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Background. Stroke is a leading cause of morbidity and mortality. Most deaths occur in low- and middle-income countries, with the
incidence predicted to increase as populations undergo socioeconomic and epidemiological changes. Knowledge of contributing factors in
a South African (SA) population can be used to drive healthcare initiatives to modify this burden of disease.
Objectives. To analyse epidemiological data on patients with stroke presenting to an emergency department in Johannesburg, SA.
Methods. The study was a 12-month descriptive, retrospective review of medical records, undertaken at a tertiary-level hospital. Patients’
records were selected based on the presumptive diagnosis of stroke. Data collected included ethnicity, age, gender, risk factors, signs and
symptoms at presentation, and computed tomography (CT) brain scan findings.
Results. Of 312 records reviewed, 160 were eligible for inclusion. The mean age of the patients included was 57.7 years, and 64 patients
(40%) had CT-confirmed haemorrhagic strokes. Hypertension was the most common comorbidity/risk factor identified, in the sample as a
whole (n=93; 58%) and in both patients with haemorrhagic (n=33; 52%) and ischaemic strokes (n=56; 61%). Diabetes was the second most
common comorbidity/risk factor (n=23; 14%), and was three times more likely in patients with ischaemic strokes (n=19; 20%) compared
with haemorrhagic strokes (n=4; 6%).
Conclusions. Stroke is an important healthcare concern for SA. Our study demonstrated a lower mean age of patients presenting with
stroke compared with high- and upper middle-income countries, and a higher proportion of haemorrhagic strokes. Several modifiable risk
factors such as hypertension and diabetes were identified. Data collection on a regional and national level is important to drive targeted
healthcare initiatives.
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Stroke is the second leading cause of mortality globally, resulting
in >6 million deaths per year, and is the third leading cause of
adult physical disability.[1-4] The majority of deaths resulting from
stroke occur in low- and middle-income countries (LMICs).[5] The
incidence of stroke is increasing in sub-Saharan Africa, including
in South Africa (SA), as the region undergoes socioeconomic and
epidemiological changes resulting in an increased burden of noncommunicable diseases and an ageing population.[6,7]
Stroke was declared a catastrophic illness in SA at the Joint World
Congress of Stroke in 2007.[6] In SA, stroke is the second leading cause
of death after HIV/AIDS.[5] Although community-based studies and
population surveillance data are lacking, the crude stroke mortality
was estimated to be 127/100 000 in people aged >35 years in rural SA.[7]
Stroke is largely preventable with appropriate control of modifiable
comorbidities and/or risk factors that contribute to this disease.[6]
The most commonly associated modifiable comorbidities and/or risk
factors that contribute to stroke are hypertension, smoking, obesity,
high cholesterol, physical inactivity, low fruit and vegetable intake,
diabetes and alcohol consumption.[6] Other contributing factors
include increasing age and HIV infection. Africa has the highest
burden of hypertension worldwide, which is generally considered the
strongest risk factor for stroke.[8,9] People with hypertension are three
to four times more likely to have a stroke.[10] In a study of patients
attending general practice, it was found that hypertension affects all
race groups in SA and was present in more than half of the patients
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attending general practice.[9] Furthermore, this study found that
black patients were more likely to have hypertension compared with
other race groups.[9] Similar studies in the USA found that African
American patients were more likely to have hypertension than other
race groups.[9]
Stroke incidence and management in SA are further complicated
by the high burden of HIV infection, with an estimated prevalence
of 20% and the majority of people infected aged <50 years.[11] HIV
is an important comorbidity/risk factor for stroke with multiple
mechanisms implicated, including vasculopathy, coagulopathy and
an increased likelihood of opportunistic infections.[12]
Advances in the acute management of stroke as well as in
rehabilitation and long-term care have resulted in lower mortality
and dependence, especially in high-income countries (HICs).[13]
The most recent SA stroke care guidelines (2010) recommend that
patients with a suspected stroke should be managed by a dedicated
stroke unit, including medical staff, physiotherapists, occupational
therapists, speech therapists and social workers.[6] There is evidence
that outcomes improve when stroke patients are prioritised and
receive early brain imaging, when their candidacy for thrombolysis
is assessed early, and when ongoing hospital management is by a
multidisciplinary team. There has been a drive towards establishment
of stroke units across the country to improve the care of stroke
patients, but the reality remains that most people who suffer a stroke
in SA will have limited access to stroke care and rehabilitation.[14]
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The primary imaging modality used in stroke diagnosis is the
computed tomography (CT) scan. The goal of early CT scanning is
to assist in the diagnosis of the patient who presents with signs and
symptoms consistent with a stroke, to determine the presence of
intracranial haemorrhage, and to rule out space-occupying lesions
and stroke mimics.[15] The rapid performance of a CT scan enables
timely decision-making with regard to potential thrombolysis and
ongoing management.
While the exact cost of stroke care in SA is not known, it is
reasonable to infer that the high stroke burden places great pressure
on the country’s healthcare system, leading to significant healthcare
expenditure in addition to the social costs incurred by patients and
their families. A recent estimate is that stroke accounts for 1.6 - 3%
of healthcare expenditure, with 80% of that incurred for inpatient
care. [16] To improve stroke care and mitigate the effect that strokes
have on the SA healthcare system, local data are needed to effectively
plan the delivery of stroke services and prevention strategies.[8]
There is a paucity of data on stroke in SA. The healthcare discrepancies
between the public and private sectors as well as geographically
between urban and rural areas make it difficult to determine the actual
burden of disease. Stroke registries could potentially bridge this lack
of knowledge. They provide epidemiological data and data on current
healthcare initiatives and could guide new policy making, not only to
keep up with global standards but also to tailor policy making for our
very heterogeneous population. National and regional stroke registries
are used in many countries around the world, but SA has yet to develop
and implement one.

Objectives

To analyse recent epidemiological data on patients presenting to a
tertiary-level government hospital in Johannesburg, SA, with acute
neurological deficit suggestive of a stroke.

Methods

The study was a descriptive, retrospective review of medical records,
conducted in the emergency department (ED) at Helen Joseph
Hospital, a tertiary academic hospital. The ED mostly attends to adult
patients because there is a mother and child hospital nearby. Stroke is
primarily managed by ED physicians, with admission to and further
management by the internal medicine department. There is no
dedicated stroke unit. The sample was collected over a 1-year period
from 1 January to 31 December 2018.
Patients were selected from ED registers based on the recorded
diagnoses. Diagnoses used to select patients included stroke or
cerebrovascular accident (CVA), focal neurological signs (such as
hemiparesis and gait abnormalities, visual disturbances and pupillary
findings, aphasia and seizures) or altered mental status. ED clerking
sheets were obtained from the records department, and further
information was gathered from CT scan reports.
A standardised data collection sheet was used to gather raw data.
This was solely done by the principal investigator (ST). Data collected
from the ED clerking sheet included age, gender, comorbidities and
risk factors for stroke, presenting signs and symptoms (including
triage blood pressure (BP) or the first BP reading), and time from
onset of the neurological deficit to presentation to the ED. This
information was recorded by the ED doctor who assessed the patient
at the time of presentation. All patients who were included had a CT
scan from the ED, and these results were also collected.
Exclusion criteria included missing files and ED clerking sheets
or missing records of CT scan results, patients <18 years of age,
patients who presented to the ED but did not have a CT scan at
the time of initial consultation, and any patient seen for a primary
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trauma-related injury or whose final diagnosis was something other
than stroke.
Raw data were captured by the researcher and were analysed
using SPSS version 22 (IBM, USA). Descriptive statistics were
presented as frequencies and percentages for categorical variables
and as means, standard deviations (SDs), medians and ranges for
continuous numerical data. Normality of distribution was examined
by testing the skewness of data for gender (0.2), age (0.1) and stroke
types (0.4). The skewness value for each of these variables was ≤0.5
and therefore an indication of sufficiently normally distributed data.
Parametric statistical methods were therefore used in the subsequent
analysis. The prevalence of stroke types by patient demographics was
compared using χ2 and Fisher’s exact tests. The independent-samples
t-test was used to do the same according to patient age. A binomial
logistic regression model was run to determine the odds ratios
(ORs) for ischaemic v. haemorrhagic stroke in terms of underlying
stroke risk factors. Significance testing was set at the 95% confidence
level (95% CI), and a p-value <0.05 therefore indicated statistically
significant differences.
The study was assessed and approved by the postgraduate assessors
meeting of the University of the Witwatersrand, and final ethics
approval was obtained from the Human Research Ethics Committee
of the University (ref. no. M1911155).

Results

Of a total of 312 ED patient records that were reviewed based on
triage diagnosis, 160 were eligible for the study and were included in
the analysis. The remainder of the records were excluded because of
missing clerking sheets, a final diagnosis other than stroke, patients
who did not receive a CT scan from the ED, or missing CT scan
data.

Demographic data

Of the 160 patients included in the study, 87 (54%) were female and
73 (46%) were male. The age range was 28 - 90 years (mean (SD) 57.7
(14.9) years). When the mean age of stroke patients was compared
between race groups, the mean age for black patients was significantly
younger than that for white patients (p<0.01) and Indian patients
(p=0.04), but was not significantly different from that for coloured
patients (p=0.97). Demographic data are set out in Table 1.
CT scan findings demonstrated that ischaemic stroke was more
prevalent in the sample (n=96; 60%) compared with haemorrhagic
stroke (n=64; 40%). Mean age of stroke type and type by gender are
presented in Table 2. Ischaemic stroke was more prevalent among
females (n=56) compared with males (n=40), i.e. 64% v. 55%, while
haemorrhagic stroke was more prevalent among males (n=33)
compared with females (n=31), i.e. 45% v. 36%. However, these
differences based on gender were not statistically significant (p=0.22).
Patients with haemorrhagic stroke (mean (SD) 53.1 (13.2) years)
were significantly younger than patients with ischaemic stroke (mean
(SD) 60.7 (15.3) years) (p=0.01).
Males were more likely than females to have a stroke at a younger
age in both the ischaemic (p=0.01) and haemorrhagic groups (p=0.02).

Comorbidities, risk factors and stroke

The comorbidities and risk factors noted in our sample are presented
in Table 3.
Hypertension was the most common comorbidity/risk factor
identified in the sample. The proportion of hypertensive ischaemic
stroke patients (n=59; 61%) was higher than that of hypertensive
haemorrhagic stroke patients (n=33; 52%). However, this was a
marginal and statistically non-significant difference (p=0.94).
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Table 1. Stroke prevalence according to demographic data – race, age and gender (N=160)
Race
Black
White
Coloured
Indian
Other

N
86
44
15
11
4

Male, n (%)
37 (43)
15 (34)
11 (73)
6 (55)
4 (100)

Female, n (%)
49 (57)
29 (66)
4 (27)
5 (45)
0

Age (years), mean (range)
53.8 (29 - 87)
65.0 (34 - 86)
56.3 (35 - 90)
65.6 (40 - 84)
42.8 (28 - 55)

Ischaemic stroke, n (%)
49 (57)
28 (64)
9 (60)
8 (73)
2 (50)

Haemorrhagic stroke, n (%)
37 (43)
16 (36)
6 (40)
3 (27)
2 (50)

Table 2. Comparison of mean age by gender in ischaemic and haemorrhagic stroke
Gender
Male
Female
Total

N
40
56
96

Ischaemic stroke
Age (years), mean (95% CI)
56.2 (51.6 - 60.9)
63.8 (59.8 - 67.9)
60.7

Haemorrhagic stroke
Age (years), mean (95% CI)
48.6 (44.2 - 53.3)
57.9 (53.4 - 62.5)
53.1

N
33
31
64

Table 3. Comorbidities and risk factors noted in the sample
Comorbidity/risk
factor
Hypertension
Diabetes
Previous CVA
HIV
Smoking
Cardiovascular disease

N (%)
92 (58)
23 (14)
18 (11)
19 (12)
12 (8)
10 (6)

Black
(N=86), %
56
15
9
21
5
3

White
(N=44), %
59
16
18
0
11
9

Coloured
(N=15), %
73
13
13
0
7
13

Indian
(N=11), %
64
9
0
0
18
9

Other
(N=4), %
0
0
0
25
0
0

Haemorrhagic
stroke, %
52
6
6
9
5
2

Ischaemic
stroke, %
61
20
15
14
9
9

p-value
0.94
0.04
0.22
0.18
0.24
0.09

CVA = cerebrovascular accident.

Diabetes was the second most common comorbidity/risk factor
identified in the sample. The proportion of diabetic ischaemic stroke
patients (n=19; 20%) was higher than that of diabetic haemorrhagic
stroke patients (n=4; 6%). In this sample, patients with diabetes were
more likely to experience an ischaemic stroke than a haemorrhagic
stroke (p=0.02).
Likelihood ratio tests were performed for each comorbidity for
ischaemic v. haemorrhagic stroke. Diabetes was three times more
likely in ischaemic stroke patients compared with haemorrhagic
stroke patients (OR 3.42; 95% CI 1.03 - 11.33; p=0.04). There were
no significant differences in the ORs for the other risk factors noted
in Table 3. Comorbidities and risk factors that are associated with
stroke, such as obesity and hypercholesterolaemia, were not included
in this sample.

Signs and symptoms at presentation

Signs and symptoms were recorded on the ED clerking sheet. BP
and Glasgow Coma Scale (GCS) score were not documented for
all patients, but the data available were analysed. Missing data is
therefore a limitation of the study in this regard. In our sample it was
noted that patients who presented with a higher BP and suspected
stroke were more likely to have a haemorrhagic stroke as opposed
to an ischaemic stroke, as seen in Table 4 (p=0.04). Although this
finding is strongly significant, it should be interpreted with caution
in view of the missing data.
Patients who presented with a lower GCS score and a stroke were
more likely to have a haemorrhagic stroke than an ischaemic stroke,
as seen in Table 4 (p=0.01). Again, this significant finding should be
interpreted in the light of limited available data.
Most patients who presented to the ED had some focal neurological
signs that assisted in making the diagnosis of stroke, most commonly
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left or right hemiplegia. Other signs that were present in the sample
included visual disturbances, confusion, vomiting and headache, but
these symptoms were neither common nor significant.

Timing of symptom onset

The majority of patients who presented to the ED with a stroke were
beyond the thrombolysis window (which extends to 3 - 4.5 hours),
as seen in Table 5.

CT scan findings

The CT scan findings were reported by radiologists. The locations
of intracerebral pathology for haemorrhagic strokes are presented
in Table 6.
In 64 of the CT scans that demonstrated haemorrhagic strokes,
the extent of the intracranial bleed was commented on by the
radiologist: 37 (56%) had evidence of intraventricular extension of
the haemorrhage on the CT scan, 27 (39%) had evidence of midline
shift, and 8 (13%) had evidence of tonsillar herniation.
The location of ischaemic stroke was described in 67 CT scans.
The parietal lobe was most frequently affected (n=24; 36%). The
affected vessel was described more readily on the CT scans that noted
an ischaemic stroke (n=95) compared with the description on the
location. The middle cerebral artery was most commonly affected
(n=85; 89%).
The radiologists commented on the temporal nature of 73
ischaemic lesions noted on CT scans. Of these lesions, 41% were
acute, 55% were subacute, and 4% were mixed subacute and chronic.

Discussion

The ED at Helen Joseph Hospital attends to ~60 000 patients per
year. Our study sample of 160 patients (0.27%) is comparable to the
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Table 4. Signs and symptoms at presentation to the emergency department
Ischaemic, n (%)
N=42
4 (10)
3 (7)
5 (12)
9 (21)
21 (50)
21 (50)
21 (50)
N=33
24 (73)
7 (21)
2 (6)
N=96
53 (55)
43 (45)

Signs and symptoms
BP (mmHg)
Normal (<130/85)
High normal (130 - 139/85 - 89)
Mild hypertension (140 - 159/90 - 99)
Moderate hypertension (160 - 179/100 - 109)
Severe hypertension (>180/110)
Total >180/110
Total <180/110
GCS score
Mild (13 - 15)
Moderate (8 - 12)
Severe (≤7)
Hemiplegia
Left
Right

Type of stroke
Haemorrhagic, n (%)
N=31
1 (3)
2 (6)
3 (10)
2 (6)
23 (74)
23 (74)
8 (26)
N=33
13 (39)
7 (21)
13 (39)
N=64
28 (43)
36 (57)

BP = blood pressure; GCS = Glasgow Coma Scale.

Table 5. Time to presentation to the emergency department
(N=56)
Time
0 - 2.5 hours
2.5 - 4.5 hours
4.5 - 24 hours
>24 hours
Upon waking

n (%)
11 (20)
15 (27)
6 (11)
18 (32)
6 (11)

Table 6. Location of haemorrhagic stroke as noted on
computed tomography scan (N=61)
Location
Basal ganglia
Subarachnoid haemorrhage
Thalamus
Pons
Parietal lobe
Other

n (%)
26 (43)
12 (20)
8 (13)
6 (10)
4 (7)
5 (8)

crude incidence of stroke estimated in a population-based study in
the Agincourt subdistrict in Mpumalanga Province, a rural part of
SA (244 per 100 000).[5]
The incidence of stroke increases with increasing age. It is estimated
that the risk of stroke doubles every decade above 55 years. [11] In subSaharan Africa, stroke commonly affects people aged >60 years,
while in developed countries the incidence increases most rapidly
between 70 and 75 years.[11] The mean age of patients in our study
was 57.7 years, which is comparable to the 59.8 years in a similar
study recently conducted in KwaZulu-Natal Province,[17] showing
that stroke occurs at younger ages in sub-Saharan Africa. It was also
noted that males had strokes at younger ages than females. Having
a stroke at a relatively young age means more disease-adjusted lifeyears and years lived with disability for stroke survivors, as well as
higher socioeconomic and psychosocial costs for survivors who are
no longer able to provide for family members and dependants.[18]
The majority of patients in the present study were black (54%).
While the study reflected some of the ethnic diversity seen in urban
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areas in SA, in more rural areas the population is predominantly
black and little diversity exists. The mean age of stroke in black
patients was younger than in the other races in this study.
The incidence of ischaemic v. haemorrhagic stroke differs
depending on the population that is studied. It is generally considered
that ischaemic stroke accounts for 80 - 85% of all stroke cases, and
haemorrhagic stroke for 15 - 20%.[6,10] In HICs, such as the USA,
ischaemic strokes contribute to 87% of the stroke burden.[19] The
highest incidence of haemorrhagic stroke cases and deaths occur
in LMICs.[13,20] Previous studies showed that haemorrhagic stroke
accounted for a larger proportion of strokes in Africa (34% of stroke
cases).[10] In our sample, haemorrhagic strokes accounted for 40% of
total cases.
Hypertension was the most common comorbidity/risk factor,
being present in 45% of the patients in our sample. This diagnosis was
based on history at presentation to the ED. This figure is comparable
to a study that examined vascular comorbidities/risk factors in
general practice, in which it was found that 55% of all patients
attending general practice had hypertension.[9] We expected a high
proportion of patients to have hypertension. While most of the cases
of high BP measured in the ED are due to premorbid hypertension,
an acute hypertensive response may occur in some patients following
a stroke. This response occurs in the first 24 hours after the stroke
and is defined as an elevated BP above premorbid values.[21] The
pathophysiology is multifactorial, but centres around disruption of
autoregulatory pathways that leads to increased sympathoadrenal
drive while stifling parasympathetic mechanisms, perpetuated stress
response, and increased intracranial pressure. However, in some cases
it may be due to underlying undiagnosed hypertension.[21]
There is a trend, as noted in this study, towards hypertension,
previous CVA and cardiovascular disease being more prevalent in
coloured and Indian population groups presenting with new-onset
stroke, but this warrants further investigation and is beyond the scope
of our current study.
Hypertension is an important comorbidity/risk factor for
haemorrhagic stroke and is more likely to result in deep intracerebral
haemorrhage (ICH) rather than lobar ICH.[20] The mean age of
patients who experienced a haemorrhagic stroke in our study was
younger, 53.1 years, compared with the mean age of 60.7 years for
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ischaemic stroke. We also noted that younger males were more likely
to have haemorrhagic stroke than ischaemic stroke.
Half of the haemorrhagic strokes were subarachnoid haemorrhages
(SAHs). In the present study, we did not differentiate between
aneurysmal v. non-aneurysmal SAH. Most of the haemorrhagic
strokes were located in the basal ganglia. The basal ganglia is the
most common site for spontaneous ICH and is associated with the
worst prognosis.[22] Of the patients with haemorrhagic stroke, more
than half had evidence of intraventricular extension, which is a poor
prognostic factor. Other poor prognostic factors for ICH include low
initial GCS score, large volume of the bleed (>30 cm3), infratentorial
origin of the ICH, old age (>80 years), advanced white-matter lesions,
being underweight at admission, hyperglycaemia at admission, and
chronic kidney disease.[20,22] The outcomes of patients with ICH are
beyond the scope of this study.
Diabetes is an independent comorbidity/risk factor for stroke and
is more commonly associated with ischaemic stroke.[23] Diabetes
causes microvascular and macrovascular changes that can ultimately
result in stroke.[24] Of our sample, 14% had diabetes. We found that
diabetes was three times more likely in ischaemic stroke than in
haemorrhagic stroke.
HIV contributes to an increased risk of stroke.[24] The present
sample included 12% of patients who had HIV. Considering the high
burden of HIV in SA, this is likely to be an underestimate, which
we attribute to poor history taking, inadequate record keeping and
patients being unaware of their diagnosis at the time of presentation.
It was also not always clear whether patients with known HIV
infection were on antiretroviral therapy. A recent study in KwaZuluNatal found a high prevalence of HIV in stroke of 20.58%.[17]
The timing of symptom onset was not recorded for every patient.
It was noted that some patients presented to the ED within 4.5 hours,
the current window in which thrombolysis could be considered, but
the majority presented beyond this window. A study done at the
same hospital, analysing the delays to CT scan in stroke patients,
noted that the average time to ED presentation was 33 hours and
the average time to CT scan 6 hours.[25] There are many reasons for
delays in hospital presentation, ranging from failure to recognise the
symptoms of stroke to transport issues, while in hospital the doctor
may not initially recognise the symptoms of stroke, or the CT scan
may be delayed.[25] This study did not take into account barriers to
and delays in patients getting a CT scan once in the hospital, but
undoubtedly these may have increased the time it took to make a
radiological diagnosis, even if the patient initially presented within
the intervention window for thrombolysis.

Study limitations

This study is limited by variable accuracy of completion of healthcare
records by doctors and the storage and maintenance of the clinical
files in order to review clinical notes. Data required for the study
may not have been present in the files. Future interventions such
as detailed templates, clinical auditing and feedback, dictation of
records to clerks and electronic-based records could be implemented
to improve overall medical record keeping. Furthermore, hospitalbased and nationally based databases could yield much more
information on stroke patients, with the aim of optimising their care.

Conclusions

This study reflects the burden of stroke faced in SA, particularly for
individuals with underlying comorbidities and risk factors such as
hypertension and diabetes. On average, stroke in our study occurred
at a younger age than in the developed world. Male patients had
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first strokes at younger ages than female patients. There was a high
proportion of CT-confirmed haemorrhagic strokes, many of which
had both clinical and radiological features indicating poor prognosis.
Stroke remains an important healthcare burden, with its incidence
predicted to increase. It is clear that small hospital-based studies
are not adequate to describe the growing epidemic of stroke in SA.
Furthermore, it is clear that primary healthcare initiatives need to
be the focus of ongoing stroke care in SA, with early recognition of
comorbidity and early treatment.
Information such as that from this study, along with other
similar studies, could be used to develop a national stroke registry.
National stroke registries may be the key in providing up-to-date
epidemiological data on stroke, and could therefore be used to guide
future healthcare initiatives.
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