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Abstract 

Background & Objective: We aimed to investigate the relationship between COVID-19 and  stroke 
and analyze the biochemical markers that may affect or predict the mortality. Methods: This study was 
conducted at Adana City Training and Research Hospital between March 1, 2020, and December 31, 
2020. A total of 220 patients diagnosed with stroke and tested with Reverse Transcriptase Polymerase 
Chain Reaction (RT-PCR) for COVID-19 were included. The patients were divided into two main 
groups: cerebrovascular disease with negative RT-PCR (CVD) and cerebrovascular disease with positive 
RT-PCR  (CVD+COVID-19). Results: COVID-19 patients had a stroke on average at 8.49±6.8 (min:0-
max:32) days. Admission to Intensive Care Unit (ICU) rate and mortality rate were significantly higher 
in CVD+COVID group (92.6% and 57.4% respectively). CVD+COVID-19 group had significantly 
higher levels of CRP, LDH, PT, INR, aPTT, fibrinogen, procalcitonin, D-Dimer, ferritin, and N/L ratio 
compared to the CVD group. In CVD-COVID-19 group the risk of admission to ICU increased 4.68 
times. Also in this group NIHSS was found to be 20.57±6.19, albumin 33.12±5.23 g/L, and lymphocyte 
1.10±0.76 10^3/µl. Higher lymphocyte and albumin and lower NIHSS values are protective effect on 
mortality and the optimum cut-off value of NIHSS for predicting mortality and admission to ICU are 
18.5 (AUC=0.923)  and 12.5 (AUC=0.954), respectively. Each 1 unit increase in the NIHSS value 
increases the risk of admission to ICU and mortality 1.86 times and 1.43 times, respectively. 
Conclusion: This study revealed that stroke patients with COVID-19 had a higher risk for mortality 
and admission to ICU than non-COVID-19. The NIHSS value was a strong predictor  for mortality. 
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INTRODUCTION

COVID-19 is a pandemic that emerged at the end 
of 2019 and still affects many people worldwide 
today. Acute respiratory distress syndrome 
(ARDS), coagulopathy, multi-organ failure and 
death are the most common complications in 
severe COVID-19 disease.1  The incubation period 
of disease is approximately 5.8 days.2 The most 
severe period of the disease is usually between 
the first 7 -10 days.3-6 Cytokine storm, one of the 
most important pathogenesis of the disease, is 
known to result in  the release of rapid and high 
amounts of proinflammatory cytokines. Releasing 
of these cytokines and chemokines cause a severe 
inflammatory pathology in the body with great 
risks to mortality and morbidity of the patients.2 

Neurological complications, including stroke, 
movement disorders, motor and sensory deficits, 

ataxia, and seizures, are common in COVID-19 
inpatients.7 The incidence of cerebrovascular 
disease in COVID-19 patients is 0.7-5.1%, with 
the majority of patients having  ischemic stroke.8,9 
Altough it is known that COVID-19 is a cause of 
increasing the incidence of stroke, its effect  on 
prognosis and mortality are not fully understood. 
The aim of our study is to investigate how 
COVID-19 affect the mortality of stroke patients.

METHODS

This retrospective study was conducted at the 
University of Adana City Training and Research 
Hospital between March 1, 2020-December 31, 
2020. All patients who consulted neurology 
service in the Emergency Department were 
analysed retrospectively. Ethics committee 
approval was obtained for the study from 
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Cukurova University Faculty of Medicine Non-
Invasive Clinical Research Ethics Committee 
(decision number 108,  dated 12/02/2021).
	 To calculate the sample size according to the 
Cohen Guidelines (Cohen’s d), the medium size of 
0.5 effect size, 0.05 significance and 90% power 
was chosen, and the minimum sample size to be 
reached for the intervention group was calculated 
as at least 172.  
	 In this study the inclusion criteria were: (1) 
Patients with a nasopharyngeal swab sample, (2) 
inpatients followed up in the hospital, (3) patients 
over the age of 18 year, (4) patients with stroke 
proven by neuroimaging. Exclusion criteria were; 
(1) patients whose nasopharyngeal swab samples 
were not taken, (2) outpatients, (3) patients 
under the age of 18 year, (4) patients missing the 
parameters for this study, (5) patients who have 
been transferred to another hospital, (6) patients 
without stroke proven by neuroimaging.
	 All patients were divided into two main 
groups. Those  with negative RT-PCR tests 
were included in cerebrovascular disease (CVD) 
group. Those  with positive RT-PCR tests were 
included in cerebrovascular disease+COVID-19 
(CVD+COVID-19) group.
	 Each group was further divided into two 
subgroups; Ischemic stroke: Ischemia, sinüs 
vein thrombosis (SVT) and transient ischemic 
attack (TIA) are included; Hemorrhagic 
stroke: intracerebral hemorrhagic stroke (ICH), 
subarachnoidal hemorrhagic stroke (SAH), 
ICH+SAH were included.
	 The patients diagnosed with stroke were 
separated, and those who were analyzed with 
Reverse Transcriptase Polymerase Chain Reaction 
(RT-PCR) tests were included in the study. In 
addition, RT-PCR test results were searched 
from hospital database and anamnesis whether if 
they had COVID-19 before. Glucose, Creatinine, 
Albumin, CRP, ALT, AST, LDH, PT, INR, aPTT, 
Fibrinogen, procalcitonin, Troponin, D-Dimer, 
Ferritin, Leukocyte, Hb, Platelet, Neutrophil, 
Lymphocyte, and NLR were traced in the patients.
	 A number of scales are used in order to 
objectively evaluate the condition of the patients 
and to reveal their severity. In particular,  the 
NIHSS.1 It is most commonly used to measure 
the severity of a stroke and has 11 categories and 
a score ranging from 0 to 42. The highest score 
of 42 indicates the most severe and devastating 
stroke.
	 The statistical analysis was performed using 
IBM SPSS Statistics Version 23.0 (IBM, Armonk, 
NY, USA). Descriptive data were analyzed using 

frequency distributions expressed as percentages. 
The Kolmogorov-Smirnov test was used to check 
the normal distribution of quantitative data. 
Parametric tests were used for normally distributed 
data, and non-parametric tests were used for 
non-normally distributed data. Chi-Square, 
Independent T, Mann Whitney U, Correlation, 
and Binary Logistic Regression Analysis tests 
were used. The significance level was set at 
p < 0.05.
	 The same independent variables have been used 
for both mortality and ICU admission. Forward LR 
method was used in the study. The independent 
variables of the model were age, gender, comorbid 
diseases, leukocytes, lymphocytes, hemoglobin, 
NLR, ferritin, LDH, D-Dimer, ALT, AST, CRP, 
creatinine, hospitalization time, intensive care 
hospitalization status, NIHSS and CO-RADS 
classification. The dependent variable was 
mortality. 

RESULTS 

In our study, 6,872 patients who were seen in 
the Emergency Department and were consulted 
to the neurology clinic between March 1, 2020 
and December 31, 2020 at Adana City Training 
and Research Hospital were traced, 653 patients 
were diagnosed with stroke.  Due to the absence 
of PCR testing, incomplete biochemical test 
results, and referrals to another hospital, only 220 
out of the analyzed patients could be included 
in our study out of a total of 653 patients.There 
were 141 patients in ischemic CVD group and 61 
patients in CVD+COVID-19 group. Comparison 
data between two groups was given in Table 1.
	 Biochemical parameters based on patients 
diagnosed with ischemic stroke were examined 
and no significant difference was found between 
CVD group and CVD+COVID-19 group in terms 
of blood glucose, leukocyte, hemoglobin, blood 
creatinine, troponin, albumin, AST, ALT platelet 
and neutrophil levels. However, CRP, LDH, PT, 
INR, aPTT, fibrinogen, procalcitonin, D-Dimer, 
ferritin levels and N/L ratio were significantly 
higher in CVD+COVID-19 group than CVD group 
(Table 1). NIHSS values ​​were significantly higher 
in CVD+COVID-19 than CVD group (p<0.001).
	 In this study, all ischemic stroke patients were 
examined for  total hospitalization duration and 
ICU duration (Table 1). In CVD+COVID-19 
group both of the durations were significantly 
longer (p<0.001). The intensive care and mortality 
rates of the patients were also evaluated in this 
study. Both rates were significantly longer in 
CVD+COVID-19 group (p<0.001) (Table 2).
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	 ROC analysis of all ischemic patients were 
performed to determine the parameters that 
can be used to predict mortality and admission 
to ICU. Albumin and lymphocyte levels were 
intermediate diagnostic tests, and the NIHSS 
value was a very powerful assessment indicator for 
mortality (area under the curve 0.923) (Figure 2).
The optimum cut-off NIHSS value is 18.5 for 
the diagnosis of mortality and the sensitivity 
is 92.8%, the specificity is 85.4%. Predicting 

to admission to ICU.  NIHSS value was a very 
powerful assessment indicator for ICU (area under 
the curve 0.954) (Figure 3). The optimum cut-off 
NIHSS value is 12.5 and the sensitivity is 86.5%, 
the specificity is 94.7% .
	 In this study, it was found that the logistic 
regression analysis created to predict mortality is 
important. The independent variables of the model 
were age, gender, comorbid diseases, leukocytes, 
lymphocytes, hemoglobin, NLR, ferritin, 

Table 1: Group comparison between CVD and CVD+COVID-19 for patients with ischemic stroke

CVD CVD+COVID-19 p*
X±S.D X±S.D

Age 67.1±14.6 72.1±13.1 >0.05
Stroke day** - 8.49±6.8

ICU duration (day) 3.87±7.2 12.06±16.5 <0.001
Hospitalization duration (day) 6.9±7.15 15.13±16.2 0.001
NIHSS 14.73±7.93 20.57±6.19 <0.001

Biochemical parameters
CRP 39.44±74.79 89.6±94.00 ˂0.001
LDH 278.46±169.67 389.27± ˂0.001
PT 13.87±11.24 14.41±4.24 0.003
INR 1.04±0.26 1.09±0.38 0.001
APTT 23.59±3.89 29.86±31.36 0.017
Fibrinogen 305.13±179.95 456.31±173.84 ˂0.001
Procalcitonin 3.27±26.10 6.56±18.19 ˂0.001
Troponin 85.28±376.91 337.77±1174.12 ˂0.001
D-Dimer 2284.48±4604.61 4517.06±8997.46 0.001
Ferritin 192.80±334.12 813.95±2253.72 ˂0.001
NLR 8.50±20.33 12.75±13.53 ˂0.001
Total 141 61

*: Independent Sample T Test, CRP: C-reactive protein, LDH: Lactic acid dehidrogenase, PT: Prothrombin time, aPTT: 
Partial thromboplastin time, INR: International normalized ratio, NLR: Neutrophil/Lymphocyte ratio  CVD:Cerebrovascular 
disease, X: Mean, S.D: Standard deviation

Table 2: Mortality and intensive care rates in ischemic stroke

CVD
n (%) CVD+COVID-19 n(%) p*

ICU
Yes 70 (49.6) 56 (91.8)

˂0.001
No 71 (50.4) 5 (8.2)

Mortality
Yes 34 (24.1) 34 (55.7)

˂0.001
No 107 (75.9) 27 (44.3)

Total 141 (100.0) 61 (100.0)

*: Chi-Square Test, CVD:Cerebrovascular disease.
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Tables and Figures 
 

 
Figure 1. Patient groups 
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LDH, D-Dimer, ALT, AST, CRP, creatinine, 
hospitalization time, ICU hospitalization status, 
NIHSS and CO-RADS classification. The 
dependent variable was mortality. Forward LR 
method was used in the study. Albumin, NIHSS 
and lymphocyte parameters were significantly 
remarkable in the model. Independent variables 
explain 72.1 percent of the change in dependent 
variables, and the most important explanatory 
variable in the model is NIHSS (66%). The most 
obvious sign is per 1 unit increase in the NIHSS 
values increases the mortality risk 1.43 times 
(Table 3). 
	 Logistic regression analysis was found to be 
important to estimate the rate of intensive care unit 
admission (Table 3). Albumin, NIHSS and LDH 
parameters were found to contribute significantly 
to the model. Independent variables explain 
82.5% of the change in dependent variables, and 
the most important explanatory variable in the 
model was NIHSS (79%). Per 1 unit increase in 
albumin levels reduces the risk of intensive care 
hospitalization by 1.14 times (14%) (OR=0.870), 
per 1 units in LDH levels increases the risk 1.005 
times. The most obvious parameter was NIHSS 
and per 1 unit increases the risk 1.86 times.

DISCUSSION

Globally, stroke is the third reason of death 
and the first cause of disability.2 Incidence of 
cerebrovascular disease in COVID-19 patients 

varies between 0.7-5.1% and the majority of cases 
are ischemic stroke.3,4 In this study COVID-19 was 
diagnosed in 30.9% of 220 stroke patients, and 
43.2% in ischemic stroke. Katz et al, compared 
86 patients with COVID-19 and 499 patients with 
stroke without COVID-19 they found that stroke 
was an independent risk factor for mortality.5 

	 Primarily the main reason of neuronal damage 
is caused by the systemic inflammatory response 
triggered by the virus rather than infection. 
Autopsy studies have not been able to definitively 
show that the virus directly affects cerebral 
vessels. However, significant potential evidence 
was obtained in favor of endothelitis secondary 
to direct endothelial invasion in organs such as 
kidney, lung, heart, and liver.6,7 

	 In our study the age of ischemic stroke was 
not a significant difference between the groups. 
According to the United States stroke registry, 
the mean age of ischemic stroke is 658, the mean 
age of stroke was 68 year in COVID-19 patients 
and 71 years in non-COVID-19 stroke patients.9 

In this study we found the age of stroke for our 
patient was similar to that reported in the literature. 
Considering the health aspect, elderly ages have 
a risk in terms of the prognosis of COVID-19. 
Therefore, early diagnosis and strict isolation of 
cases over 60 age may be effective in reducing 
the rate of spread of the infection.
	 Percentage of the male patients were higher in 
CVD and CVD+COVID-19 groups but there was 
no statistical difference between the two groups 

Table 3: Logistic regression analysis for ischemic stroke patients

Mortality model
B p O.R. 95% C.I.

Parameters Lower Upper

Albumin -0,158 0,003 0,854 0,768 0,949

Lymphocyte -0,623 0,046 0,536 0,291 0,990

NIHSS 0,363 <0,001 1,437 1,301 1,587

Constant -1,060 0,549 0,347

Intensive care unit model
B p O.R. 95% C.I.

Parameters Lower Upper

Albumin -0,140 0,042 0,870 0,760 0,995

LDH 0,005 0,012 1,005 1,001 1,010

NIHSS 0,621 <0,001 1,862 1,513 2,291

CVD+COVID 1,540 0,039 4,680 1,083 20,226

Constant -3,851 0,124 0,021

CI: Confidence interval NIHSS: National Institutes of Health Stroke Scale
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in terms of gender distribution for both men and 
women. Although stroke is more common in 
men in most studies10, in some studies there is 
no difference according  to gender.11

	 In previous studies in ischemic stroke patients, 
early mortality was commonly associated with 
high NLR values.12,13 In the study by Tokgöz et 
al., it was found that increased infarct volume in 
ischemic stroke was significant for early mortality 
and NLR showed a positive correlation with infarct 
volume.13 The authors  suggested that NLR was 
a predictor for prognosis in ischemic stroke.12 In 
our study, the NLR rate was significantly higher 
in CVD +COVID-19 group than in CVD group 
for ischemic stroke.
	 A few studies have shown that there was an 
association between the risk of first ischemic 
stroke and CRP levels in healthy individuals.13-15 
However, if CRP levels were evaluated together 
with vascular risk factors, these levels failed to 
show the real risk ratio.14 In our study of ischemic 
patients, the mean CRP value was significantly 
higher in CVD+COVID-19 group It is possible 
to obtain high CRP levels in the inflammatory 
process peaks, such as COVID-19.
	 Three large studies indicated that high 
procalcitonin levels were associated with 
poor prognostic outcomes.13 In our study, 
procalcitonin levels were significantly higher 
in CVD+COVID-19 group and this result can 
be associate with COVID-19, which initiates 
the inflammatory process with many different 
mechanisms.
	 It is known that the elevation of ferritin, which 
is an acute phase reactant in acute infections 
and tissue damage, is prognostic factor in many 
cases. It is also recommended to be used in the 
follow-up of COVID-19. In the study of Chen 
et al., ferritin level was 557.96 (300.78-968.50) 
ng/mL in patients who survived and 1274.80 
(739.57-2000.00) ng/mL in patients who died.16 

In our study, ferritin was significantly higher 
in the ischemic CVD+COVID-19 group than 
in the ischemic CVD group. Evidence suggests 
that severely clinical COVID-19 cases exhibit 
systemic inflammatory reaction features such as 
hyperferritinemia.
	 Although D-Dimer has proven itself most 
prominently in cancer hypercoagulability, it is 
also important in increasing the risk of stroke in 
cardiac embolisms.19 D-Dimer, which indicates 
the coagulation state, increases the risk of stroke, 
as well as anti-cardiolipin antibody levels, 
inflammatory effects of the virus and endothelial 
damage by activating thrombotic pathways.3,4,20 

The risk of thrombosis is higher in patients with 
COVID-19, the risk rises up to 31%, and the risk 
of pulmonary embolism increases proportionally.21 
It has been reported that high D-Dimer level 
can be used as a prognostic factor in the early 
period in severe COVID-19 patient cases.22 
High D-Dimer levels have been associated with 
a poor prognosis in stroke in many studies.23 
In our study, D-Dimer levels were significantly 
higher in CVD+COVID-19 group than in CVD 
group, and a significant increase continued in the 
ischemic stroke-based comparison. In addition, 
PT, aPTT, INR and fibrinogen levels, which are 
another coagulation indicators, were high in the 
CVD+COVID-19 group. This situation reveals 
that COVID-19 is an important disease causing 
coagulopathy. 
	 COVID-19 progressed more seriously in 
patients with high LDH levels and this condition 
is correlated with mortality.24 LDH levels were 
higher in the patient in intensive care.25 In our 
study, LDH levels were significantly higher in the 
CVD+COVID-19 group and statistically higher 
in ischemic stroke patients-based comparison.
	 NIHSS is the parameter that gives the most 
accurate results in determining the early prognosis 
of stroke patients.26 In previous studies NIHSS 
score was high in COVID-19 patients who had 
a stroke.26 In our study NIHSS was significantly 
higher in the ischemic CVD+COVID-19 group. 
	 Although stroke often occured 1-3 weeks 
after the onset of COVID-19 symptoms, a small 
proportion  of patients has stroke symptoms 
at the onset of hospitalization.5,27-29 Increased 
inflammation in severe infection causes secondary 
thrombosis so that the risk for ischemic stroke 
increases significantly within the first 30 days 
after hospitalization of these patients.30 

	 In this study the mean of ischemic stroke day 
was 8.49±6.8in patients with COVID-19. Duration 
of ICU and total hospitalization duration were 
significantly longer in CVD+COVID-19 group. 
Considering the hospitalization duration, it can 
be predicted that COVID-19 will have physical, 
mental and economic effects.
	 It has been demonstrated that the NIHSS has 
a perfect specificity and sensitivity in prognosis 
assessment.31 Mortality and disability were 
proportional with high NIHSS in the previous 
studies.31 In another study mortality rate was 
34% in strokes with COVID-19 for inpatients.8 In 
our study for ischemic stroke patients, mortality 
rate were 28.9% and 57.4%  in CVD group and 
CVD+COVID-19 group, respectively. Mortality 
rate was signficantly higher in CVD+COVID-19 
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group.
	 In our study albumin, NIHSS and lymphocyte 
was the most predictor independent paramaterers 
that could be affect on mortality. In the roc analysis 
to determine the parameters that can be used to 
predict the mortality, albumin and lymphocyte 
levels were intermediate diagnostic tests, but 
NIHSS score was a very powerful diagnostic test, 
and the optimum cut-off value we recommend for 
the diagnosis of mortality is 18.5 for NIHSS. The 
sensitivity for this value is 92.8%, the specificity 
is 85.4%.
	 There were some limitations of this study. 
Our study was single-centered and hosptial-
based. We have not analysed any COVID-19 
patients without stroke. Although we searched 
the objective medical database for a long period 
and we think that the aim of our study is very 
important to uncover the causes of stroke that is 
the most disability disease. Also this study have 
some Potentials to contribute to science on the 
effects of COVID-19, which has been declared 
a pandemic today.
	 In conclusion, according to the results of our 
study, the addition of COVID-19 infection in 
patients with ischemic stroke leads to a worsening 
of the disease prognosis. COVID-19 positive 
iscemic stroke patients have higher rates of 
intensive care unit admissions and mortality. The 
NIHSS score is a strong predictor for prognosis, 
and evaluating patients at the time of presentation 
can be helpful in the management of clinical 
outcomes.
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