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ABSTRACT      

Background: Stroke is a major cause of morbidity and mortality worldwide and is worsening in sub-Saharan 

Africa. Neuroimaging plays a vital role in its conrmation and ruling out stroke mimics. Brain CT scan is the 

workhorse in the management of patients with acute stroke where time matters. Method: This was a 

retrospective cross-sectional study of patients with clinical stroke and conrmed on CT scans from January 

2020 to December 2023 that were conducted at departments of Radiology, University of Maiduguri Teaching 

Hospital and State Specialist Hospital, Maiduguri, North-eastern Nigeria. Data were retrieved and recorded 

from the archives which included biodata and CT scan patterns (stroke subtype and site, vascular territory, 

and number of lesions).  Data were analyzed using Statistical Package for Social Sciences version 26 (IBM, 2019, 

Illinois, USA). Results: A total of 328 patients of the study population were recorded, of which 187 patients 

(57%) were males and 141 (43%) were females. The age ranged from 20 - 98 years, with a mean age (± SD) of 

59.1 ± 14.9 years and a male-to-female ratio of 1.3:1 and the majority of the patients (55%) were aged ≥ 60 years. 

Ischaemic stroke was seen in 245 patients (75%) and haemorrhagic stroke (HS) was seen in 83 patients (25%). 

The most frequent stroke subtype was ischaemic stroke in both male and female patients. The relationship 

between the stroke subtype and age group was statistically signicant (p=0.0001). Ischaemic stroke was the 

most observed subtype in all age groups than HS. Lobar location in particular the parietal lobe was the most 

commonly involved site in this study. The commonest vascular territory was the middle cerebral artery and 

the majority of stroke cases (88%) were solitary lesions. Conclusion: Neuroimaging differentiates infarction 

from haemorrhage and guides the treatment of acute stroke patients. Ischaemic stroke was the most frequent 

subtype in all genders and age groups with lobar location accounting for most stroke sites in this study. Non-

contrast brain CT scan is the ideal imaging modality in the management of acute stroke.  
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Introduction 

Stroke also known as cerebrovascular disease or 

accident is a focal injury of the central nervous 

system (CNS) by a vascular cause and is a major 

cause of morbidity and mortality worldwide1. The 

burden of stroke worldwide has increased 

substantially with the bulk of the global burden 

residing in lower-middle income countries 

including Nigeria2,3.  The overall crude prevalence 

of stroke in urban Nigeria was 1.14/1,000 with a 

tendency of increasing prevalence with advancing 

age2. In sub-Saharan Africa, stroke shows a worse 

prognosis and is mostly seen in younger ages4. 

Large geographical differences in age-standardized 

stroke incidence, prevalence and mortality were 

reported in previous studies and there was more 

absolute number of strokes in males than females at 

the global level3. 
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Stroke is generally divided into ischaemic stroke 

and haemorrhagic stroke (HS). Haemorrhagic 

stroke is further subdivided into intracerebral 

haemorrhage (ICH) and subarachnoid haemorrhage 

(SAH). Ischaemic stroke is usually related to arterial 

thrombosis, embolization or critical hypoperfusion 

which leads to vessel occlusion while haemorrhagic 

stroke is commonly due to the spontaneous rupture 

of blood vessels within the brain and ultimately 

results in brain cell injury which affects focal brain 

function5,6. The main evidence of stroke may be 

based on neuroimaging, pathology and/or 

persistent neurological features1,5. 

Neuroimaging investigations employed in the 

evaluation of patients with acute stroke include 

non-contrast brain computed tomography (CT) 

scan, CT perfusion, CT angiography and magnetic 

resonance imaging (MRI)5,6. Advances in 

neuroimaging have enhanced the understanding of 

ischaemia, infarction and haemorrhage in the CNS 

and also knowledge of vascular anatomy is 

paramount for the clinical diagnosis of stroke with 

brain injuries related to vascular causes usually 

focal ones1. Neuroimaging studies are aimed to 

evaluate acute stroke with regards to its subtypes 

(infarction or haemorrhage), rule out non-vascular 

stroke mimics like intracranial tumours or subdural 

haematoma and also assess the size, site and extent 

of the lesions1,5. CT scan is a mainstay imaging 

modality which is more readily available, fast and 

affordable than MRI, and is usually able to exclude 

stroke mimics and differentiate between brain 

infarction/ischaemia and haemorrhage1,5. Non-

contrast CT of the brain is the rst and immediate 

imaging modality that should be done on patients 

with acute stroke and it is highly sensitive in the 

identication of haemorrhagic lesions6. Previous 

studies in African countries showed some stroke 

cases had neuroimaging for conrmation while 

other cases did not because of its non-availability 

and/or unaffordability4. 

Previous studies showed ischaemic stroke as the 

most common subtype of stroke in Nigeria7-13 and 

other sub-Saharan African countries14,15, and also 

parietal lobe was the most common stroke site 

involved in their independent studies7-9,11-13,16,17. The 

middle cerebral artery (MCA) was the commonest 

vascular territory involved in stroke patients9,14,17,18. 

Knowledge of brain arterial vascular territory plays 

a crucial role in understanding stroke and its 

complications from endovascular procedures and 

surgery19. 

This study aims to determine the neuroimaging 

patterns of stroke in adult patients in Maiduguri, 

North-eastern Nigeria. To the best of our 

knowledge, there is a paucity of literature on this 

topic, especially on the stroke site, the number of 

lesions and vascular territory in this environment 

which prompted this study 

Methods  

This was a retrospective hospital-based cross-

sectional study of patients referred to the 

Department of Radiology, University of Maiduguri 

Teaching Hospital (UMTH) and State Specialist 

Hospital (SSH), Maiduguri, North-eastern Nigeria 

for CT scan with clinical features of stroke from 

January 2020 - December 2023. The two hospitals 

are tertiary healthcare referral centres for people in 

Borno state and its neighbouring states and 

countries. Ethical approval for the study was 

obtained from the research and ethical committee of 

the institutions. Inclusion criteria were all patients 

with a clinical diagnosis of stroke and conrmed on 

brain CT scan and aged 18 years and above. The 

exclusion criteria were clinical stroke patients in 

which a CT scan was to rule out stroke, patients 

with recurrent stroke, and patients who presented 

with clinical features of stroke of more than two 

weeks (because of the low sensitivity and specicity 

of CT in differentiating the subtypes) and patients 

below 18 years of age. All brain CT scans were 

acquired on a 128-slice Seimens CT Scanner or a 64-

slice Acquilon Canon CT Scanner at UMTH, 

Maiduguri and a 128-slice General Electric CT 

scanner at SSH, Maiduguri. Non-contrast axial 

images of the brain were obtained from the base of 

the skull to the vertex at 3.5 mm slice thickness. 

Images were then reformatted at thinner slice 

thickness for coronal and sagittal planes. Data were 

retrieved from medical records and CT image 

archives of the institutions. All the CT images were 

reported by experienced Radiologists. Information 

including the patient’s age, sex, stroke subtype, site, 

involved vascular territory, and the number of 

lesions were recorded in the datasheet. Ischaemic 

stroke is seen as a hypodense lesion involving an 

area of brain parenchyma (Figure 1) while HS is 

seen as a hyperdense lesion with perilesional 

oedema (Figure 2). Data were analyzed using 

Statistical Package for Social Sciences (SPSS) version 
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26 (IBM, 2019, Illinois, USA) for Windows®. Results 

were presented in tables, percentages, ratios and 

mean ± standard deviation (SD). Chi-squared or 

Fisher’s exact test was used to determine the 

relationship between the categorical variables and 

the p-value of less than or equal to 0.05 was 

considered statistically signicant. 

Figure 1: Axial non-contrast brain CT scan image at 

the level of body of lateral ventricles showing a 

hypodense lesion (Star) at the left parieto-occipital 

lobe which compresses the body of lateral ventricles 

and midline shift to contralateral side and 

effacement of adjacent sulci and gyri which 

represents cerebral infarct.  

 

 

 

 

 

 

 

 

 

Figure 2: Axial non-contrast brain CT scan image at 

the level of the frontal horn of lateral ventricle 

showing a well-dened hyperdense lesion (Arrow) 

with surrounding perilesional oedema at the left 

lentiform nucleus, thalamus, and internal capsule 

and compress ipsilateral frontal horn of lateral 

ventricle which represents intracerebral 

haemorrhage. 

Results 

A total of 328 patients with a clinical diagnosis of 

stroke and conrmed on brain CT scan were 

recorded for this study, of which 187 patients (57%) 

were males and 141 (43%) were females. The study 

population age range was 20 to 98 years with a mean 

age (± SD) of 59.1 ± 14.9 years and a male-to-female 

ratio of 1.3:1. The age and sex distribution of the 

study population was as shown in Table 1. The Table 

also showed that the most involved age group was 

patients aged ≥ 60 years in both males and females, 

which accounted for 55.2% of the study population. 

Then, followed by patients aged 40 - 59 years. The 

relationship between age and sex of the study 

population was not statistically signicant (p = 

0.073). 

Table 2 shows the distribution of stroke subtypes 

with the sex of the patients. Ischaemic stroke was 

observed in 245 patients (74.7%) and HS was seen in 

the remaining 83 patients (25.3%). Among the HS 

cases, 78 (23.8%) were intracerebral haemorrhage and 

the remaining 5 patients (1.5%) had SAH. In all 

subtypes of stroke, males were more affected than 

females as shown in Table 2, but females were more 

affected with SAH than male patients in this study. 

The relationship between stroke subtypes and sex 

was not statistically signicant (p = 0.442). 

Table 3 shows the relationship between stroke 

subtypes and age groups of patients. It showed that 

ischaemic stroke was the most frequent stroke 

subtype in all age groups. The relationship between 

the age group and stroke subtype of the study 

population was statistically signicant (p = 0.0001).  

The relationship between the stroke site and subtype 

is shown in Table 4. The most common stroke site 

was a lobar location in the study population, which 

accounted for 207 cases (63.2%), and then followed 

by basal ganglia in 54 cases (16.4%). Of the lobar 

lesions, the parietal lobe was the most common site 

which accounted for 86 cases (26% of all patients) and 

is immediately followed by the frontoparietal lobe in 

57 patients (17.4%). The lobar lesion was also the 
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most frequent site in ischaemic stroke and HS. The 

relationship between stroke sites and subtypes of the 

study population was statistically signicant (p = 

0.0001).  

Table 5 shows that the most commo  n vascular 

territory of ischaemic and haemorrhagic stroke in this 

study was the MCA territory, which accounted for 

185 patients (56.4%). Then, immediately followed by 

the multiple territorial involvement of both middle 

and anterior cerebral arteries, which was seen in 38 

cases (11.6%) The relationship between the vascular 

territory and stroke subtype was statistically 

signicant (p = 0.0001). The anterior circulation was 

the most common territory, which was recorded in 

255 patients (77.7%), then, followed by posterior 

circulation which accounted for 53 cases (16.2%) and 

the remaining 20 patients (6.1%) had both 

circulations. 

Most of the patients in the study had solitary lesions, 

which accounted for 288 patients (87.8%) while the 

remaining 40 (12.2%) had multiple lesions. In all 

patients with ischaemic stroke, only 9 cases (3.7%) 

had a haemorrhagic transformation. While, in 

patients with ICH, 19 (24.4%) had coexisting 

intraventricular haemorrhage. 

 

 

Table 1: Age and Sex Distribution of the  Study Population 

                                                              Sex Frequency (%) 

Age group  (years)          Male                         Female                                       Total 

18 - 39                             13 (4.0)                      18 (5.5)                                      31 (9.5) 

40 - 59                             62 (18.9)                    54 (16.5)                                  116 (35.4) 

  ≥ 60                              112 (34.1)                    69 (21.0)                                  181 (55.2) 

Total                              187 (57.0)                    69 ( 21.0)                                 328 (100.0)      

P = 0.073 

 

 

Table 2: Distribution of Stroke Subtypes and Sex  

                                                                 Sex Frequency (%) 

Stroke  Subtype              Male                               Female                                   Total 

Ischaemic                       143 (43.6)                         102 (31.1)                              245 (74.7) 

Haemorrhagic                 44 (13.4)                            39 (11.9)                                83 (25.3)   

     ICH                            42 (12.8)                             36 (11.0)                                78 (23.8) 

    SAH                              2 (0.6)                               3 (0.6)                                       5 (1.5)  

Total                            187 (57.0)                         141 (43.0)                                 328 (100.0)                        

P = 0.442, ICH - Intracerebral Haemorrhage, SAH - Subarachnoid Haemorrhage 

NB. ICH & SAH are subtypes of haemorrhagic stroke 
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Table 3: Distribution of Stroke Subtypes and Age Group  

                                                    Stroke Subtype Frequency (%) 

Age Group (years)     Ischaemic                   Haemorrhagic                             Total 

18 - 39                           19 (5.8)                              12 (3.7)                                   31 (9.5) 

40 - 59                           74 (22.6)                            42 (12.8)                                 83 (25.3)   

≥ 60                              152 (46.3)                           29 (8.8)                                 181 (55.2) 

Total                            245 (74.5)                           83 (25.3)                               328 (100.0)                        

P = 0.0001 

 

Table 4: Distribution of Stroke Sites and Subtypes  

                                                                    Stroke Subtype Frequency (%) 

Stroke  Site                   Ischaemic                       Haemorrhagic                            Total 

Lobar                             174 (53.1)                          33 (10.1)                                207 (63.2) 

Basal Ganglia                  27 (8.2)                            27 (18.2)                                  54 (16.4) 

Thalamus                         18 (5.5)                              9 (2.7)                                    27 (8.2) 

Pons                                  9 (2.7)                               1 (0.3)                                     10 (3.0) 

Midbrain                           2 (0.6)                               0 (0.0)                                       2 (0.6) 

Cerebellum                        5 (1.5)                              1 (0.3)                                        6 (1.8) 

Subarachnoid                     0 (0.0)                               5 (1.5)                                       5 (1.5)  

 Others                               2 (0.6)                               3 (0.6)                                       5 (1.5)  

Total                            245 (74.7)                             83 (25.3)                                 328 (100.0)                         

P = 0.0001 
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Table 5: Distribution of Vascular Territory and Stroke Subtypes  

                                                                 Stroke Subtype Frequency (%) 

Vascular Territory         Ischaemic                      Haemorrhagic                            Total 

MCA                              155 (59.5)                          60 (9.1)                                   185 (56.4) 

MCA & ACA                    20 (6.1)                            18 (5.5)                                    38 (11.6)  

ACA                                 19 (7.8)                            12 (3.7)                                    31 (9.5)  

PCA                                  17 (5.2)                            12 (3.7)                                     29 (8.8) 

VBA                                 18 (5.5)                              4 (1.2)                                     22 (6.7) 

Others                               16 (4.9)                              7 (2.1)                                     23 (7.0) 

Total                               245 (74.7)                          83 (25.3)                                 328 (100.0)                         

P = 0.0001, MCA = Middle Cerebral Artery, ACA = Anterior Cerebral Artery, PCA = Posterior  Cerebral 

Artery, VBA = Vertebrobasilar Artery 

Discussion 

Stroke is a major cause of disability and death in 

adults worldwide with increasing rates in sub-

Saharan Africa including Nigeria. A CT scan 

confirms the diagnosis of stroke and also 

differentiates infarction from haemorrhage which is 

crucial in the treatment of acute stroke. Previous 

studies showed a low degree of accuracy in clinical 

diagnosis of acute stroke and differentiating its 

subtypes in Nigeria10,20-23, and other countries15,24. 

Clinical diagnosis of stroke can be used only when 

neuroimaging is not available25. In this study, the 

mean age of the patients was 59 years which was 

almost in agreement with most previous studies in 

Nigeria8,11,12,17,22,26,27, and other countries14,28. 

However, it differed from the ndings of other 

studies by Yunusa GH et al9 and Ijeh et al29 who 

observed it in more younger individuals, aged 49 - 55 

years and while, it was noted in older patients aged 

60 – 65 years by Baduku et al27 and Al-Rajeh et al30 in 

their respective studies. 

 In the index study, the majority of patients (55.2%) 

were elderly (aged ≥60 years), and similar ndings 

were observed in previous studies11,17,26-28,30-32. Danesi 

et al2 did an urban community-based study in Lagos, 

South-western Nigeria which showed an increasing 

prevalence of stroke with advancing age. However, 

other studies7,8,10,12,14,15,29,33 reported more cases in 

middle-aged patients (40 - 59 years) which differed 

from this index study. Many studies showed that 

stroke in blacks affects more younger individuals 

than older ones which might be due to a low life span 

in Africa 4. 

Male preponderance was also observed in this study 

which was in concordance with most previous 

studies in Nigeria7,8,10,11,16,17,22,25,27,29,31, other sub-

Saharan African countries15,28,32, and some Asian 

countries24,33,34,34 but it disagreed with other studies in 

Nigeria by Taiwo et al12, Bello et al18 and Onubiyi et 

al22 who showed female preponderance. Male sex is a 

known non-modiable risk factor of stroke, which is 

also associated with other risk factors like 

hypertension and diabetes mellitus which are usually 

poorly controlled diseases, especially in developing 

countries.  

On CT scan nding in our study, ischaemic stroke 

was reported in 75% of patients, this is in 

concordance with some studies that showed values 

ranged from 70% to 92% in Nigeria7,17,26,27, other sub-

Saharan African countries15,28,32 and some Asian 

countries24,30,34 which almost agreed with this index 

study and was commonly observed values in high-

income countries. While other studies in Nigeria9-

13,16,18,22,29 and other countries14,24 reported lower 

values ranging from 52% to 69%, this nding was 

commonly observed in many studies in low and 

middle-income countries. Matuja et al35 in Tanzania 

and Oyinloye et al36 in North-central Nigeria reported 

less than 50% of cases of ischaemic stroke, which also 
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disagreed  with the index study. However, a study 

on stroke by Oyinloye et al36 was on young adults 

while our study was on all adults, which might 

explain the disagreement.  

Also HS, mainly ICH was seen in 25.3% of the 

patients which was almost similar to many previous 

studies in Nigeria7,8,10,11,17,27,37 and other countries15,24,28 

who obtained a low proportion of HS ranging from 

7% to 29%. This might be explained that patients in 

sub-Saharan African countries have a higher 

mortality rate from HS and also due to various 

delays encountered by patients in obtaining 

appropriate healthcare services. Some studies in 

Nigeria12,16,18,22,26,29,31 and other countries14,33,34 

obtained higher values of HS which range from 30% 

to 49%. Africans have a relatively high proportion of 

HS compared to high-income countries with an 

average of 20%. Also, Matuja et al35 and Oyinloye et 

al36 reported values of more than 50% in their 

respective studies in patients with HS, which also 

differed from our nding. 

SAH was observed in this study in 1.5% of the 

patients and this was in agreement with previous 

studies8,9,15,22,29,30,34. This low value might be due to 

poor accessibility to hospitals and poverty, as most of 

the patients die before reaching the hospital or 

accessing neuroimaging for diagnosis. However, 

Annongo et al31 and Desita et al33 in their respective 

studies in Nigeria obtained higher values of 4.1%  

and 8.5% which was in disagreement with this index 

study. However, some studies especially in Africa on 

neuroimaging of stroke did not subclassify HS into 

ICH and SAH 10,12,16,18,22,35.  

This study showed that ischaemic stroke was the 

most frequent stroke subtype in all age groups and 

this was in agreement with some previous 

studies10,11,20,22,26, and other African countries15,28. Male 

patients were most frequently affected in both 

ischaemic haemorrhage and HS. This was in 

concordance with previous studies in 

Nigeria7,9,10,13,18,26, and other countries30,32,34,35.  

Desita et al33 observed that more females than males 

were affected with HS but more males than females 

with an ischaemic stroke which partly disagreed with 

this index study. Onubiyi et al22 observed more 

females than males had ischaemic stroke but more 

males compared to females had HS which also partly 

disagreed with this index study. 

Lobar location was the most frequent site seen in 63% 

of this study population and also in patients with 

ischaemic stroke and HS which was similar to 

previous studies7,8,15,18,33. The parietal lobe was the 

common lobe involved in patients with ischaemic 

stroke and HS in this study which accounted for 26% 

of all cases and this agreed with many previous 

studies11,12,16,17, while Ijeh-Taliha et al29 recorded that 

the parietal lobe was the most common location in 

ischaemic stroke while basal ganglia was the 

commonest site in patients with HS, and partly 

differed from our nding. Edzie et al26, Chhetri et al34, 

and Oyinloye et al36 in their respective studies 

showed that the basal ganglia was the most frequent 

site in patients with both ischaemic stroke and HS in 

their study. Oyinloye et al36 did a study on young 

adult stroke patients which might be the reason but 

this study was on all adult patients. In HS cases in 

the index study, if basal ganglia and thalamic 

locations were considered as an entity (thalamo-

ganglionic location), it accounted for the most 

frequent site which comprised of 20.9% of all patients 

which was two times higher than lobar. This was in 

agreement with a study by Yunusa et al8 in Gombe, 

North-eastern Nigeria. 

The MCA was most frequently involved vascular 

territory in this study which accounted for 56.4% and 

this was in concordance with many previous studies 

in Nigeria8,17,18,26 and other countries14,15,34. This might 

explain that the MCA is the largest artery and direct 

continuation of the internal carotid artery that 

supplies its signicant parts and mainly arterial 

supply of the parietal lobe, the most involved site in 

this study. 

Most of the lesions in this study were solitary ones, 

which accounted for 88% of cases and the remaining 

12% had multiple sites. It was in concordance with 

some studies26,28,33. However, Taiwo et al12 and 

Adamu et al17 in Northern Nigeria in their 

independent studies showed higher values of 

multiple lesions of stroke of  44% and 57% 

respectively which differed from this index study. 

This proportion could be due to failure to 

differentiate a solitary lesion with multiple involved 

parts of the brain and multifocal lesions of stroke by 

the authors. 

In this study, ischaemic stroke with haemorrhagic 

transformation was seen in 3.7% of the patients and 

this nding was similar to that of Khan et al24 but it 

differed from independent studies by Bello et al18 in 

Nigeria and Desita et al33 in Ethiopia who obtained 

low values of less than 1.6%. Haemorrhagic 
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transformation is a complication of ischaemic stroke 

and can signicantly worsen its prognosis. 

Conclusion 

Stroke is a common neurological condition in Nigeria 

and worldwide and a CT is a good imaging modality 

for its diagnosis and differentiating its subtypes 

which is critical in the management of stroke 

patients. Ischemic stroke was the most common 

subtype in all genders and age groups in this study. 

Lobar location, in particular the parietal lobe, was the 

most frequent site involved and the middle cerebral 

artery was the most affected vascular territory in this 

index study. Most of the stroke lesions were solitary 

ones in the index study. Non-contrast brain CT scan 

should be a mainstay imaging modality to evaluate 

acute stroke patients in low-resource settings 

including Nigeria. 
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