disease and to identify the number of hospitalisations 
due to acute stroke during the COVID-19 era relative to 
the previous year.

MATERIAL AND METHODS

According to 2022 data, the population of our city 
is 3,194,720. Our hospital was one of the three tertiary 
hospitals in our city. Additionally, there was a stroke 
centre in our hospital. During the pandemic between 
December 17, 2020 and January 31, 2021, all acute 
stroke patients with and without COVID-19 diagnosis 
were included in the study. Patients who presented to 
the emergency department within the first 24 hours 
after the onset of stroke symptoms and were diagnosed 
with a definitive diagnosis of stroke based on medical 
history, neurological examination and neuroimaging 
findings (brain computed tomography [CT], magnetic 
resonance imaging [MRI]) and hospitalised, or who 
underwent neuroimaging within the first 24 hours of 
neurological symptoms while being followed up in 
the hospital due to COVID-19 and were diagnosed 
with a definitive diagnosis of acute stroke during 
consultation, were included in the study.

Demographic information (age, sex, date 
of application), comorbid diseases (history of 
hypertension, diabetes mellitus, cardiovascular 
disease, chronic obstructive pulmonary disease 
[COPD], malignancy, chronic renal disease or 
cerebrovascular accidents), laboratory parameters 
at hospital admission (haemoglobin, platelet, white 
blood cell counts, blood glucose, urea, creatinine, 
erythrocyte sedimentation rate [ESR], C-reactive 
protein, D-dimer levels, International Normalized 
Ratio [INR], aPTT, and ferritin), and discharge 
information were prospectively recorded. Acute 
stroke patients with and without COVID-19 were 
compared in terms of demographic characteristics 
and laboratory results.

In addition, the number of acute stroke patients 
followed up in our hospital in the pandemic period 
(December 17, 2020, and January 31, 2021) during 
which the study was conducted was compared with 
the one-year pre-pandemic period (December 17, 
2019, and January 31, 2020).

This study was approved by the local Clinical 
Research Ethics Committee. All protocols were 
conducted in accordance with the principles of 
the Declaration of Helsinki. Informed consent 
was obtained from all patients or their first-degree 
relatives, and only cases with informed consent were 
included in the study.

Statistical analysis
All analyses were performed on SPSS v21 (IBM, 

Armonk, NY, USA) and were evaluated for a <0.05 
significance threshold for a p-value. Shapiro-Wilk 
test was used to check the normality of continuous 
variables. Continuous variables were given as 
mean±standard deviation in the presence of normal 
distribution and as median (1st-3rd quartile) in the 
presence of non-normal distribution. Categorical 
data were presented with frequency (percentage) 
values. Normally distributed variables were analysed 
with the independent samples t-test. Non-normally 
distributed variables were analysed with the Mann-
Whitney U test. Categorical variable distributions 
were compared with chi-square tests or Fisher’s exact 
test. The number of stroke cases before and after the 
COVID-19 pandemic was compared with the one-
sample chi-square test under the null hypothesis of 
equal probabilities.

RESULTS

We included 64 patients (30 males and 34 females) 
with acute stroke in our study; the mean age was 
70.14±14.46 (range 22 - 98) years. Twenty-six (40.63%) 
patients were COVID-19 positive. Fourteen (53.85%) 
patients were both polymerase chain reaction (PCR) 
test and thorax CT positive, 11 (42.31%) patients were 
PCR negative and thorax CT positive, and one (3.85%) 
patient was PCR positive only. Twenty (76.92%) 
COVID-19-positive patients had applied to the 
hospital because of a stroke. Six (23.08%) COVID-19-
positive patients suffered from an in-hospital stroke, 
and the median stroke onset of these patients was 6 

(range 1-16) days after hospitalisation (Table 1).
There were no significant differences between 

patients with COVID-19 negativity and positivity 
concerning age and sex. Renal disease percentage was 
significantly higher in the positive group than in the 
negative group (p=0.009). There were no significant 
differences between groups regarding other risk 
factors (Table 2).

The most common type of acute stroke was 
ischemic stroke in both groups. There were two 
(5.26%) transient ischemic attack cases in the COVID-
19-negative group, whereas the COVID-19-positive 
group had one (3.85%) venous sinus thrombosis case 
and one (3.85%) ischemic plus hemorrhagic case. 

There was no significant difference between types of 
stroke in groups (p=0.335). Dysarthria frequency was 
significantly higher in the positive group than in the 
negative group (p=0.003). There were no significant 
differences between hemiparesis (p=1.000), hemi-
hypoesthesia (p=0.445), hemianopsia (p=0.525), 
aphasia (p=0.305), and impaired consciousness (p= 
0.430) of both groups (Table 2).

The groups were similar regarding Glasgow 
Coma Scale scores, thrombolytic/thrombectomy 
use (p=0.680), and need for intensive care unit stay 
(p=0.503). Ten (38.46%) patients were intubated in 
the positive group, while five (13.16%) patients were 
intubated in the negative group (p=0.041). Nine 

 
Table 1. Characteristics of patients with COVID-19 
COVID-19 diagnosis  

PCR and CT positive 
PCR negative, CT positive 
PCR positive 

 
14 (53.85%) 
11 (42.31%) 
1 (3.85%) 

Reason for hospital application  
Other reasons 
Stroke 

 
6 (23.08%) 
20 (76.92%) 

Data were given as frequency (column percentage). 
  

Table 2. Summary of patient characteristics with regard to presence of COVID-19 
Variables COVID-19 Total (n: 64) P-value 

Negative (n: 38) Positive (n: 26) 
Age 72.5 (60-80) 73 (65-81) 72.5 (62-80.5) 0.477 
Sex  

Male  
Female 

 
18 (47.37%) 
20 (52.63%) 

 
12 (46.15%) 
14 (53.85%) 

 
30 (46.88%) 
34 (53.13%) 

1.000 
 
 

Co-morbidities  
Hypertension 
Heart disease 
Diabetes mellitus 
COPD 
Malignancy 
Renal disease 

 
24 (63.16%) 
20 (52.63%) 
8 (21.05%) 
8 (21.05%) 
2 (5.26%) 
0 (0.00%) 

 
16 (61.54%) 
17 (65.38%) 
10 (38.46%) 
2 (7.69%) 
1 (3.85%) 
5 (19.23%) 

 
40 (62.50%) 
37 (57.81%) 
18 (28.13%) 
10 (15.63%) 
3 (4.69%) 
5 (7.81%) 

 
1.000 
0.449 
0.216 
0.181 
1.000 
0.009 

Cerebrovascular incident history 8 (21.05%) 11 (42.31%) 19 (29.69%) 0.121 
Alcohol use 1 (2.63%) 0 (0.00%) 1 (1.56%) 1.000 
Smoking 5 (13.16%) 3 (11.54%) 8 (12.50%) 1.000 
Type of stroke 

Ischemic 
Haemorrhagic 
Transient ischemic attack 
Venous sinus thrombosis 
Ischemic + haemorrhagic 

 
29 (76.32%) 
7 (18.42%) 
2 (5.26%) 
0 (0.00%) 
0 (0.00%) 

 
18 (69.23%) 
6 (23.08%) 
0 (0.00%) 
1 (3.85%) 
1 (3.85%) 

 
47 (73.44%) 
13 (20.31%) 
2 (3.13%) 
1 (1.56%) 
1 (1.56%) 

0.335 
 
 
 
 
 

Location  
Anterior system 
Posterior system 

 
25 (86.21%) 
4 (13.79%) 

 
16 (88.89%) 
2 (11.11%) 

 
41 (87.23%) 
6 (12.77%) 

1.000 
 
 

Stroke presentations  
Hemiparesis 
Hemi-hypoesthesia 
Hemianopsia 
Aphasia 
Dysarthria 
Impaired consciousness 

 
28 (73.68%) 
17 (44.74%) 
6 (15.79%) 
13 (34.21%) 
8 (21.05%) 
14 (36.84%) 

 
19 (73.08%) 
15 (57.69%) 
6 (23.08%) 
5 (19.23%) 
16 (61.54%) 
13 (50.00%) 

 
47 (73.44%) 
32 (50.00%) 
12 (18.75%) 
18 (28.13%) 
24 (37.50%) 
27 (42.19%) 

 
1.000 
0.445 
0.525 
0.305 
0.003 
0.430 

Glasgow coma scale score 14.5 (12-15) 13 (12-15) 14 (12-15) 0.229 
Thrombolytic/thrombectomy 3 (7.89%) 3 (11.54%) 6 (9.38%) 0.680 
Need for intensive care unit stay 16 (42.11%) 14 (53.85%) 30 (46.88%) 0.503 
Intubation 5 (13.16%) 10 (38.46%) 15 (23.44%) 0.041 
Mortality 4 (10.53%) 9 (34.62%) 13 (20.31%) 0.042 
COPD: chronic obstructive pulmonary disease.  
Data were given as mean±standard deviation or median (1st-3rd quartile) for continuous variables according to the normality of distribution 
and as frequency (column percentage) for categorical variables 
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(34.62%) cases were mortal in the positive group, and 
four (10.53%) cases were mortal in the negative group 
(p=0.042) (Table 2, Figure 1).

Lymphocyte count was significantly lower in the 
positive group than in the negative group (p=0.042). 
C-reactive protein (p<0.001), ferritin (p=0.001) and 
D-dimer (p=0.008) levels were significantly higher 
in the positive group than in the negative group. 
There were no significant differences between groups 
concerning other laboratory measurements (Table 3).

There were 47 patients with ischemic stroke. We 
found no significant differences between anterior 
system ischemic stroke and posterior system ischemic 

stroke groups regarding age, sex, hemiparesis, hemi-
hypoesthesia, hemianopsia, aphasia, dysarthria, and 
impaired consciousness (Table 4).

When we evaluated the number of stroke cases 
before and after the COVID-19 pandemic, we found 
that the number of stroke cases was significantly 
higher in the pre-pandemic period compared to 
the post-pandemic period (110 vs 81, p=0.036). In 
addition, the number of ischemic strokes (90 vs 63, 
p=0.029) and cases with transient ischemic attack (13 
vs 2, p=0.005) were significantly higher in the pre-
pandemic compared to the post-pandemic period. 
There was no significant difference between the 

pre- and post-pandemic periods in the frequency of 
requiring intensive care unit stay (27 vs 30, p=0.691) 
(Table 5).

DISCUSSION

In our study, it was observed that the majority of 
COVID-19-positive stroke patients were admitted to 
the hospital due to stroke and were diagnosed with 
COVID-19 through subsequent examinations. The 
most common type of stroke in COVID-19-positive 
stroke patients was ischemic stroke. COVID-19-
positive stroke patients had a significantly higher 
percentage of kidney disease and dysarthria compared 
to COVID-19-negative stroke patients. There was no 
significant difference between the groups regarding 
the frequency of vascular risk factors. Intravenous 

alteplase/thrombectomy treatment was applied to 
three patients with COVID-19 positivity. It was 
seen that mortality and mechanical ventilation used 
more common in COVID-19-positive stroke patients 
compared to stroke patients without COVID-19. 
In addition, we observed a significant decrease in 
the number of stroke cases hospitalised during the 
pandemic compared to the pre-pandemic period.

In patients with COVID-19, neurological 
symptoms may be the first reason for admission to 
the hospital. Also, patients admitted to the hospital 
with neurological symptoms without symptoms of 
COVID-19 may be diagnosed with COVID-19 in the 
tests performed.18-22 In our study, it was observed that 
the majority of COVID-19-positive stroke patients 
were admitted to the hospital due to stroke and were 
diagnosed with COVID-19 through subsequent tests.

It has been reported that COVID-19-positive stroke 

Table 3. Laboratory measurements with regard to the presence of COVID-19 
Variables COVID-19 Total (n: 64) P-value 

Negative (n: 38) Positive (n: 26) 
White blood cell (x1000) 9.55 (7.80-12.20) 9.35 (6.84-11.70) 9.40 (7.65-12.10) 0.400 
Haemoglobin 13.17±2.02 12.68±1.95 12.97±1.99 0.336 
Platelet (x1000) 266.08±85.73 229.90±111.50 251.38±97.83 0.148 
Lymphocyte (x1000) 1.67 (1.20-2.90) 1.21 (0.85-2.10) 1.55 (1.01-2.63) 0.042 
Neutrophil (x1000) 6.55 (5.20-9.57) 6.16 (5.10-9.50) 6.30 (5.15-9.54) 0.758 
Neutrophil/Lymphocyte ratio 4.00 (1.83-7.00) 4.76 (2.67-10.40) 4.18 (2.50-9.71) 0.232 
C-reactive protein 4.85 (2.5-11.1) 29 (10.4-70) 9.8 (3.4-43.5) <0.001 
Ferritin 87.5 (42-183) 288 (125-824) 149 (50-288) 0.001 
D-dimer 0.54 (0.31-1.2) 1.79 (0.65-6.35) 1 (0.4-2.43) 0.008 
Blood glucose 123.5 (102-160.5) 155 (114-239) 131.5 (110-206) 0.086 
Urea 36 (25-43) 40.5 (30-55) 37.5 (27.5-49) 0.119 
Creatinine 0.88 (0.70-1.03) 0.80 (0.60-1.20) 0.86 (0.70-1.20) 0.661 
AST 19.5 (16-23) 25 (18-40) 21 (17-28) 0.052 
ALT 16.5 (11-20) 15 (11-25) 15.5 (11-22) 0.837 
Sodium 138 (136-140) 139 (136-140) 139 (136-140) 0.762 
Potassium 4.25 (3.90-4.50) 4.30 (3.90-4.60) 4.30 (3.90-4.50) 0.848 
Data were given as mean±standard deviation or median (1st-3rd quartile) for continuous variables according to the normality of distribution 
and as frequency (column percentage) for categorical variables. 

 
  

 
Table 4. Summary of age, sex and symptoms of patients with ischemic stroke with regard to location 
Variables Location Total (n: 47) 

 
P-value 

Anterior system (n: 41) Posterior system (n: 6) 
Age 73 (65 - 80) 62 (55 - 77) 72 (61 - 80) 0.285 
Sex  

Male 
Female 

18 (43.90%) 
23 (56.10%) 

4 (66.67%) 
2 (33.33%) 

22 (46.81%) 
25 (53.19%) 

0.398 
 
 

Hemiparesis 28 (68.29%) 4 (66.67%) 32 (68.09%) 1.000 
Hemi-hypoesthesia 20 (48.78%) 2 (33.33%) 22 (46.81%) 0.670 
Hemianopsia 8 (19.51%) 0 (0.00%) 8 (17.02%) 0.571 
Aphasia 14 (34.15%) 0 (0.00%) 14 (29.79%) 0.159 
Dysarthria 13 (31.71%) 4 (66.67%) 17 (36.17%) 0.170 
Impaired consciousness 15 (36.59%) 0 (0.00%) 15 (31.91%) 0.157 
Data were given as median (1st-3rd quartile) for continuous variables according to non-normality of distribution and as frequency (column 
percentage) for categorical variables.  

 
  

 
Table 5. Comparison of stroke-related data in the pre- and post-pandemic periods 
Variables COVID-19 P-value 

Before After 
Number of cases 110 (57.59%) 81 (42.41%) 0.036 
Type of stroke  

Ischemic 
Haemorrhagic 
Transient ischemic attack 
Venous sinus thrombosis 

 
90 (58.82%) 
7 (31.82%) 
13 (86.67%) 
0 (0.00%) 

 
63 (41.18%) 
15 (68.18%) 
2 (13.33%) 
1 (100.00%) 

 
0.029 
0.088 
0.005 
N/A 

Need for intensive care unit stay 27 (47.37%) 30 (52.63%) 0.691 
Data were given as frequency (row percentage). 

 
  

 

 
  Figure 1. Intensive care unit, intubation and mortality percentages with regard to presence of COVID-19.
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patients have worse outcomes, higher mortality and 
more frequent use of mechanical ventilation compared 
to stroke patients without COVID-19.23-24 In our study, 
it was seen that mortality and mechanical ventilation 
use were more frequent in COVID-19-positive stroke 
patients compared to COVID-19-negative stroke 
patients. The high mortality rate in COVID-19-
positive stroke patients is consistent with the high 
mortality rate in COVID-19-positive stroke patients 
previously reported in the literature.25,26

In addition, studies have emphasised that ischemic 
stroke is observed more frequently in COVID-19-
positive stroke patients than other stroke subtypes.18,25 
In our study, we observed ischemic stroke in the 
majority of COVID-19-positive stroke patients. 
Infections, especially upper respiratory tract diseases, 
are a risk factor for stroke. The spike protein surface 
unit of SARS-CoV-2 binds with high affinity to the 
human ACE-2 receptor, which disrupts ANG II by 
affecting the normal physiological function of ACE-2, 
thereby causing neuronal damage and endothelial cell 
apoptosis. The endothelial cell dysfunction, which 
can lead to inhibition of fibrinolysis and excessive 
thrombin production, plays an important role in 
the occurrence of thrombotic events.27 In addition, 
COVID-19 prepares the ground for thromboembolism 
through many mechanisms, such as cytokine storm 
and hypoxia.28 These may explain why ischemic stroke 
is more common in COVID-19 patients compared to 
other stroke types.

In a systematic review and meta-analysis 
investigating the characteristics and outcomes of 
COVID-19-positive stroke patients, it has been 
reported that COVID-19-positive stroke patients 
are younger, males are affected to a greater degree, 
and hypertension is less common compared to non-
COVID-19 stroke patients. In addition, no significant 
difference was found in terms of previous stroke, 
diabetes mellitus, dyslipidemia, smoking, coronary 
artery disease and atrial fibrillation, while these 
patients had higher in-hospital mortality.29

In another systematic review and meta-analysis 
comparing COVID-19-positive stroke patients with 
COVID-19-negative stroke patients, diabetes mellitus 
was reported to be more common in stroke patients 
with COVID-19 positivity.30

In our study, there was no significant difference 
in terms of age and sex in COVID-19-positive stroke 
patients compared to the COVID-19-negative stroke 
group. The percentage of kidney disease in the 
positive group was significantly higher than in the 
negative group (p=0.009). In a systematic review and 
meta-analysis examining the incidence and outcomes 
of COVID-19 in patients with chronic kidney disease, 
it was reported that these patients were at a higher 
risk of having COVID-19 and had a higher risk of 
death due to COVID-19 compared to the general 
population.31 The groups had no significant difference 
regarding the frequency of other vascular risk factors.

It has been reported that there was a decrease in 

applications for acute stroke during the COVID-19 
pandemic.32-34 Our study found that the number of 
stroke cases hospitalised in our hospital during the 
COVID-19 pandemic was significantly reduced 
compared to the pre-pandemic period. In addition, 
the number of ischemic stroke and transient ischemic 
attack cases was substantially lower during the 
pandemic compared to the pre-pandemic period.

There could be many reasons for this outcome. 
Possible reasons leading to these results include 
curfews, the fact that stroke patients (particularly 
those with mild symptoms and clinical findings) could 
be refraining from applying to the hospital due to 
fear of exposure to COVID-19-infected individuals, 
the hospitals’ distance from the city centre, higher 
selectivity regarding hospitalisation indications 
during the pandemic period, decreased bed count 
due to our institution being defined as a ‘pandemic 
hospital’, and decreases in the number of physicians 
working at the hospital.

There was no significant difference between 
the pre- and post-pandemic periods in intracranial 
haemorrhage and the number of patients hospitalised 
in the intensive care unit. Since intracranial 
haemorrhages are clinically more severe than 
ischemic strokes35, these patients may be admitted to 
the hospital more frequently. Therefore, the number 
of intracranial haemorrhage cases and severe patients 
requiring intensive care may not have changed 
significantly.

Study limitations
We cannot generalise our results due to various 

reasons, including the fact that this was a single-centre 
study conducted in the early stage of the pandemic, the 
number of our cases was limited, and it was conducted 
in a tertiary institution with a specialised stroke centre 
which was publically defined as a ‘pandemic hospital’. 
Due to the risk of transmission in COVID-19 patients, 
detailed histories may not have been obtained, and 
detailed neurological examinations may not have been 
performed. In addition, the study included patients 
with informed consent from stroke patients with and 
without COVID-19 positivity between December 17, 
2020 and January 31, 2021. Not including all stroke 
patients hospitalised in the same period may have 
affected the study results.

CONCLUSIONS

Our study observed that the number of stroke 
patients hospitalised during the pandemic period 
decreased. The majority of our patients were diagnosed 
with COVID-19 after admission to the hospital due 
to stroke. For this reason, it should be kept in mind 
that patients who apply to the hospital with stroke 
symptoms during the pandemic period may have 
COVID-19 even if they are asymptomatic, and, if 
possible, COVID-19 testing should be performed. 

In addition, for patients diagnosed with COVID-19, 
attention should be paid to the possible signs and 
symptoms of stroke.
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