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Abstract

Brain imaging for the evaluation of symptomatic stroke is a vital subject to all physicians,
neurologists, radiologists, and radiographers. As the population ages and new treatments become
available, quick assessment of patients with acute stroke will become increasingly common. One of the
important aspects for evaluating stroke is imaging, as non-contrast computed tomography (CT)
continues to be one of the principal imaging tools for the assessment of patients with suspected stroke.
The pattern of lesions from this process can vary according to the severity and cause of the stroke. The
study aims to evaluate the nature of lesions depicted on brain CT examinations in non-traumatic
stroke cases with respect to gender and age. In this study, a retrospective cross-sectional approach was
employed where 121 non-contrast brain CT scan results reported by consultant radiologists were
evaluated. The data was analysed in Microsoft Excel 365, in which descriptive statistics, i.e. means,
standard deviations, frequencies, and percentages were generated and presented in tables and chart.
The brain CT-scan data were generated by a licensed radiographer using a 16-slice Philips Brilliance
CT scan machine with model and serial numbers of 453567023331, and 1622 respectively. The study
indicate that males were more affected in a ratio of 1.7:1 (male-to-female) with mean age of 54+#15
years. Most common lesions depicted were cerebral infarction (55.40%) and cerebral atrophy
(26.40%). Cerebral oedema and cerebellar infarction were the least common, with frequencies of 0.8%
and 1.70%, respectively. The study highlighted the role of CT in the diagnosis and prognosis of stroke
cases within the study region.
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INTRODUCTION

Stroke is a major public health problem and a major cause of global morbidity and mortality,
accounting for a considerable portion of neurological admissions and deaths (Feigin et al.,
2025; Song et al., 2025). It has been the second leading cause of death among non-
communicable disorders (NCDs), third common cause of deaths in developed countries and
ranks in the 5 major causes of hospital deaths in adults in Africa (Owolabi and Ibrahim,
2012). Approximately 11 million people are affected by strokes, responsible for 6.5 million
deaths worldwide annually. It is one of the principal contributors of impairments, with an
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estimated 143 million disability-adjusted life years (DALYs) commonly affecting low- and
middle-income countries (Feigin et al., 2021). According to the China National Stroke
Registry, there is a significant association between hypertension (HTN) and stroke
recurrence (Wang et al.,, 2013). In sub-Saharan Africa, for example, including Nigeria, the
prevalence of stroke has been on the rise due to increasing incidence of hypertension,
diabetes, and other vascular risk factors. The population of Nigerians that suffer stroke is on
the increase; recent hospital statistics suggest that nearly 200,000 Nigerians develop stroke
yearly (Dahiru et al., 2001; Onyegbutulem et al., 2022). Many studies have grouped the risk of
stroke into modifiable and non-modifiable risk factors (Feigin et al., 2025; Onyegbutulem et
al., 2022). Some of the modifiable factors are smoking, hypertension, dyslipidaemia, alcohol
consumption, diabetes, obesity, and heart disorders. Non-modifiable factors include age,
sex, race, and genetics. Recent studies suggest that risk factors can vary according to sex,
age, and geographic location. Female gender-specific risk factors are linked to their
reproductive nature, lifetime oestrogen exposure, menopausal hormonal therapy, and oral
contraceptive pills (Song et al., 2025). In the male gender, some conventional risk factors at a
young age are recreational drug abuse, sickle-cell anaemia, and congenital heart diseases.
The disease is highly complex, and its prevalence is becoming higher in low-income
countries (Dahiru et al., 2001; Feigin et al., 2021; Song et al., 2025).

Early and accurate diagnosis is therefore essential for prompt and appropriate management,
with a strong need for enhanced stroke data collation in developing countries to explain the
contributing factors, scale, and trends of stroke in these populations. Strokes have similar
symptoms to several cardiovascular diseases (CVD); therefore, the knowledge of the
patterns of stroke lesions on brain CT scans is vital for early detection and management of
non-traumatic stroke patients.

Medical imaging plays a vital role in the evaluation of brain abnormalities, with CT
representing one of the most important and commonly used imaging modalities in the
evaluation of acute settings of suspected stroke (Dahiru et al., 2021; Jia et al., 2025). CT
imaging has revolutionized the evaluation of patients presenting with an acute onset of
neurologic disorder, playing a crucial task in the screening and monitoring of stroke
disorders. Brain CT scans are typically performed in patients with justifiable symptoms,
such as headache, dizziness and body weakness to exclude a tumour, infarction or vascular
aneurysm, or as a follow-up test for patients with stroke, bleeds, or post-surgery (Merino
and Warach, 2010; Ospel and Boulouis, 2024). Non-contrast CT of the brain remains the first-
line imaging in the evaluation of patients with suspected stroke due to its wide availability,
speed, and effectiveness in detecting intracranial haemorrhage, mass effect, and established
infarction (Jiang et al., 2024; Mullen and Huang, 2017).

Early ischemic changes may, however, be subtle on initial CT scans, making differentiation
between ischemic and haemorrhagic stroke sometimes challenging (Drevelegas and
Papanikolaou, 2011; Joseph et al., 2022). This is particularly observed in resource-limited
settings where access to the most advanced CT imaging technology with high contrast
resolution is limited.

Despite the crucial role of CT in acute stroke evaluation, there is limited regional data
describing the spectrum and frequency of CT-detected lesions among non-traumatic patients
presenting with clinical suspicion of stroke (Drevelegas and Papanikolaou, 2011; Karkavelas
and Tascos, 2011). Understanding these radiological patterns is important for improving
diagnostic accuracy, guiding treatment decisions, and strengthening stroke management
strategies.
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This study therefore aims to examine the nature of lesions observed on brain CT scans in
non-traumatic patients with clinical symptoms of stroke at a tertiary healthcare institution.

METHODOLOGY

Research design and data collection

A retrospective cross-sectional design was adopted, which included patients” information
retrieved from the Radiology archive (picture archival and communication system —PACS)
of Federal Teaching Hospital Gombe, Nigeria. A data capture form was used to record the
data from the medical imaging archive, with columns for the date of scan, CT number, age,
sex, clinical information, and the final impression of the findings. The brain CT scans were
generated using a 16-slice Philips Brilliance CT scan machine with model and serial numbers
of 453567023331, and 1597 respectively. The scan protocol employs 250 kVp and 300 mAs
exposure factors scanning from the 4th cervical spine (C4) to the top vertex of the head. All
scans were reported by consultant radiologists with fellows from the West African College.
The study was restricted to brain CT scan findings of patients with stroke retrieved from
January 2013 to April 2014.

Sample size
The size of the sample for the study was calculated using Taylor’s formula in equation (1):
Z’x p(1-p)
n=—-.— (1)
n = Sample size
Z = Confidence level at 95% (standard value of 1.96)
p = The prevalence (6.7% = 0.067) (Ugwu et al., 2009)
e = Margin of error (at 95% confidence level of 0.05)
1.96%x 0.067(1 — 0.067)
n= 0.052
n = 96.06 (approximately 100)

Data analysis

The data was analysed using Microsoft Excel 2010, where descriptive statistics such as mean,
analysis of variance (ANOVA), standard deviation, correlation, percentages, and frequencies
were generated and presented in tables.

Ethical clearance

As this was a retrospective study, patients' informed consent was waived by the ethical
clearance committee board, and ethical approval was granted before the commencement of
the study.

RESULTS

Findings of gender and age group distribution

The study enrolled and analysed 121 non-contrast brain CT scan results reported by
consultant radiologists of patients presenting with clinical symptoms of stroke. The study
group consisted of seventy-six (62.80%) males and twenty-seven (32%) females resulting in a
male-to-female ratio of 1.7 to 1. The ages of the patients ranged from 14-87 years, with an
average mean age of 54 years and a standard deviation of 15. The most frequent age group is
61-70 years, with fifty-five (45.50%) Figure 1.
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Figure 1. Age group distribution of stroke patients undergoing brain CT based on gender.

Clinical history or information of stroke patients undergoing brain CT.

Clinical history or information as summarized by the consulting or referring clinician on the
request card of patients was observed, recorded, and used to determine clinical features of
stroke. The most predominant noted clinical presentations were left-side body weakness,
reported in 40 cases (33.10%) and right-side body weakness in 31 cases (25.60%) (see Table
1).

Table 1. Frequency and percentage of clinical history/information for brain CT.

Clinical history Frequency Percentage
Left-side body weakness 40 33.10
Right-side body weakness 31 25.60
Generalized body weakness 12 9.90
Unconsciousness/convulsion/seizure 12 9.90
Inability to use the right side of the body/ paralysis 10 8.30
Loss of speech, slowed/inability to talk 8 6.60
Dementia/mental retardation 5 4.10
Head injury? haemorrhagic stroke 2 1.70
Cortical blindness 1 0.80
Total 121 100.00

Pattern of noted depicted lesions on brain CT.

The radiological patterns of lesions depicted on brain CT scan images were reported by the
consultant radiologists based on density and Hounsfield unit measurements. These include
cerebral infarction, with sixty-seven (55.40%) as the most common finding or lesion, while
cerebral atrophy has thirty-two (26.40%), and intracerebral haemorrhage has nine (7.40%).
Cerebellar infarction and intraventricular haemorrhage contribute to three (2.50%) each.
However, lacunar infarction and cerebral oedema have two (1.70%) and one (0.80%),
respectively, as shown in Table 2.
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Table 2. Pattern of depicted lesions on brain-CT scans of patients presenting with stroke and
their percentages.

Males Females
Lesions Frequency Percentage Frequency Percentage
Cerebral infarction 42 34.70 25 20.70
Cerebral atrophy 18 14.90 14 11.60
Intracerebral haemorrhage 8 6.60 1 0.80
Normal studies 2 1.70 2 1.70
Cerebellar infarction 5 1.70 1 0.80
Intraventricular haemorrhage 2 1.70 1 0.80
Lacunar infarction 2 1.70 0 0.00
Cerebral oedema 0 0.00 1 0.80
Total 67 62.80 45 37.20

The pattern of lesions observed in the corresponding age groups revealed that only cerebral
infarction and cerebral atrophy have lesions depicted in each of the age groups; other lesions
are not observed in most of the age groups. Lacunar infarction and cerebral oedema were
noted in only 61 to 70 and 31 to 40 years, respectively (see Table 3).

Table 3. Pattern of lesions depicted in relation to age.

Age range CI CA LI CE Crl ICH IVH Normal
11-20 1 1 0 0 0 0 0 2
21-30 4 1 0 0 1 2 0 1
31-40 9 1 0 1 0 3 0 1
41-50 14 3 0 0 0 0 2 0
51-60 15 5 0 0 1 4 0 0
61-70 20 10 2 0 1 0 0 0
71-80 3 9 0 0 0 0 1 0
81-90 1 2 0 0 0 0 0 0

Total 67 32 2 1 3 9 3 4

Key: CI = Cerebral infarct; CA = Cerebral atrophy; LI = Lacunar infarct; CE = Cerebral oedema; CrI = Cerebellar
infarction; ICH = Intracerebral haemorrhage; IVH = Intraventricular haemorrhage.

DISCUSSION

The study evaluated the distribution of brain lesions and their pattern from CT scans among
non-traumatic patients who presented with clinical indications of stroke. The results showed
a clear male predominance with a male-to-female ratio of 1.7 to 1, and a mean age of 54
years. These findings agree with several previous regional studies that have consistently
reported higher stroke incidence in males. Studies conducted by Ogungbo et al., (2004) and
Yunusa ef al., (2014) in the same country reported that majority of subjects affected by non-
traumatic stroke are males. It has also been revealed that for every 3 female stroke patients
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there are approximately 5 to 4 males, although recent studies suggest that the reverse is the
case in some geographical regions (Jordan et al., 2009; Song et al., 2025). This may be
attributed to some predisposing factors such as high-risk behaviours like smoking and
alcoholism, which may induce hypertension. It, however, differs with recent global studies
where statistics indicates female dominance. This trend is attributed to increase risk factors
associated with reproductive biology, collective lifetime exposure to oestrogen, menopausal
hormonal therapy, and use of oral contraceptive pills. The highest incidence of stroke was
noted in 61-70 years, accounting for 45.50% of all cases. This is marginally lower than in the
United States, where majority of stroke cases are reported among people aged over 65. In
general, the current study shows that most stroke cases occur from 50 years on (Ogungbo et
al., 2004; Owolabi and Ibrahim, 2012). In industrialized countries of Europe and North
America, half of stroke cases occur before the age of 75 years, while in developing countries
like in Southeast Asia and Africa, the peak age is 1 to 2 decades earlier (Yunusa et al., 2014).
Avertable circumstances like illiteracy, ignorance, undetected or poorly treated disorders
like HTN, diabetes, lack of modern health establishments, socio-economic factors,
pregnancy-induced hypertension (pre-eclampsia), and poor health-seeking behaviour might
be the major attributors.

The demographic and geographical heterogeneity in stroke is influenced by the differences
in the prevalence of associated exposure factors in various populations with unmodifiable
sex, age, ethnic or racial, and genetic backgrounds. Since these factors are unchangeable,
they might be responsible for the subsistence variations in stroke rates even after adjusting
the modifiable factors.

A progressive decline in the incidence of stroke has been witnessed in industrialized
countries in the passing decade largely due to comprehensive multifaceted intervention
strategies targeting risk factors like HTN, diabetes mellitus, dietary patterns,
hyperlipidaemia, alcohol and illicit drug use, smoking, and level of physical activity. The
general health status of different communities alongside effective infection control measures
plays important roles in influencing stroke incidences, although, these roles need better
understanding. Consequently, enhancing and updating data collection efforts in developing
countries is essential to address major risk factors, monitor the extent, and track trends
related to stroke.

Left- and right-sided body weakness accounts for 33.1% and 25.6% of symptoms with
general body weakness at 9.9%. In general, 68.6% of all symptoms are related to body
weakness in line with (Jiang et al., 2024).

The most common brain lesion depicted in in this study are cerebral infarction and cerebral
atrophy, in line with a study by Dahiru ef al., (2021) and Yunusa et al., (2014) in other regions
of Nigeria who reported ischemic stroke as the leading subtype among Nigerian patients.
Similar trends have been reported across sub-Saharan Africa (Onyegbutulem et al., 2022).
However, cerebral atrophy in this study is most common in the elderly patients from 51
years and above; this tallies with the findings by Quon et al., (2015) that generalized cerebral
atrophy is a routine concomitant of the aging process and is a normal finding in the elderly,
increasing with age. Cerebral infarction and atrophy were identified as the leading causes of
stroke in the region of the study and these conditions were especially common among the
elderly individuals in their sixth decade of life. The relatively higher rate of cerebral
infarctions in stroke cases may be due to delayed hospital arrival since many haemorrhagic
cases are highly fatal before tertiary hospital presentation. Normal studies were reported in
four (3.30%) cases; this may be due to the limited ability of CT to identify primary
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intracerebral haemorrhage and haemorrhagic transformation (Jia et al., 2025). The rate of
haemorrhagic strokes misdiagnosed on CT scan as infarcts in mild stroke patients was
assessed by comparing CT and MRI effectiveness in detecting subtle brain lesions. CT
detected primary intracerebral haemorrhage in 0.9% of cases, while MRI identified it in
3.5%. Haemorrhagic transformation was detected in 1.3% by CT and in 6.6% by MRI. CT
missed about 75% cases of primary intracerebral haemorrhage.

Although magnetic resonance imaging (MRI) offers better soft-tissue detail resolution and
early ischemic detection (Jia et al., 2025), CT continue to be the most widely available and
accessible imaging modality in most Nigerian hospitals. Early CT scanning in stroke setting
is crucial for distinguishing ischemic from haemorrhagic lesions which enables timely
treatment interventions and improve outcomes.

A major limitation of this study is its retrospective nature, which limited the availability of
structured clinical details and follow-up imaging in cases of need. The absence of MRI
correlation may have led to underestimation of subtle ischemic changes. Nonetheless, the
study provides valuable insight into the prevailing CT patterns of stroke in our environment
and contributes to the growing body of regional data essential for improving stroke
management and prevention strategies.

CONCLUSION

Brain CT remains vital in the initial assessment of patients presenting with clinical
symptoms of stroke. The study revealed that cerebral infarction represents the most
prevalent type of stroke lesion, predominantly affecting middle-aged males, followed by
cerebral atrophy, common in the elderly. The findings also highlight the increasing burden
of stroke and the need for measures to reduce the burden through strengthened public
health awareness targeting modifiable vascular risk factors such as HTN, diabetes, and
smoking, as well as imaging in the early setting of any suspected stroke case.
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