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Abstract: Most patients with COVID-19 present with constitutional and respiratory symptoms and some with atypical gastrointestinal, 

cardiovascular, or neurological manifestations. Recent studies suggest that there are neurologic manifestations of COVID-19, including 

acute cerebrovascular disease (CVD). The aim of this study is to find out any evidence of COVID-19 related stroke. Radiologic studies of 

the patients admitted to the emergency department (ED) of our center from March 11 Th to June 10 Th 2020, with acute stroke 

symptoms and of whom the acute cerebrovascular disease is confirmed by Computed Tomography (CT) and/or Magnetic Resonance 

Imaging (MRI) are searched retrospectively. CT Angiography (CTA) and MR Angiography (MRA) studies obtained for stroke 

management, searched for acute thromboembolism. We noticed some radiologic evidence of acute cerebrovascular disease in 56 

patients of 528 patients admitted with immediate neurological symptoms. 11 (19.64 %) of these patients who were not diagnosed 

before, proved to be simultaneous COVID-19 infection with laboratory tests and/or thorax CT. It was noteworthy that these 11 patients 

presented with an acute cerebrovascular event supported by neurological and radiological findings instead of the well-known 

constitutional or respiratory symptoms of COVID 19 infection. 45 (80.35 %) patients were negative for COVID-19 infection. CT /or MR 

Angiography demonstrated carotid or intracranial major arterial thromboembolism in 5 (11.1 %) of the non-COVID-19 patients and 5 

(45.4 %) of the simultaneous COVID-19 disease diagnosed ones.  COVID19 positive 5 patients presented with acute internal carotid 

artery (ICA) or major ICA branch thrombosis at the first stage of COVID-19 infection, rather than a complication of the serious lung 

disease or a component of multiorgan disfunction related COVID-19. Acute cerebrovascular disease symptoms bringing patients to the 

ED instead of the respiratory symptoms, aroused high suspicion of the direct neuropathy and early coagulopathy effect of the virus. 

COVID- 19 disease, itself thought to be a great risk factor for stroke alone. Even in initial cases and in cases where COVID-19 infection 

do not show a severe and fatal course, stimulation in the coagulation cascade in the early stages, increased the risk of acute stroke. 
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1. Introduction 
Corona Virus Disease 2019 (COVID-19) caused by the 

novel severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) has become a worldwide pandemic since 

the first reports identified in December 2019 Wuhan, 

Hubei Province, China. On March 11 2020, the World 

Health Organization (WHO) declared the infection of 

SARS-CoV-2 as a pandemic (Phelan et al., 2020; Cucinotta 

and Vanelli, 2020). Symptoms of SARS-Cov2 infection 

range from asymptomatic disease to life-threatening 

acute respiratory distress syndrome (ARDS), severe 

pneumonia, acute kidney injury, myocarditis, multi-organ 

failure and death (Huang et al., 2020). 

There is a growing body of published evidence that 

complications of COVID-19 include a wide range of 

neurologic manifestations, such as acute cerebral infarcts 

(Mao et al., 2020; Helms et al.,2020). However, multiple 

reports have raised concerns about the virus’ tendency to 

invade the central nervous system (CNS). Evidence of 

cerebrovascular complications associated with SARS-

CoV-2 is limited, but previous reports from the SARS 

epidemic in Asia in 2003 suggested a higher incidence of 

thromboembolic complications, including stroke 

(Umapathi et al., 2004). 

The aim of our study is to answer questions 1) Is SARS-

Cov2 a neuropathic virus same like the previous 

coronaviruses caused SARS and MERS epidemic? 2) Can 

SARS-Cov2 cause direct coagulopathy effect on CNS 

vessels without serious lung disease and multiorgan 

dysfunction? 

 

2. Material and Methods 
We searched the hospital (İstinye University Bahçeşehir 

Liv Hospital) database of three months of pandemic 

disease from March 11 Th to June 10 Th, for patients 

admitted to emergency department who presented with 

acute stroke symptoms. The laboratory test results, 

thorax CT images, cranial MR and/or CT images and 

carotid/cerebral CTA or MRA of the individuals reviewed 

from the database retrospectively.   

All radiological images were evaluated independently by 

two radiologists and patients with consensus were 
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included in the study. Patients admitted to the ED with 

radiological evidences of acute cerebrovascular disease 

and concomitant features of COVID-19 infection included. 

Patients with acute cerebrovascular disease as a 

component of previously diagnosed COVID-19 infection 

related multiorgan dysfunction excluded from the study. 

Demographic data (age, gender) noted. With respect to 

the common risk factors for stroke, the coexistence of 

hypertension, diabetes mellitus, hypercholesterolemia, 

coronary heart disease and smoking had been 

investigated for all patients at admission and the data of 

these risk factors were collected from records. Clinical 

course of all individuals noted. 

Patients were imaged at 1.5 T Philips Ingenia MRI system 

equipped with a head coil (Philips dS headneck coil 8 

channel), for angiography studies a total amount of 14 ml 

Dotarem ® 0.5 mmol/ml (Gadoteric acid, Guerbet BP 

57400, 95943 Roissy, CdG Cedex, France) admitted with 

2 ml/ sec. 

CT images performed at Philips Ingenuity 128 multi-slice 

CT. CTA contrast agent Kopaq ® 300mg I/ml (Ioheksol, 

Pharmavision San. ve Tic. A.Ş. Davutpaşa Cad. No: 145 

34010 Topkapı/İstanbul Turkey) admitted totally 50 ml 

with 4ml/sec. Precautions (oxygen support unit, IV 

adrenalin, corticosteroids and antihistaminic agents) 

were already prepared before contrast media admitted 

MRA and CTA. 

2.1. Ethical Consideration 

All procedures were performed in accordance with the 

institutional ethics committee and the Declaration of 

Helsinki. İstinye University Ethics Committee has 

approved the study with the number 2017-KAEK-120 

/2/2020.G-069. 

 

3. Results 
In our center, from March 11 th to June 10 th 2020, 526 

patients admitted with symptoms suspected for stroke 

and 56 of them diagnosed as acute cerebrovascular 

disease proven with cerebral MRI or CT. Acute neurologic 

symptoms of the patients were altered mental status, 

slurred speech or hemiparesis. 11 (19.64%) of the 56 

stroke patients were also with suspicious clinical and 

chest imaging findings for COVID-19 infection.  As a 

result of the physical and laboratory examinations 

performed at the time of admission to the hospital, it was 

understood that these patients were also infected with 

SARS CoV-2 and were unaware of this situation. The 

reason that brought these 11 patients to the hospital was 

acute neurological findings rather than well-known 

respiratory symptoms for COVID- 19 infection. 45 

(80.35%) of the radiologically proven stroke patients 

were negative for COVID-19 infection. 

Focusing on these COVID-19 infected 11 patients, 

Polymerase Chain Reaction test (PCR) from nasal swap 

results were positive for 8, viral antibody IgM was 

positive in blood analysis for 1, IgG positive for 1 and one 

patient was negative for PCR but CT imaging and clinical 

manifestation were significant for the coronavirus 

infection. The common risk factors of stroke for two 

group summarized in Table 1. 

 

Table1. Common risk factors for stroke in COVID-19 

positive and negative group 
 

Stroke Risk Factor Covid-19 (+) 

group, n (%) 

Covid-19 (-) 

group, n (%) 

Hypertension 5 (45.4%) 23 (51.1%) 

Diabetes Mellitus 3 (27.2%) 9 (20 %) 

Coronary Heart 

Disease 
2 (18.1%) 10 (22.2%) 

Previous 

Cerebrovascular 

Disease 

2 (18.1%) 8 (14.2%) 

Smoking 1 (9.09%) 3 (6.6%) 

Story of Previous 

Malignancy 
- 4 (8.8%) 

No Known Risk Factor 2 (18.1%) 11 (24.4%) 

 

Chest CT findings of 9 COVID-19 positive patients were 

pathognomonic with ground glass opacities of whom 2 

with bilateral, 7 with unilateral lung involvement. 2 

patients’ chest CT images were not typical for COVID-19 

pneumonia. Chest CT findings of Covid-19 positive 

patients summarized in Table 2. 

 

Table 2. Chest CT findings of 9 COVID-19 positive 

patients 
 

Chest CT Findings Number of 

patients 

% 

Unilateral focal ground glass  3 27.27 

Bilateral multiple ground glass  4 36.36 

Consolidation 2 18.18 

No specific finding 2 18.18 

Total 11 99.9 

 

We did not find a specific infarct pattern in the brain 

radiological images of COVID-19 positive patients. In the 

COVID-19 positive stroke group, all the patients had 

ischemic infarcts while none of them had hemorrhage. 

There was no evidence of specific area infarct pattern. 

Acute infarct findings observed in patients' CT and MRIs’ 

are as summarized in the Table 3. 

 

Table 3. Cranial CT/MR findings of patients 

Infarct patterns COVID-19 (+) 

group 

n (%) 

COVID-19 

(-) group 

n (%) 

Single millimetric focus 2 (18.1%) 11 (24.4%) 

Multiple millimetric 

focus 
5 (45.4%) 15 (33.3%) 

Territorial 3 (27.2%) 17 (37.7%) 

Cortical watershed zone 1 (9.09%) 1 (2.2 %) 

Hemorrhagic - 1 (2.2 %) 

Total 11 (99.79%) 45 (99.8%) 
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Overall, 52 stroke patients also underwent contrast 

enhanced carotid CT or MRI angiography for diagnostic 

purposes. 10 patients belonged to COVID-19 positive 

stroke group and 42 patients belonged to non-COVID-19 

stroke group. Contrast enhanced CT or MR Angiography 

results of COVID-19 positive stroke group are 

summarized in Table 4. 

 

Table 4. CTA / MRA findings of COVID-19 positive stroke 

group 
 

CTA/MRA findings Number of 

patients 

Percentage 

Total internal carotid 

artery (ICA) occlusion 
4 36.36 

Total middle cerebral 

artery (MCA) occlusion 
1 9.09 

Non-stenotic atheroma 

plaque 
1 9.09 

Normal CTA/MRA 4 36.36 

No CTA/MRA, normal 

vascular signal void in 

MRI 

1 9.09 

Total 11 100 

 

Acute internal carotid artery (ICA) or major ICA branch 

thrombus was proven in totally 10 (19.23%) patients 

with CTA/MRA. Of these 10 patients, 5 were COVID-19 

positive and 5 were not. In summary, acute ICA or major 

ICA branch thrombus was proven in 5 (10.6%) of 42 

COVID-19 negative patients and 5 (45.4%) of 10 COVID-

19 positive patients. 

When we compared the radiologically proven ICA or 

major branch thromboembolism rate in COVID-19 

positive patients with the rate of thromboembolism in 

negative patients, we found that COVID-19 positive 

patients had a remarkably higher rate. We used the 

Pearson chi-square test to answer the question of 

whether we can establish a significant statistical 

connection between COVID-19 infection and the 

development of carotid artery thromboembolism. 

Depending on the Pearson Chi-Square test, calculated P 

value: 0.0076 (P<0.05) which showed a significant 

relation between COVID-19 infection and carotid 

thrombus.  

Some imaging samples of patients are shown in the 

following, Figures 1 to 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. 83 years male, application with slurred speech. 

PCR test of the nasal swap is positive. a) ADC map and 

Diffusion weighted MRI show millimeter-sized cortical 

acute infarct in the left frontal lobe, b) 3D Reformation of 

Contrast admitted CT angiography shows total occlusion 

of Left ICA from the origin, c) Chest CT image 

demonstrate localized ground-glass opacities in the 

upper lobe posterior of the right lung. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 46 years male, application with right 

hemiparesis. PCR test of the nasal swap is positive. a) CT 

perfusion image, acute infarct in the left MCA territory, b) 

Chest CT, bilateral parenchymal consolidation. 
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Figure 3. 55 years female, application with speech loss, 

PCR test is positive. is shown in CTA. a) DWI and ADC 

images shows bilateral acute infarcts, b) CTA image 

shows left total ICA occlusion from the origin, c) Chest CT 

with non-specific findings. 

 

4. Discussion 
In a case study with 214 patients with confirmed COVID-

19 infections, 36.4% showed neurological symptoms 

such as dizziness, headache and confusion, with 5.7% of 

these patients having cerebrovascular disease, including 

ischemic stroke and intracerebral hemorrhage (Mao et 

al., 2020). 

In a study by Li et al. (2020) of 219 patients with COVID-

19, 10 (4.6%) developed acute ischemic stroke and 1 

(0.5%) had intracerebral hemorrhage. COVID-19 with 

new onset of CVD were significantly older, and were 

more likely to have cardiovascular risk factors, including 

hypertension, diabetes and medical history of CVD. 

Average time of onset of stroke after COVID-19 diagnosis 

was 12 days. 

In our study, 11 patients did not have any diagnose of 

COVID-19 infection before acute cerebrovascular disease 

presentation. The initial symptom was stroke and with 

suspicious symptoms, COVID-19 infection was 

investigated and proven with nasal swap PCR/ blood 

antibody test or thorax CT. Cerebrovascular disease was 

not a component of COVID-19 related multiple organ 

failure.  Recently Avula et al. (2020) presented four cases 

with a cerebrovascular disease in early stages of their 

illness COVID-19. Similar to this study, we believe COVID-

19 increases the risk of CVD.   

A number of potential mechanisms by which COVID-19 

might increase stroke risk have been identified in the 

literature. These include hypercoagulability as evidenced 

by raised D-dimer levels (Mao et al., 2020), exaggerated 

systemic inflammation or a “cytokine storm” (Mehta et 

al., 2020) and cardio embolism from virus-related cardiac 

injury (Akhmerov and Marban, 2020). Direct viral 

invasion of the nervous system could also contribute and 

there may be direct cerebral effects, such as acute 

hemorrhagic necrotizing encephalopathy (Poyiadji et al., 

2020). 

Most coronavirus are neurotropic, similarly few studies 

speculate that SARS-CoV-2 is also neurotropic (Steardo et 

al., 2020). Furthermore, there are reports of SARS-CoV-2 

being identified in cerebrospinal fluid by PCR (Moriguchi 

et al., 2020). 

Angiotensin converting enzyme-2 (ACE) receptors 

presenting on the nervous system might be the main 

entry points for SARS-Cov-2 (Steardo et al., 2020) ACE 2 

receptors are found not only in the alveolar epithelial 

cells of the lungs but also in the vascular endothelium. 

(Poyiadji et al., 2020) Therefore, patients with severe 

COVID-19 may be at risk of thrombogenesis and cerebral 

ischemia due to both biochemical hypercoagulable states 

and direct vascular endothelial injury.   

Elevated levels of CRP and D-dimer-a product of fibrin 

clot degradation, indicating a high inflammatory state 

and abnormalities with the coagulation cascade, 

respectively, might play a role in the pathophysiology of 

stroke in the setting of COVID-19 infection (Li et al., 

2020). In published reports on SARS-CoV-2, a cytokine 

storm has been postulated, (Phelan et al., 2020; Steardo 

et al., 2020) which could result in cerebrovascular 

disease. Furthermore, severe cases of covid-19 have 

shown elevated D-dimer levels and thrombocytopenia, 

rendering patients prone to cerebrovascular events, both 

thrombotic and hemorrhagic (Moriguchi et al., 2020; 

Zhou et al., 2020). 

Another study looking at activated partial 

thromboplastin time-based clot waveform analysis 

(CWA) in COVID-19 patients concluded that CWA 

parameters demonstrate hypercoagulability that 

precedes or coincides with severe illness Multiple reports 

of pulmonary embolism are currently available in the 

literature (Ge et al., 2020; Xia et al., 2020). 

9 of our COVID-19 positive CVD patients had relatively 

mild respiratory symptoms without progression to ARDS 

or severe disease consequent to multiorgan dysfunction. 

3 patients were completely healthy before the situation 

without any known risk for stroke. 

Internal carotid artery or major ICA branch thrombus 

was found in 5 (10.6%) of COVID-19 negative patients 

and 5 (45.4%) of COVID-19 positive patients with 

cerebrovascular disease. Depending on the Pearson Chi-

Square test, calculated P value: 0.0076 (P<0.05), showed 

a significant relation between COVID-19 infection and 

carotid thrombus. The restriction of our study is the 

small number of total and COVID-19 positive patients. 

This can be explained with the overall reduction of stroke 

patients during the pandemic. The number of people 

evaluated for signs of stroke at U.S. hospitals has dropped 
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by nearly 40% during the COVID-19 pandemic, according 

to a study led by researchers from Washington 

University School of Medicine in St. Louis who analyzed 

stroke evaluations at more than 800 hospitals across 49 

states and the District of Columbia. (Kansagra et al., 

2020). 

The pathophysiology behind the cerebrovascular 

accidents is still to be determined. (Akhmerov et al., 

2020; Moriguchi et al., 2020). The pathologic mechanism 

of stroke may be related to viruses attached to ACE-2 

receptors causing direct injury effect on endothelial cells 

which consequences to local coagulopathy in 

microcirculation. 
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