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Abstract: Summary

Background

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Apart from respiratory
complications, acute cerebrovascular disease (CVD) has been observed in some
patients with COVID-19. Therefore, we described the clinical characteristics, laboratory
features, treatment, and outcomes of CVD complicating SARS-CoV-2 infection.

Methods

We conducted a single center, retrospective, observational analysis of consecutive
COVID-19 patients admitted to Union Hospital, Wuhan, China from 16 January 2020 to
29 February 2020. Demographic and clinical characteristics, laboratory findings,
treatments, and clinical outcomes were extracted from electronic medical records and
compared between COVID-19 patients with and without new onset of CVD.

Results

Of 221 patients with COVID-19, 11 (5%) developed acute ischemic stroke, 1 (0·5%)
cerebral venous sinus thrombosis (CVST), and 1 (0·5%) cerebral hemorrhage. COVID-
19 with new onset of CVD were significantly older (71·6 ± 15·7 years vs 52·1 ± 15·3
years; p<0·05), more likely to present with severe COVID-19 (84·6% vs. 39·9%,
p<0·01) and were more likely to have cardiovascular risk factors, including
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hypertension, diabetes, and previous medical history of cerebrovascular disease (all
p<0·05). In addition, they were more likely to have increased inflammatory response
and hypercoagulable state as reflected in C-reaction protein (51·1 [1·3-127·9] vs 12.1
[0·1-212·0] mg/L, p<0·01) and D-dimer (6.9 [0·3-20·0] vs 0.5 [0·1-20·0] mg/L, p<0·001).
Of 11 patients with ischemic stroke, 6 received antiplatelet treatment with Aspirin or
Clopidogrel and 3 of them died. The other 5 patients received anticoagulant treatment
with Clexane and one of them died. As of Feb 29, 2020, 5 patients with CVD died
(38%).

Conclusions

Acute cerebrovascular disease is not uncommon in COVID-19. Our findings suggest
that older patients with risk factors are more likely to develop CVD. The development of
CVD is an important negative prognostic factor, which require further study to identify
optimal management strategy to combat the COVID-19 outbreak.
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Summary 

 

Background: Coronavirus disease 2019 (COVID-19) is an infectious disease caused by Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Apart from respiratory complications, acute 

cerebrovascular disease (CVD) has been observed in some patients with COVID-19. Therefore, we 

described the clinical characteristics, laboratory features, treatment, and outcomes of CVD 

complicating SARS-CoV-2 infection. 

 

Methods: We conducted a single center, retrospective, observational analysis of consecutive COVID-

19 patients admitted to Union Hospital, Wuhan, China from 16 January 2020 to 29 February 2020. 

Demographic and clinical characteristics, laboratory findings, treatments, and clinical outcomes were 

extracted from electronic medical records and compared between COVID-19 patients with and without 

new onset of CVD.  

 

Results: Of 221 patients with COVID-19, 11 (5%) developed acute ischemic stroke, 1 (0·5%) cerebral 

venous sinus thrombosis (CVST), and 1 (0·5%) cerebral hemorrhage. COVID-19 with new onset of 

CVD were significantly older (71·6 ± 15·7 years vs 52·1 ± 15·3 years; p<0·05), more likely to present 

with severe COVID-19 (84·6% vs. 39·9%, p<0·01) and were more likely to have cardiovascular risk 

factors, including hypertension, diabetes, and previous medical history of cerebrovascular disease (all 

p<0·05). In addition, they were more likely to have increased inflammatory response and 

hypercoagulable state as reflected in C-reaction protein (51·1 [1·3-127·9] vs 12.1 [0·1-212·0] mg/L, 

p<0·01) and D-dimer (6.9 [0·3-20·0] vs 0.5 [0·1-20·0] mg/L, p<0·001). Of 11 patients with ischemic 

stroke, 6 received antiplatelet treatment with Aspirin or Clopidogrel and 3 of them died. The other 5 
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patients received anticoagulant treatment with Clexane and one of them died. As of Feb 29, 2020, 5 

patients with CVD died (38%). 

 

Conclusions: Acute cerebrovascular disease is not uncommon in COVID-19. Our findings suggest that 

older patients with risk factors are more likely to develop CVD. The development of CVD is an 

important negative prognostic factor, which require further study to identify optimal management 

strategy to combat the COVID-19 outbreak.  

 

Funding: None.  
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Introduction 

Since the identification of the first case of SARS-CoV-2 infection in Wuhan in December 2019,1 As of 

29 Feb. 2020, the number of laboratory-confirmed COVID-19 cases has exceeded 85403 cases 

globally, of which 79394 in China. 2 The spectrum of the clinical presentation of COVID-19 patients 

very considerably, ranging from asymptomatic infection, to severe pneumonia that may lead to 

respiratory failure and death.3 

We recently reported the clinical manifestations and outcome in 214 patients with COVID-19 infection 

and found severe patients commonly had neurologic symptoms including consciousness impairment 

(14·8%) and skeletal muscle symptoms (19·3%). 4 Previous study has suggested that bacterial and/or 

viral infection may be a trigger for acute ischemic stroke, probably related to the prothrombotic effect 

of the inflammatory response. 5 However, there is sparse information regarding acute cerebrovascular 

disease (CVD) following COVID-19 infection. Accordingly, here we reported 13 cases who suffered 

from a SARS-CoV-2 infection and developed a sudden-onset of cerebrovascular diseases. We described 

clinical characteristics, treatment strategy, and outcomes between COVID-19 with and without new 

onset with cerebrovascular disease.    

 

Methods 

This was a single-center retrospective study. A total of 221 consecutive patients with confirmed COVID-

19 admitted to the Union Hospital of Huazhong University of Science and Technology between January 

16 and February 29, 2020 were included in this analysis. Union Hospital, located in the endemic areas 

of COVID-19 in Wuhan, Hubei Province, is one of the major tertiary healthcare system and teaching 

hospitals in the region and has been designated by the government as a COVID-19 care hospital since 
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the outbreak, responsible for the treatments for SARS-CoV-2 infection as designated. All patients with 

COVID-19 in this study were diagnosed according to the WHO interim guideline,6 with respiratory 

symptom, SARS-CoV-2 RT-PCR positive in throat swab, and viral-like pneumonia in chest CT. 7 The 

date of 214 patients with COVID-19 had been published in our previous paper.4 The study was performed 

in accordance to the principles of the Declaration of Helsinki and was approved by the Research Ethics 

Committee of Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China. 

Verbal consent was obtained from patients before the enrollment. 

The demographic characteristics, medical history, symptoms, clinical signs, laboratory findings, chest 

computed tomographic (CT) scan findings were extracted from electronic medical records. The data 

were reviewed by a trained team of physicians. Each cases of stroke diagnose was confirmed by brain 

CT and CVST diagnose was made by CT venography (CTV). All neurological symptoms were 

reviewed and confirmed by two trained neurologists. The date of disease onset was defined as the day 

when the symptom was noticed. The severity of COVID-19 was defined by the international guidelines 

for community-acquired pneumonia. 8 Throat swab samples were collected and placed into a collection 

tube containing preservation solution for the virus. 7 SARS-CoV-2 infection was confirmed by real-

time RT- PCR assay using a SARS-CoV-2 nucleic acid detection kit according to the manufacturer’s 

protocol (Shanghai bio-germ Medical Technology Co Ltd). The types of stroke were classified by the 

TOAST classification, including largeartery stenosis, small vessel occlusion, cardioembolic, unkown 

and other stroke cause. 

 

Statistical Analysis 
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Continuous variables were described as means and standard deviations, or medians and interquartile 

range (IQR) values between patients with or without new onset of CVD. Categorical variables were 

expressed as counts and percentages. Continuous variables were compared by using the unpaired 

Wilcoxon rank-sum test. Proportions for categorical variables were compared using the χ2 test. All 

statistical analyses were performed using R (version 3.3.0) software, with p<0·05 considered as 

statistically significant. 

 

Results 

Of 221 patients with confirmed SARS-CoV-2, 13 (5·9%) developed new onset of CVD following 

COVID infection. Their demographic and clinical characteristics were shown in Table 1. Of these 

patients, 11 (84·6%) were diagnosed as ischemic stroke, 1 (7·7%) cerebral venous sinus thrombosis 

and 1 (7·7%) cerebral hemorrhage. Representative brain and chest images of number 2 patient with 

ischemic stroke, number 12 patient with cerebral venous sinus thrombosis and number 13 patient with 

cerebral hemorrhage were shown in Figure 1. Except for one patient with cerebral venous sinus 

thrombosis (age 32 years), age ranged from 57 to 91 years (median 73·5 [IQR 57-91]). Six (46·2%) 

were female. Five (38·5%) patients had smoking history and 2 (15.4%) patients had drinking history, 

respectively. Seven (53·8%) patients had increased blood pressure (≥130/80 mmHg) and 10 (76·9%) 

had elevated fasting blood glucose levels (＞6·1 mmol/L) at admission of CVD. The median durations 

from first symptoms of SARS-CoV-2 infection to CVD were 10 days (IQR 1-29). Of the 11 patients 

with ischemic stroke, five were large vessel stenosis, 3 were small vessel occlusion and 3 were 

cardioembolic type according to TOAST classification. All of these patients were combined with 

increased inflammatory response and hypercoagulable state. The choice of treatment for ischemic 
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stroke (Antiplatelet/Anticoagulant) was determined by physicians according to the comprehensive 

judgment of TOAST classification, clinical syndrome and laboratory findings. 

 

Table 2 shows the clinical characteristics between COVID-19 patients with CVD and those without 

CVD. COVID-19 with new onset of CVD were significantly older (71·6 ± 15·7 years vs 52·1 ± 15·3 

years; p<0·05) and were more likely to present with severe COVID-19 (84·6% vs. 39·9%, p<0·01). 

Moreover, patients with CVD were more likely to have other underlying disorders, including 

hypertension (69·2%vs 22·1%, p<0·001), and diabetes mellitus (46·2% vs 12·0%, all p<0·01), which 

were the common risk factors of CVD. 

 

Table 3 showed the laboratory findings in COVID-19 patients with or without CVD. Patients with 

CVD had more increased inflammatory response, including higher white blood cell (median 7.7 [IQR 

3·9-17·5] vs 4·9 [0·1-20·4] × 109/L, p<0·001), neutrophil counts (6·8 [0·0-15·3] vs 3·0 [0·0-18·7] × 

109/L, p<0·001), and C-reaction protein levels (51·1 [1·3-127·9] vs 12·1 [0·1-212·0] mg/L, p<0·01), 

but lower lymphocyte counts (0·6 [0·3-1·2] vs 1.1 [0·1-2·6] x109L, p<0·001), suggesting presence of 

immunosuppression. Patients with CVD also had higher D-dimer levels (6.9 [0·3-20·0] vs 0·5 [0·1-

20·0] mg/L, p<0·001), indicating the hypercoagulable state. In addition, patients with CVD were more 

likely to have multiple organ involvement, including liver injury (increased aspartate aminotransferase 

levels: 37·0 [19·0-271·0] vs 26·0 [8·0-8191·0] U/L, p<0·05) and kidney injury, with elevated blood 

urea nitrogen (7·4 [4·0-43·2] vs 4·1 [1·5-48·1], p<0·001) and creatinine levels (75·5 [42·7-261·3] vs 

68·2 [35·.9-9435·0], p<0·01). 
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Of 11 patients with ischemic stroke, six received antiplatelet treatment with Aspirin or Clopidogrel and 

5 received anticoagulant treatment with Clexane. As of Feb 29, 2020, the overall mortality rate was 

38·5% (5/13) and 7 patients remained hospitalized. Among those treated with antiplatelet, 3 died (50%) 

as compared with 20% in those treated with anticoagulant. One patient with cerebral venous sinus 

thrombosis received anticoagulant treatment and remained hospitalized. One patient with cerebral 

hemorrhage died 22 days after stroke. 

 

Discussion 

This is the case series of COVID-19 with new onset of CVD. 13 patients with COVID-19 developed 

CVD following infection. Patients with CVD were older and were more likely to have cardiovascular 

and cerebrovascular risk factors. These findings suggested that elder patients with COVID-19 may be 

more likely to develop CVD and more attention should be paid to older patient with cerebrovascular 

risk factors. 

Importantly, 11 out of 13 patients with CVD were severe SARS-CoV-2 infection patients, suggesting 

severe infection may be a indicator of CVD, especially acute ischemic stroke. Our past work also 

showed that severe patients were more likely to develop neurological symptoms. 4 Inflammation has 

been increasingly recognized as a key contributor to the pathophysiology of cerebrovascular diseases 

9and involved in the acute intravascular events triggered by the interruption of the blood supply. 

Meanwhile blood inflammatory factors (e.g. Interleukin and c-reactive protein) is responsible for early 

molecular events triggered by coagulation abnormalities.10-12 We found that compared with the patients 

without CVD, patients with CVD was found a rise in blood C-reactive protein level. 12 out of 13 

patients with both CVD and COVID-19 had extremely high level of D-dimer (average level of 6·9), by 
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contrast, D-dimer of patients without CVD was at a lower level (average level of 0·5). According to the 

laboratory test index of blood, patients with COVID-19 with CVD had more severe inflammatory 

infection and in a state of high coagulation. The inflammatory response increased significantly could 

be the causes of abnormal blood coagulation function in early stage and could be one of the main 

reasons of onset CVD. 

The average of time from SARS-CoV-2 infection to onset of CVD was about 12 days. Neurological 

injury has been confirmed in the infection of other coronavirus such as in SARS-CoV and Middle East 

respiratory syndrome corona virus (MER-CoV).13,14 A study reported that 28 days after onset of SARS-

CoV infection patient experienced central nervous symptoms.15 A 4-patient case report showed patients 

developed neuromuscular diseases approximately 3 weeks after the onset of SARS. 16 Anther 3-patient 

case report showed brain MRI revealed significant changes characterized by widespread, bilateral 

hyperintense lesions on T2-weighted imaging within the white matter and subcortical areas of the 

frontal, temporal, and parietal lobes after 25-28 days onset of MER-CoV.13 Thus, in early stages, to 

make diagnosis according to clinical symptoms and lab tests and take measures for anti-inflammatory 

treatment as early as possible may arrested the growth of the COVID-19. It may be one way to reduce 

the risk of CVD.  

 

This study has several limitations. First, this is a single center report. While it may not be generalizable, 

our study represent the first report of COVID-19 patients with new onset of CVD following infection. . 

Second, xxx patients were still hospitalized as of Feb 29, 2020 and information regarding their  

outcomes was unavailable at the time of analysis. Further evaluation of the natural history of disease 

are needed. 
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In conclusion, CVD is not uncommon with patients with COVID-19. Patients developed CVD were 

older, had multiple risk factors (hypertension and diabetes), more severe SARS-CoV-2 infection, 

inflammatory response in the state of blood hypercoagulable. Physicians should pay more attention to 

control risk factors of cerebrovascular diseases while treating the patients with COVID-19.  
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 Table 1. Baseline characteristics of COVID-19 patients with new onset of CVD during infection 

 Type 

of 

CVD 

Subtype 

of AIS 

Age, y Sex 

 

Smoking 

History 

Drinking 

History 

Blood 

pressure 

(mm Hg) 

Fasting Blood-

glucose 

(mmol/L) 

Type of COVID-19 

Patients (Severe/Non-

Severe) 

Onset Time of 

SARS-CoV-2 

Infection 

Onset Time 

of CVD 

Treatment of 

CVD 

Outcom

e Event 

1 AIS Small vessel 70 M No No 110/70 5·44 Severe 01/26/20 02/23/20 Antiplatelet Survival 

2 AIS Large vessel stenosis 75 F No No 110/67 6·03 Severe 01/24/20 02/15/20 Antiplatelet Survival 

3 AIS Cardioembolic 89 F No No 97/64 6·77 Non-severe 02/19/20 02/19/20 Anticoagulant Survival 

4 AIS Large vessel stenosis 91 F No No 192/97 6·7 Severe 02/01/20 02/10/20 Anticoagulant Survival 

5 AIS Large vessel stenosis 72 F No No 155/89 7·93 Severe 02/01/20 02/12/20 Anticoagulant Survival 

6 AIS Cardioembolic 71 M Yes No 142/67 16·25 Severe 01/31/20 02/07/20 Anticoagulant Death 

7 AIS Cardioembolic 86 M Yes No 110/72 13·81 Severe 01/24/20 02/11/20 Antiplatelet Death 

8 AIS Large vessel stenosis 82 F No No 140/83 24·2 Severe 02/02/20 02/16/20 Antiplatelet Death 

9 AIS Small vessel 78 M Yes No 156/82 11·0 Severe 01/17/20 01/17/20 Antiplatelet Death 

10 AIS Large vessel stenosis 57 M No No 127/83 13·24 Non-severe 02/06/20 02/07/20 Antiplatelet Survival 

11 AIS Small vessel 66 F No No 98/62 8·67 Severe 02/11/20 02/17/20 Anticoagulant Survival 

12 CVS

T 

 32 M Yes Yes 130/80 8·23 Severe 
02/09/20 02/23/20 

Anticoagulant Survival 

13 CH  62 M Yes Yes 150/80 5·81 Severe 01/23/20 02/01/20  Death 

* The patients of COVID-19 were confirmed by SARS-CoV-2 RT-PCR positive in throat swab and viral-like pneumonia in chest CT. 

Abbreviations: COVID-19, Coronavirus disease 2019; CVD, Cerebrovascular disease; AIS, Acute ischemia stroke; CH, Cerebral hemorrhage; CVST, Cerebral Venous Sinus 

Thrombosis; F, Female; M, Male 

 

 

Table
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Table 2. Clinical characteristics of COVID-19 patients with or without new onset 

CVD 

 Total 

(N=221) 

COVID-19 with CVD 

(n=13) 

COVID-19 without 

CVD (n=208) 

P* 

Age (y), mean±SD  53·3±15·9 71·6±15·7 52·1±15·3  

Age, n (%)    0·02 

<50 y  91 (41·2) 1 (7·7) 90 (43·3)  

≥50 y  130 (58·8) 12 (92·3) 118 (56·7)  

Sex, n (%)     0·39 

Female 90 (40·7) 7 (53·8) 83 (39·9)  

COVID-19    0·002 

Severe 94 (42·5) 11 (84·6) 83 (39·9)  

Non-Severe 127 (57·5) 2 (15·4) 125 (60·1)  

Medical history, n (%)     

Any 85 (38·5) 10 (76·9) 75 (36·1) 0·006 

Hypertension 55 (24·9) 9 (69·2) 46 (22·1) <0·001 

Diabetes 31 (14·0) 6 (46·2) 25 (12·0) 0·004 

Cardio cerebrovascular 

disease  

17 (7·7) 3 (23·1) 14 (6·7) 0·07 

Malignancy 14 (6·3) 1 (7·7) 13 (6·3) 0·58 

Data are presented as mean ± standard deviation (SD) and n/N (%). 

Abbreviations: COVID-19, Coronavirus disease 2019; CVD, Cerebrovascular disease. 

P values indicate differences between COVID-19 patients with and without new onset 

CVD. P<0·05 was considered statistically significant. 

*fisher exact test 
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Table 3. Laboratory findings of COVID-19 patients with or without new onset CVD 

 
Total 

(n=221) 

COVID-19 with CVD 

(n=13) 

COVID-19 without 

CVD (n=208) 
P* 

White blood cell count, 

×109/L 
5·0 (0·1-20·4) 7·7 (3·9-17·5) 4·9 (0·1-20·4) <0·001 

Neutrophil, ×109/L 3·1 (0·0-18·7) 6·8 (0·0-15·3) 3·0 (0·0-18·7) <0·001 

Lymphocyte count, 

×109/L 
1·1 (0·1-2·6) 0·6 (0·3-1·2) 1·1 (0·1-2·6) <0·001 

Platelet count, ×109/L 205·0 (18·0-583·0) 142·0 (90·0-564·0) 211·0 (18·0-583·0) 0·04 

C-reactive protein, 

mg/L 
12·9 (0·1-212·0) 51·1 (1·3-127·9) 12·1 (0·1-212·0) 0·008 

D-dimer, mg/L 0·5 (0·1-20·0) 6·9 (0·3-20·0) 0·5 (0·1-20·0) <0·001 

Alanine 

aminotransferase, U/L 
27·0 (5·0-1933·0) 28·0 (13·0-163·0) 26·5 (5·0-1933·0) 0·75 

Aspartate 

aminotransferase, U/L 
26 ·5 (8·0-8191·0) 37·0 (19·0-271·0) 26·0 (8·0-8191·0) 0·02 

Blood urea nitrogen,  

mmol/L 
4·2 (1·5-48·1) 7·4 (4·0-43·2) 4·1 (1·5-48·1) <0·001 

Creatinine, μmol/L 68·4 (35·9-9435·0) 75·5 (42·7-261·3) 68·2 (35·9-9435·0) 0·01 

Abbreviations: COVID-19, Coronavirus disease 2019; CVD, Cerebrovascular disease. 

P values indicate differences between COVID-19 patients with and without new onset CVD. P<0·05 was 

considered statistically significant. 

* Wilcox non-parameter test 
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Figure 1. Representative brain and chest images of COVID-19 patients with CVD. (A) 

Representative brain (A1) and chest (A2) CT images of the Patient 2 with new onset of ischemic stroke. 

(B) Representative brain (B1), chest (B2) CT images and brain CTV images (B3) of the Patient 12 with 

new onset of cerebral venous sinus thrombosis. (C) Representative brain (C1) and chest (C2) CT images 

of the Patient 13 with new onset of left basal ganglia hemorrhage. 

Figure 1
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March 3, 2020 

Dear Editor: 

Please find enclosed manuscript for consideration of expedited publication as an original 

article in The Lancet: “Acute cerebrovascular disease following COVID-19: a single center, 

retrospective, observational study.” 

The outbreak of COVID-19 from Wuhan China is serious and has the potential to become 

epidemic unfortunately worldwide. As of 1 March. 2020, the number of laboratory-confirmed 

COVID-19 cases has exceeded 87137 cases globally, of which 79968 in China, and 2873 

death in China. Several studies have described clinical manifestations of patients with 

COVID-19 including the typical symptoms, such as fever, cough, pharyngalgia, diarrhea. 

Previous study has suggested that bacterial and/or viral infection may be a trigger for acute 

ischemic stroke, probably related to the prothrombotic effect of the inflammatory response. 

However, there is sparse information regarding acute cerebrovascular disease (CVD) fol-

lowing COVID-19 infection. To our knowledge, this is the first report which described clinical 

characteristics, treatment strategy, and outcomes between COVID-19 with and without new 

onset with cerebrovascular disease. We reported 13 patients with COVID-19 developed 

CVD following infection. Result suggesting that CVD is not uncommon with patients with 

COVID-19. Patients developed CVD were older, had multiple risk factors (hypertension and 

diabetes), more severe SARS-CoV-2 infection, inflammatory response in the state of blood 

hypercoagulable. Therefore, physicians should pay more attention to control risk factors of 

cerebrovascular diseases while treating the patients with COVID-19, especially for elder 

patients with multiple risk factors. 

Due to the urgency of this epidemic, our results could be important clinical findings to warn 

the healthcare providers not to delay the recognition clinically and begin treatment of 

COVID-19 combing with CVD, especially for severe patients. It is especially meaningful to 

all to learn that for those with severe COVID-19, rapid clinical deterioration or worsening 

could be related to CVD, which would contribute to its high mortality rate. 

We would appreciate that The Lancet Editors would know the urgent nature of getting this 

new finding out so that the world can learn more about COVID-9 and apply to its diagnosis 

and management. 

Again thank you for paying attention to this urgent matter.  It would be deeply appreciated 

if The Lancet could expedite the review and inform us early of your decisions. 

Cover Letter
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Sincerely, 

 

Bo Hu, Ph.D.  (Corresponding author) 

Professor  

Department of neurology 

Union hospital, Tongji medical college,  

Huazhong University of Science and Technology, Wuhan, 430022, China 
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