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Abstract 
 

Objectives: The World Stroke Organization (WSO) has 

raised concerns about the global impact of COVID-19 

on occurrence of stroke and its implications for stroke 

care, especially in low-middle-income countries. We 

sought to describe the profile and outcomes of acute 

stroke admissions in relation to COVID-19 status. 

Methodology: This is a retrospective study involving 

all stroke patients admitted to the University Hospital, 

Kwame Nkrumah University of Science and 

Technology, Kumasi, Ghana from 1st March, 2020 to 

30th November, 2020. Stroke was diagnosed clinically 

and confirmed with a head Computerized Tomography 

scan. After the diagnosis of stroke, all patients with 

presentations that fitted the case definition of COVID-

19 were tested using real time polymerase chain 

reaction (RT-PCR). Bivariate analysis was performed 

to identify factors associated with in-patient mortality. 

Statistical significance level was set at p < 0.05. 

Results: A total of 93 patients with confirmed acute 

stroke were hospitalized within a 9-month period with 

3 (3.2%) having confirmed COVID-19 infection. All 

COVID-19 cases had ischemic stroke and all of them 

died. Bivariate analyses identified COVID-19 status 

(p=0.016), mean pulse rate (p=0.036) and patients who 

did not receive angiotensin receptor blocker (ARB) 

(p=0.029) or calcium channel blockers (CCB) 

(p=0.016) were associated with in-patient mortality. 

Conclusion: COVID-19 occurring with acute stroke is 

a predictor of mortality in this sample of Ghanaians. In 

this era of COVID-19 pandemic, patients with acute 

stroke should also be screened for the infection and 

managed appropriately to minimize death. 
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Introduction 
The 2019 Coronavirus disease (COVID-19) is a 

pandemic associated with a multi-systemic 

involvement including causation of cerebrovascular 

diseases.1,2 Stroke in patients with COVID-19 may 

arise from the exaggerated inflammatory response, 

vascular endothelial dysfunction, hypercoagulability 

and increased risk of thromboembolism associated 

with the disease.1 The average duration for onset of 

cardiovascular events from severe acute respiratory 

syndrome 1 and 2 (SARS-CoV-1 and SARS-CoV-2) 

infections has been reported as 10 to 28 days.2 The 

spike protein surface unit on SARS-CoV-2 adheres 

tightly to the angiotensin converting enzyme 2 

(ACE2), impairs its end-organ protective properties, 

potentially causing endothelial damage and 

neurological injury.1The incidence of stroke and non-

specific neurological manifestations among patients 

with COVID-19 admitted to hospitals in China has 

been reported as 5% and 36.4% respectively.2,1 

Several cases of COVID-19-related stroke have also 

been recorded in Italy,3 United Kingdom4 and the 

United States of America,5 the epicentres of the 

pandemic. The World stroke Organisation (WSO) has 

raised concerns about the global impact of COVID-

19 on occurrence of stroke, disease severity and their 

implications for stroke care, especially in low-

middle-income countries (LMICs).6 Since 12th 

March, 2020 when Ghana recorded her first two 

imported cases of COVID-197 a recent study has 

revealed a 7.5% increase in stroke admissions at a 

tertiary institution with an attendant rise in stroke 

case fatality.8 In the present study, we sought to 

assess the impact of COVID-19 co-infection on 

stroke presentation and its outcomes in a Ghanaian 

medical center. 

Methods and Materials 
Study Design and Setting 

 The University Hospital, Kwame Nkrumah 

University of Science and Technology (KNUST), 

Kumasi is one of the centres in Ghana designated for 
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testing of suspected cases and treatment of confirmed 

COVID-19 patients.9 It is a 125-bed quasi-

government facility equipped to provide specialist 

and general medical services. This was a 

retrospective study which included data of all 93 

cases of acute stroke admitted between 1st March and 

30th November, 2020. The data was obtained from 

medical records which were documented during their 

period of hospitalization.  

Study Context 

 As of 1st January, 2021, the cumulative number of 

confirmed COVID-19 cases in Ghana was 75,836 

with 533 deaths. Preventive and relief measures have 

been instituted by the Government, Health Ministry 

and their agencies. However, the population and 

health facilities continue to reel under the burden of 

COVID-19.  

Clinical and laboratory assessments  

Patients with suspected stroke on admission had a 

computerized tomography (CT) scan of the head to 

confirm the diagnosis. Cardiovascular co-morbidities 

such as hypertension and diabetes were assessed 

through self-reports. Basic laboratory investigations 

performed included a full blood count, blood urea 

and creatinine measurements, chest x-rays and chest 

CT scan when indicated. Stroke patients with 

symptoms suggestive of COVID-19 and who 

satisfied the Ghana Health Service/Ministry of Health 

case definition of COVID-1910 had nasopharyngeal 

samples taken. The samples were taken to the 

Kumasi Centre for Collaborative Research into 

Tropical Medicine (KCCR) and tested for severe 

acute respiratory syndrome coronavirus-2 (SARS-

COV-2) using real time polymerase chain reaction 

(RT-PCR).11  Patient disposition on discharge were 

classified into alive or dead. 

Statistical analysis  

Comparisons of demographic, vascular risk factors, 

laboratory results, treatment instituted and vital status 

were performed using Fishers’ exact tests for 

categorical variables and Student’s t-test for 

continuous variables. A multivariate logistic 

regression model was constructed to assess factors 

associated with in-patient mortality. Bivariable 

analyses were first conducted, and variables 

associated with stroke mortality at a p-value of <0.10 

were included in the final adjusted model. In all 

analysis, p-value of <0.05 was considered statistically 

significant. Statistical analysis was performed using 

GraphPad Prism version 7 and SPSS Stata version 16 

(StataCorp LLC, College Station, TX, USA). 

Results 

Demographic and Clinical Characteristics of 

Patients 

Over the period of observation, 93 stroke patients 

were admitted. The mean age of the patients was 62.2 

(SD ±15.0) years with 50 (53.8%) of them being 

female. [Table 1] Of the 93 patients with acute 

stroke, 61 (65.6%) were ischaemic, 14 (15.1%) were 

haemorrhagic, seven were untyped, two were 

ischemic with hemorrhagic transformation, and nine 

had normal CT findings despite being symptomatic 

of stroke. Three (3.2%) stroke patients tested positive 

for COVID-19. Approximately 87% (n = 81) had 

hypertension with a mean systolic blood pressure of 

181.1 (SD ± 33.5) and mean diastolic blood pressure 

of 118.0 (SD ± 107.2). Calcium channel blockers 

(CCBs) were the most prescribed antihypertensives 

(n = 71; 76.3%) followed by angiotensin-converting 

enzyme inhibitors (n = 51; 54.8%). Majority (n = 75; 

80.7%) received antiplatelets and 61 (65.6%) were 

also on statins [Table 1].  

Table 1. Demographic and Clinical 

Characteristics of patients 

Characteristic Frequency (n=93) Percentage, %  

Age, mean ± SD 62.2 (SD ±15.0)  

Gender   

Male 43 46.2 

Female 50 53.8 

Marital status   

Single 7 7.5 

Married 67 72.0 

Widowed 12 12.9 

Divorced 3 3.2 

Not Known 4 4.2 

Stroke Type (CT Scan) 

Ischemic 61 65.6 

Haemorrhagic 14 15.1 

Ischemic with 

hemorrhagic 

transformation 

2 2.2 

Normal 9 9.7 

Not known  7 7.5 

Covid-19 status    

Positive  3 3.2 

Negative  90 96.8 

Co-morbidities 

Hypertension   

Yes  81 87.1 

No  12 12.9 

Diabetes Mellitus   

Yes  31 33.3 

No  62 66.7 

Old Stroke   

Yes  16 17.2 

No  77 82.8 

Chronic Kidney Disease 

Yes  4 4.3 
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No  89 95.7 

Sickle Cell Disease 

Yes  1 1.1 

No  92 98.9 

 

Methyldopa 

Yes   13 14.0 

No  80 86.0 

Hydralazine 

Yes  23 24.7 

No  70 75.3 

Diuretic 

Yes   43 46.2 

No  50 53.8 

ARB 

Yes  24 25.8 

No  69 74.2 

ACE   

Yes  51 54.8 

No  42 45.2 

BB   

Yes  37 39.8 

No  56 60.2 

CCB   

Yes  71 76.3 

No  22 23.7 

Statins 

Yes  61 65.6 

No  32 34.4 

Antiplatelet 

Yes  75 80.7 

No  18 19.3 

Anti-diabetic 

Yes  33 35.5 

No  60 64.5 

VTE prophylaxis 

Yes  36 38.7 

No  57 61.3 

WBC, mean ± SD  8.7 (SD ±4.3) - 

Neutrophils mean± 

SD 

6.9 (SD ±8.7) - 

lymphocytes, mean 

± SD 

2.8 (SD ±7.3) - 

Platelets, mean ± 

SD 

227.2 (SD ±84.3) - 

Haemoglobin, 

mean ± SD  

13.0 (SD ±2.5) - 

eGFR, mean ± SD 65.7 (SD ±36.8) - 

Systolic BP, mean 

± SD 

181.1 (SD ±33.5) - 

Diastolic BP, mean 

± SD 

118.0 (SD ±107.2) - 

Pulse, mean ± SD 97.2 (SD ±21.3su) - 

Total cholesterol, 

mean ± SD 

5.2 (SD ±1.5) - 

LDL-cholesterol, 

mean ± SD 

3.2 (SD ±1.4) - 

HDL-cholesterol, 

mean ± SD 

1.3 (SD ±0.5) - 

Triglyceride, mean 

± SD 

1.3 (SD ±0.5) - 

Duration of 

hospital stay, mean 

± SD  

5.8 (SD ±5.9) - 

 

Clinical and radiological characterization of 

COVID-19 cases with acute stroke  

Three (3) of the hospitalized patients with acute 

stroke had confirmed COVID-19. One of them was 

an 81-year-old man who presented with altered level 

of consciousness but no obvious lateralizing sign. 

Computed tomography (CT) scan of the head showed 

subacute left temporal and occipital infarcts and left 

basal ganglia lacunar infarcts with microvascular 

disease (Figure 1). The second case was a 69-year-

old woman who presented with sudden right sided 

weakness. Head CT scan showed a subacute left 

basal ganglia lacunar infarct with background 

microvascular disease and cerebral atrophy (Figure 

2). The third patient was a 62-year-old man with right 

hemiparesis and right facial nerve palsy and 

expressive aphasia. A head CT scan taken on the day 

of presentation showed an effacement of sulci and 

gyri on the left in the middle cerebral artery territory 

(Figure 3). 

 
Figure 1. 81-year-old Ghanaian with COVID-19 with 

an ischemic stroke. Hypodense lesions in the left 

occipital and left temporal lobes are noted with 

periventricular and deep white matter hypodensities. 

 
Figure 2. 69-year-old woman with COVID-19 who 

presented with sudden right-sided weakness CT Scan 

image showed a sub-acute left basal ganglia infarct 

with periventricular and deep white matter 

hypodensities and prominence of the sulci and gyri 

with dilated ventricles. 

 
 Figure 3. 62-year-old man with COVID-19 presented 

with right hemiparesis and right facial nerve palsy 

and expressive aphasia. Head CT shows effacement 
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of sulci and gyri in the left middle cerebral artery 

territory indicative of an infarction. 

Factors associated with mortality among stroke 

patients 

Table 2 compares demographic and clinical 

characteristics of stroke cases that were discharged 

alive or dead. The mean age of patients with stroke 

that died was 64.5 years (SD ±13.7) and 61.4 years 

(SD ±15.5) in those discharged alive. There was 

statistically significant association between mortality 

and patient’s COVID-19 status (p = 0.016), mean 

pulse rate whilst on admission (p = 0.036) and 

patient’s medications such as angiotensin receptor 

blockers (ARB) (p = 0.029) and Calcium Channel 

Blockers (CCB) (p = 0.016) [Table 2].   

Unadjusted analysis for factors associated with 

mortality were not being prescribed ARB nor CCB, 

higher white blood cell counts and pulse pressure. 

Upon adjustment for covariates, none of the factors 

were independently associated with mortality. [Table 

3]  

Table 2. Characteristics of stroke patients that 

Died and those Discharged alive (N=93) 

Characteristic Died  

 

 (n=24) 

Discharged 

Alive  

 

(n=69) 

P-value 

Age, mean ± SD 64.5 (SD 

±13.7) 

61.4 (SD 

±15.5) 

0.383 

Gender, n (%)   0.646 

Male 10 (41.7) 33 (47.8)  

Female 14 (58.3) 36 (52.2)  

Stroke Type (CT 

Scan) a 

  0.316 

Ischaemic 13 (54.2) 48 (69.6)  

Haemorrhagic 4 (16.7) 10 (14.5)  

Both 1 (4.2) 1 (1.4)  

Normal 4 (16.7) 5 (7.2)  

Not known  2 (8.3) 5 (7.2)  

Covid-19 statusa   0.016 

Positive  3 (12.5) 0 (0.0)  

Negative  21 (87.5) 69 (100.0)  

Co-morbidities 

Hypertension   1.000 

Yes  21 (87.5) 60 (87.0)  

No  3 (12.5) 9 (13.0)  

Diabetes Mellitus   0.615 

Yes  7 (29.2) 24 (34.8)  

No  17 (70.8) 45 (65.2)  

Old Stroke   1.000 

Yes  4 (16.7) 12 (17.4)  

No  20 (83.3) 57 (82.6)  

Chronic Kidney 

Disease 

  1.000 

Yes  1 (4.2) 3 (4.4)  

No  23 (95.8) 66 (95.6)  

Sickle Cell   1.000 

Disease 

Yes  0 (0.0) 1 (1.5)  

No  24 (100.0) 68 (98.5)  

None   1.000 

Yes  1 (4.2) 4 (5.8)  

No  23 (95.8) 65 (94.2)  

Type of Medications 

Methylodpaa   0.503 

Yes   2 (8.3) 11 (15.9)  

No  22 (91.7) 58 (84.1)  

Hydrallazinea   0.412 

Yes  4 (16.7) 19 (27.5)  

No  20 (83.3) 50 (72.5)  

Diuretic   0.963 

Yes   11 (45.8) 32 (46.4)  

No  13 (54.2) 37 (53.6)  

ARBa   0.029 

Yes  2 (8.3) 22 (31.9)  

No  22 (91.7) 47 (68.1)  

ACE   0.580 

Yes  12 (50.0) 39 (56.5)  

No  12 (50.0) 30 (43.5)  

BB   0.827 

Yes  10 (41.7) 27 (39.1)  

No  14 (58.3) 42 (60.9)  

CCB   0.016 

Yes  14 (58.3) 57 (82.6)  

No  10 (41.7) 12 (17.4)  

Statins   0.385 

Yes  14 (58.3) 47 (68.1)  

No  10 (41.7) 22 (31.9)  

Antiplatelet   0.416 

Yes  18 (75.0) 57 (82.6)  

No  6 (25.0) 12 (17.4)  

Anti-diabetic    0.082 

Yes  5 (20.8) 28 (40.6)  

No  19 (79.2) 41 (59.4)  

VTE prophylaxis   0.187 

Yes  12 (50.0) 24 (34.8)  

No  12 (50.0) 45 (65.2)  

WBC,mean ± 

SDb  

10.2 (SD 

±4.6) 

8.2 (SD 

±4.1) 

0.050 

Neutrophils 

mean± SDb 

7.2 (SD 

±4.8) 

6.8 (SD 

±9.7) 

0.858 

lymphocytes, 

mean ± SDb 

2.0 (SD 

±1.5) 

3.1 (SD 

±8.5) 

0.511 

Platelets, mean ± 

SDb 

218.9 (SD 

±78.0) 

230.2 (SD 

±86.7) 

0.575 

Haemoglobin, 

mean ± SDb  

12.9 (SD 

±2.8) 

13.0 (SD 

±2.4) 

0.862 

eGFR, mean ± 

SDb 

60.1 (SD 

±35.0) 

67.4 (SD 

±37.5) 

0.455 

Systolic BP, 

mean ± SDb 

185.5 (SD 

±33.3) 

179.6 (SD 

±33.7) 

0.464 

Diastolic BP, 

mean ± SDb 

110.3 (SD 

±20.9) 

120.6 (SD 

±123.4) 

0.691 

Pulse, mean ± 

SDb 

105.2 (SD 

±30.9) 

94.5 (SD 

±16.5) 

0.036 

Total cholesterol, 

mean ± SDb 

5.5 (SD 

±2.1) 

5.1 (SD 

±1.5) 

0.652 

LDL-cholesterol, 

mean ± SDb 

3.2 (SD 

±1.9) 

3.2 (SD 

±1.4) 

0.970 

HDL-cholesterol, 

mean ± SDb 

1.6 (SD 

±0.4) 

1.2 (SD 

±0.5) 

0.130 

Triglyceride, 

mean ± SDb 

1.3 (SD 

±0.4) 

1.3 (SD 

±0.5) 

0.957 

Duration of 

hospital stay, 

mean ± SDb  

5.2 (SD 

±6.9) 

6.1 (SD 

±5.5) 

0.514 
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Table 3. Multivariate logistic regression model of 

associated factors of mortality among admitted 

stroke patients 

Predictors 

Unadjusted 

OR 

(95%CI) 

P-

value 

Adjusted 

OR (95% 

CI) 

P-

value 

Type of medications  

ARB 

Yes  1.00  1.00  

No  
5.15 (1.11 – 

23.86) 
0.036 

3.56 (0.73 – 

17.46) 
0.118 

CCB 

Yes  1.00  1.00  

No  
3.39 (1.22 – 

9.44) 
0.019 

2.91 (0.93 – 

9.18) 
0.068 

WBC 

Increasing 

WBC 

1.11 (1.00 – 

1.23) 
0.056 

1.07 (0.95 – 

1.20) 
0.277 

Pulse 

Increasing 

Pulse 

1.02 (1.00 – 

1.05) 
0.064 

1.03 (1.00 – 

1.05) 
0.053 

 

Discussion 

In our study, majority of patients (64.9%) presented 

with acute ischaemic stroke with 87% having a 

history of hypertension. In West Africa, as in the rest 

of the world, hypertension is the most dominant risk 

factor for stroke.12  In a large epidemiological study 

in Ghana and Nigeria, we found that the dominant 

ischemic stroke subtype is small vessel occlusive 

disease followed by large vessel atherosclerotic 

disease and cardio-embolic strokes. 12,13,14  In our 

study, three (3.2%) of the stroke patients tested 

positive for COVID-19 and all three had ischemic 

strokes based on non-contrast enhanced CT scans. In 

Spain, 19% of stroke patients admitted to a hospital 

were COVID-19 positive.15 Our relatively low 

incidence of COVID-19 in stroke patients may be 

due to the fact that we performed SARS-COV-2 PCR 

testing for only stroke patients with  suggestive 

symptoms. However, our findings support two 

studies from the United States of America and China 

which reported ischaemic stroke as the dominant 

stroke type in COVID-19 patients.16,17  

In this study, two of the ischemic strokes among 

COVID-19 positive patients were attributed non-

lacunar strokes in the middle cerebral artery territory 

and one was a lacunar or small vessel occlusive 

disease. Pathophysiologically, the severe acute 

respiratory syndrome coronavirus 2 (SARS-COV-2), 

though a respiratory virus, is able to evoke 

thrombosis in the arterial vasculature via 

inflammation, endothelial dysfunction, thrombin 

generation and platelet activation.4,16 There have been 

reports linking COVID-19 with large-vessel acute 

ischemic strokes.18,19 A rare case of small vessel 

cryptogenic stroke has been reported elsewhere.20 

Due to limited resources, severity of illness of 

patients and restrictions with movement of COVID-

19 patients, we could not carry out detailed 

investigations such as cerebral angiography, carotid 

doppler ultrasonography or echocardiography. 

In this cohort of patients with acute stroke, all three 

patients with COVID-19 died and therefore COVID-

19 status could not be included in our multivariable 

analysis.  COVID-19 associated strokes have been 

suggested to be more severe with high mortality rate 

due to a direct viral endotheliopathy or creation of a 

prothrombotic state engendered by infection-induced 

cardiac arrhythmias, immune-mediated platelet 

activation and perhaps dehydration.16,21 Multivariate 

logistic regression showed that non-usage of calcium 

channel blockers (CCBs) and angiotensin receptor 

antagonists (ARBs) were marginally but not 

significantly associated with increased risk of 

mortality. CCBs are effective in mitigating the so-

called ischaemic cascade, have an excellent anti-

atherosclerotic properties and hence have the 

potential to prevent, as well as ameliorate, the 

severity of the atherothrombotic type of stroke at the 

large pre-cerebral artery level.22 Some CCBs, 

especially the dihydropyridines, are also effective in 

the management of small vessel disease of the 

brain.23  

The pathophysiology of COVID-19 and 

hypertension share a common pathway of the renin–

angiotensin system (RAS).24 A study during the early 

phase of the COVID-19 pandemic suggested a 

worsening outcome for infected patients with 

hypertension who were prescribed ARBs,25 however, 

another study reported beneficial effects.26  

Angiotensin receptor blockers (ARBs) confer reno-

protective advantage to patients and hence as renal 

function improves there is enhanced stroke survival.27 

ARBs have been recommended for BP control in 

people with stroke ahead of angiotensin converting 

enzyme inhibitors (ACE)28. This may explain why 

among our patients with stroke, those who were not 

on CCBs or ARBs were at increased risk of 

mortality.  

In previous studies, high pulse rate was found as a 

predictor of mortality in acute stroke.29,30 Bivariate 

analysis in our study showed mean pulse rate to be 

associated with stroke outcomes but this was lost in 

multivariate analysis. Tachycardia may be as a result 

of severe stroke (NIHSS > 15), large vessel stroke or 

atrial fibrillation.31 The pulse rate of patients with 

stroke should be monitored and measures taken to 

control it to prevent mortality. 
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A limitation of our study is the small sample size. 

However, this was the total number of acute stroke 

cases admitted to the hospital over a period of 9 

months. This is a reflection of the impact of COVID-

19 on overall patient attendance at the University 

Hospital.9 Additionally, COVID-19 testing was 

conducted only on patients with stroke who had 

additional symptoms suggestive of respiratory tract 

infections. Magnetic resonance imaging would have 

been ideal as a neuroimaging modality to characterize 

ischemic lesions but this was not available at the 

study site. We also did not assess stroke severity with 

validated stroke severity assessment instruments. In 

spite of these, our study, which to our knowledge is 

the first in sub-Saharan Africa, characterizes stroke 

presentations in this era of COVID-19 pandemic and 

provides useful data on predictors of mortality. A 

bigger multi-centre study which involves testing all 

stroke patients for COVID-19 will increase the 

statistical power of causality and generalizability. 

Conclusion 

Approximately 3% of patients with acute stroke 

had COVID-19 and all of them died. Due to atypical 

presentations of COVID-19 and its high risk of 

stroke, we recommend that patients with acute stroke 

admitted to hospitals should be actively screened for 

possible SARS-CoV-2 infection. 
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