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Abstract

Background

Like other countries in sub-Saharan Africa, Madagascar has a high burden of stroke. The
Malagasy population is unique in sharing both African and Asian ancestry. The proportion of
ischemic and hemorrhagic stroke types is unknown for this population.

Aim
Our aim was to establish the proportion of stroke types and known risk factors for the Mala-
gasy population.

Methods

We conducted a single-center, tertiary-level hospital-based case series. We included all
patients with a CT-imaging confirmed stroke who presented at the emergency ward of the
study hospital between January 1, 2017, and November 20, 2018.

Results

Of 223 patients with CT-confirmed stroke, 57.4% (128/223, 95% Cl: 51-64%) had an ische-
mic stroke and 42.6% (95/223, 95% CI: 36—-49%) had an intracranial hemorrhage. The
majority (89.5%; 85/95, 95% CI: 83—-96%) of intracranial hemorrhages were intracerebral;
4.2% (4/95, 95% Cl: 0-8%) had a subdural hematoma, 5.3% (5/95, 95% CIl: 1-10%) had a
subarachnoid hemorrhage, there was one isolated intraventricular hemorrhage (1.1%; 1/95,
95% ClI: -1-3%). The prevalence of hypertension among stroke patients was high (86.6%;
187/216, 95% Cl: 82-91%).
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Conclusions

Our study is the first to report the proportion of stroke types and known risk factors in Mada-
gascar. We find that the proportion of hemorrhagic strokes was unexpectedly higher than
that reported from other countries in sub-Saharan Africa. Our findings highlight the need for
a country-specific approach to stroke prevention, treatment, and rehabilitation and provide
guidance on public health resource allocation in Madagascar.

Introduction

Stroke, one of the leading causes of permanent disability and the second leading cause of
death, accounts for 6 million deaths annually. Approximately 70% of these occur in low- and
middle-income countries [1, 2]. Sub-Saharan Africa (SSA), home to around a fifth of the
world’s population, bears a high burden of stroke with an age-standardized incidence rate of
up to 316 per 100,000, an age-standardized prevalence rate of 1,283 per 100,000, and a case
fatality over one month of 24% [3-5]. In addition, stroke in SSA is increasingly affecting a
younger age group and causes poorer long-term outcomes than in the developed world aggra-
vating the social and economic toll of disease [6, 7]. As the population of SSA is the fastest
growing and life expectancy is increasing most rapidly of all world regions, overall stroke prev-
alence is steadily rising [2, 8]. Strategies to reduce stroke burden and to adequately allocate
health resources are urgently needed.

Despite the rising tide of stroke, stroke research productivity is low while epidemiology and
proportion of stroke types are unknown in many countries in SSA [9]. The most recent esti-
mate of stroke burden from the Global Burden of Disease (GBD) project included only 62
studies with participants from SSA, a mere 1.5% of the 4,058 studies used for analysis [2]. Like-
wise, INTERSTROKE, the largest case-control study on stroke risk factors to date, included
only 3.6% of participants from SSA indicating challenges to follow-up and lack of health facili-
ties in which computed tomography (CT) scan or magnetic resonance imaging (MRI) were
available [9]. The World Health Organization, United States’ National Academy of Sciences as
well as the recently inaugurated African Stroke Organization urgently call for improving local
stroke data in SSA [10-12].

In Madagascar, one of the world’s least developed countries with a population of 27 million
[13], the estimated life-time risk of stroke is 15.5% [14]. According to the Ministry of Health,
stroke is the most common reason for in-hospital death albeit less than 5% of causes of deaths
in Madagascar are registered [15, 16]. To date, the proportion of stroke types has not been
described for the Malagasy population.

Our aim was to characterize the proportion of stroke types in a hospital-based case series of
imaging-confirmed stroke patients. In addition, we describe the prevalence of known risk fac-
tors and fatality rates.

Methods
Study setting

This study was conducted at Soavinandriana Military Hospital in Antananarivo, a 454-bed
national referral hospital. A CT scanner was available 24/7. Thrombolytic therapy was not
available. There was no dedicated stroke unit. Healthcare at the hospital was free for civil ser-
vants and their families.
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Study design

This was a retrospective hospital-based study including all patients with a CT-imaging con-
firmed stroke and accessible patient files who presented at the emergency ward of the hospital
between January 1, 2017, and November 20, 2018.

Case finding methods and inclusion criteria

We identified cases based on the hospital’s emergency room register, which contained a brief
medical history of all patients who sought admission for an acute illness. We extracted all cases
that had a neurological deficit of sudden onset including weakness, sensory loss or inattention,
speech disturbances (dysarthria or aphasia), visual problems, limb ataxia and gait unsteadiness,
as well as non-specific signs including dizziness, seizures, loss of consciousness, impaired cog-
nitive function, and thunderclap headache. We retrieved the medical records of patients with
at least one of these symptoms and who were subsequently admitted to the hospital. Of those,
we included all patients whose medical record contained CT images of the brain showing an
ischemic or hemorrhagic stroke.

Exclusion criteria

Patients whose medical records or CT images could not be retrieved from hospital archives
were excluded.

Data collection and data entry

Medical records. We digitized medical records using a digital camera (EOS 550D DSLR,
Canon). Data were entered into a standardized data collection form by three trained data col-
lectors (JR, AS, RA). Data extracted from medical records included sociodemographic charac-
teristics (sex and age), clinical characteristics (symptoms upon arrival, time of symptom onset,
admission to the ER, and CT scan, duration of hospital stay, and in-hospital mortality), ultra-
sound findings (echocardiography and carotid duplex scan), lab tests (glycated hemoglobin,
lipid profile), medical history, and risk factors (hypertension, diabetes, body mass index,
tobacco- and alcohol-consumption, family history of stroke). Data quality was continuously
monitored by a supervisor who trained the data collection team. Data were crosschecked and
screened for double entries, out of range values, and overall consistency. We anonymized data
at the data entry level to protect participants’ personal identifiable information.

Imaging data acquisition and interpretation. Nonenhanced CT was performed on a
multidetector CT scanner (SOMATOM Perspective CT VC40, Siemens). Images were developed
on X-ray film. We visualized and digitized those images using an X-ray film viewer and a high-
resolution digital camera (EOS 550D DSLR, Canon). Digitized images were read by a neuroradi-
ologist (ES) who entered the scan results into a standardized data collection form. Data extracted
from CT images included stroke subtype (ischemic or hemorrhagic), lesion side (right, left or
bilateral), age (acute, < 24 hours; subacute, 1-5 days; or chronic (> 5 days), lesion size (ischemic:
lacunar, < 2/3 of vascular territory, > 2/3 of vascular territory; hemorrhagic: intracerebral hemor-
rhage volume < 30 ml, intracerebral hemorrhage > 30 ml), lesion expansion, previous lesions
and white matter lesions (categorized according to the Fazekas scale (0, no lesions; 1, punctuate
lesions; 2, beginning confluence of lesions; 3, large confluent areas)) [17].

Ischemic strokes were classified by vascular territory into anterior cerebral, middle cerebral,
posterior cerebral, and vertebrobasilar artery strokes as well as strokes affecting more than one
vascular territory and by etiology (i.e., cardioembolism, small-vessel disease or undetermined
etiology). Intracranial hemorrhages were classified by location into typical (affecting the basal
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ganglia, thalamus, pons, or cerebellum) and atypical (all other locations) intracerebral hemor-
rhage as well as subarachnoid hemorrhage, and subdural hematoma.

Definitions of risk factors. Arterial hypertension, tobacco- and alcohol-consumption,
and a family history of stroke were self-reported risk factors. Overweight was recorded as a
risk factor if body-mass-index (BMI) was more than 25. Diabetes was either self-reported or
was newly diagnosed during hospitalization (glycated hemoglobin > 6,5%). Hyperlipidemia
was defined as blood lipid levels above the upper reference threshold of the hospital’s
laboratory.

Data analysis. We used descriptive statistics to summarize the data set and independent
t-tests to compare metric variables and Pearson’s Chi-Square for categorical variables. Analy-
ses were performed in SPSS (IBM SPSS Statistics, Version 25, 2017).

Ethics approval and consent to participate. This study was approved by the Institutional
Review Board of Soavinandriana Hospital (067/CENHOSOA/DG/DT) on June 28, 2018.
Informed consent was waived.

Results

We included a total of 223 patients with CT confirmed stroke diagnosis. Lipid profiles were
available for 62.3% (139/223, 95% CI: 56-69%) of patients, 29.1% (65/223, 95% CI: 23-35%)
had HbA1c measurements, whereas cardiac echo was performed in 24.2% (54/223, 95% CI:
19-30%) and carotid duplex sonography in 9.9% (22/223, 95% CI: 6-14%) of patients.

Medical history was assessed for hypertension in 96.9% (216/223, 95% CI: 95-99%), diabe-
tes in 80.7% (180/223, 95% CI: 76-86%), and tobacco consumption in 68.6% (153/223, 95%
CI: 63-75%) of patients.

Clinical and demographic characteristics

Demographic and clinical characteristics are summarized in Table 1 stratified according to stroke
type. Patients with hemorrhagic strokes were younger (60 (51-67) vs. 64 (58-72) years, p = 0.003)
and more likely to be male (69.5% (95% CI: 60-79%) vs. 55.5% (95% CI: 47-64%), p = 0.034) than
patients with ischemic strokes. Most patients (71.8%; 160/223, CI: 66-78%) arrived later than 6
hours after symptom onset; a first CT scan was obtained 3.2 (2.2-5.7) hours after initial presenta-
tion. Fig 1 summarizes clinical characteristics upon presentation by stroke type.

Imaging characteristics

Of 223 patients, 57.4% (128/223, 95% CI: 51-64%) had an ischemic and 42.6% (95/223, 95%
CI: 36-49%) a hemorrhagic stroke (Fig 2). Of ischemic and hemorrhagic strokes combined,
45.7% (102/223, 95% CI: 39-52%) were in the left and 41.7% (93/223, 95% CI: 35-48%) in the
right hemisphere. One in eight (12.5%, 28/223, 95% CI: 8-17%) was located bilaterally.

Ischemic stroke

Vascular territories affected by ischemic strokes (128/223) are depicted in Fig 2. We found
strokes affecting more than two-thirds of a vascular territory in 29.7% (38/128, 95% CI: 22—
38%), less than two-thirds in 50% (64/128, 95% CI: 41-59%), and lacunar strokes in 20.3%
(26/128, 95% CI: 13-27%) of patients. Based on imaging, stroke etiology was undetermined in
most patients (75.5%; 96/128, 95% CI: 67-83%). Imaging was suggestive of small vessel occlu-
sion in 15.6% (20/128, 95% CI: 9-22%) and cardioembolism as the cause of stroke in 9.4% (12/
128; 95% CI: 4-15%) of patients. Almost half of patients 39.4% (50/127, 95% CI: 31-48%) had
lesions consistent with previous strokes. White matter lesions indicating chronic small vessel
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Table 1. Demographic and clinical characteristics by stroke type.

Total® Is? HS? p-value®
Total 223 (100) 128 (57.4) 95 (42.6)
Sex 223 128 95
female 86 (38.6) 57 (44.5) 29 (30.5) 0.034
male 137 (61.4) 71 (55.5) 66 (69.5)
Age 223 128 95
median age; years (IQR) 62 (54-69) 64 (58-72) 59 (51-67) 0.003
24-35 2(0.9) 2(1.6) 0
36-50 32 (14.3) 9(7.0) 23 (24.2)
51-65 99 (44.4) 57 (44.5) 42 (44.2)
66-80 70 (31.4) 47 (36.7) 23 (24.2)
81-94 20 (9.0) 13 (10.2) 7 (7.4)
Time between symptom onset and arrival at ER 223 128 95
<3h 36 (16.1) 16 (12.5) 20 (21.1)
3-4.5h 15 (6.7) 9(7.0) 6(6.3)
4.5-6h 12 (5.4) 4(3.1) 8(8.4)
6-24h 86 (38.6) 52 (40.6) 34 (35.8)
24-72h 36 (16.1) 23 (18.0) 13 (13.7)
72h-7d 22(9.9) 12 (9.4) 10 (10.5)
>7d 16 (7.2) 12 (9.4) 4(4.2)
Time between ER admission and CT scan 223 128 95
median time; hours (IQR) 3.2 (2.2-5.7) 3.2 (2.2-6.3) 3.2 (2.3-5.4) 0.826
Length of hospital stay 164 104 60
median length; days (IQR) 12.5(8.2-18.2) 11.8 (9.4-18.4) 15.6 (13.3-21.4) 0.868
<7d 16 (9.8) 12 (11.5) 4(6.7)
7d-2w 69 (42.1) 54 (51.9) 15 (25.0)
2-4w 65 (39.6) 26 (25.0) 39 (65.0)
> 4w 14 (8.5) 12 (11.5) 2(3.3)
Death 223 128 95
yes 49 (22.0) 22(17.2) 27 (28.4) 0.045
Length of hospitalization until death 48 22 26
median length; days (IQR) 6.9 (3.2-12.9) 12.8 (5.6-15.3) 4.6 (1.4-10.0) 0.179
< 24h 4(8.3) 0 4(15.4)
24h-7d 21 (43.8) 9 (40.9) 12 (46.2)
7d-2w 13 (27.1) 6(27.3) 7 (26.9)
> 2w 10 (20.8) 7 (31.8) 3(11.5)

IS = ischemic stroke; HS = hemorrhagic stroke

IQR = interquartile range

# Number and (%), if not indicated otherwise

® Statistical tests: chi-square test of independence

https://doi.org/10.1371/journal.pone.0276199.t001

disease were present in 71.1% (91/128, 95% CI: 63-79%) of patients. Table 2 summarizes the
imaging characteristics of patients with ischemic stroke.

Intracranial hemorrhage

Of 95 intracranial hemorrhages on CT imaging, 89.5% (85/95, 95% CI: 83-96%) were classified
as intracerebral hemorrhage, 5.3% (5/95, 95% CI: 1-10%) as subarachnoid hemorrhage, 4.2%
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Fig 1. Symptoms of patients with CT-confirmed stroke upon presentation in the emergency room by stroke type. Chi-square: * p<0.05; ** p<0.01; ***
p<0.001.

https://doi.org/10.1371/journal.pone.0276199.9001

(4/95, 95% CI: 0-8%) as subdural hemorrhage, and one patient (1.1%; 1/95, 95% CI: -1-3%)
had an isolated intraventricular hemorrhage without intraparenchymal hemorrhage. Most
intracerebral hemorrhages (76,5%; 65/85, 95% CI: 67-86%) were in the basal ganglia, thala-
mus, pons, or cerebellum, which are typical for a hypertensive etiology. Large hemorrhages
with volumes >30ml occurred in 28.0% (26/90, 95% CI: 19-38%) and intraventricular hemor-
rhages in 41.5% (39/94, 95% CI: 31-52%) of patients. Table 3 summarizes the imaging charac-
teristics of patients with hemorrhagic stroke.

Ultrasound imaging

S1 Table in S1 File summarizes echocardiographic and carotid duplex sonography findings by
stroke type.

In-hospital mortality

Forty-nine patients died during the hospital stay (22.0%; 49/223, 95% CI: 17-28%). In-hospital
mortality differed significantly between ischemic stroke (17.2%; 22/128, 95% CI: 11-24%) and
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Fig 2. Radiological classification of ischemic and hemorrhagic stroke types. Panel A depicts the distribution to ischemic vs. hemorrhagic stroke as
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ACA, anterior cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebral artery; ICH, intracerebral hemorrhage.
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hemorrhagic stroke (28.4%; 27/95, 95% CI: 19-38%, p = 0.045, Table 1). Most in-hospital
deaths were directly attributed to the brain lesion (63.3%; 31/49, 95% CI: 49-77%). Secondary
causes of death included chest infection, respiratory failure and cardiac infarction.

Risk factors

Hypertension was the most prevalent risk factor across all groups 187/216 (86.6%; 187/216,
95% CI: 82-91%), followed by active alcohol consumption 38.8% (59 /152, 95% CI: 31-47%),
tobacco consumption 29.4% (45/153, 95% CI: 22-37%), and diabetes 17.8% (32/180, 95% CI:
12-23%). Alcohol consumption was more common among patients with a hemorrhagic stroke
(64.0% (48/75,95% CI: 53-75%) vs. 45.5% (35/77, 95% CI: 34-57%), p = 0.022); diabetes was
more common among patients with ischemic stroke (23.6% (25 /106, 95% CI: 15-32%) vs.
9.5% (7/74, 95% CI: 3-16%), p = 0.015). Blood lipid profiles revealed dyslipidemia in 30.2%
(42/139, 95% CI: 23-38%) of patients. One-third 34.7% (25/72, 95% CI: 24-46%) were over-
weight (body-mass-index >25). Table 4 summarizes contributing risk factors among patients
with ischemic or hemorrhagic stroke.

Discussion

Our study describes the proportion of stroke types in Madagascar using a hospital-based,
imaging-confirmed series of cases. The conspicuous strengths of our study were the inclusion
of stroke patients irrespective of an individual’s financial situation to reduce the risk of selec-
tion bias and use of a standardized image analysis protocol.

Among our study population, the majority had ischemic strokes (128/223; 57.4%) predomi-
nantly in the middle cerebral artery territory followed by lacunar strokes. Hemorrhagic strokes
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Table 2. Imaging characteristics of patients with ischemic stroke.

Total®
128 (100)
Side of stroke lesion 128
left 56 (43.8)
right 56 (43.8)
both 16 (12.5)
Age of lesion 128
acute (< 24h) 73 (57.0)
subacute (24h-5d) 14 (10.9)
chronic (> 5d) 39 (30.5)
unclear 2 (1.6)
Vascular territory 128
ACA 6 (4.7)
MCA 84 (65.6)
PCA 11 (8.6)
vertebro-basilar 6 (4.7)
multiple 21(16.4)
Size of lesion 128
lacunar 26 (20.3)
< 2/3 of territory 64 (50.0)
> 2/3 of territory 38 (29.7)
Stroke subtype 128
cardioembolism (embolic stroke) 12 (9.4)
small-vessel occlusion (lacune) 20 (15.6)
undetermined etiology 96 (75.0)
Previous stroke on CT 50/127 (39.4)
White matter lesions 128
Fazekas 0 37 (28.9)
Fazekas 1 35(27.3)
Fazekas 2 26 (20.3)
Fazekas 3 30 (23.4)

ACA = anterior cerebral artery; MCA = middle cerebral artery; PCA = posterior cerebral artery

? Number and % if not indicated otherwise

https://doi.org/10.1371/journal.pone.0276199.t002

accounted for 95/223 (42.6%) of cases and the majority occurred in locations typical for hyper-
tensive intracerebral hemorrhage. Almost 90% of stroke patients had hypertension, underscor-
ing the importance of implementing effective prevention strategies to reduce stroke burden.
Around a third of ischemic and hemorrhagic strokes were severe, affecting more than 2/3 of a
vascular territory or exceeding a bleeding volume of 30ml indicating high levels of functional
disability and emphasizing the need for stroke rehabilitation. The median age of our study
population was 62 years and patients were more likely to be male (61.4%), exemplifying the
substantial economic impact of stroke in Madagascar by affecting a relatively young and pro-
ductive population.

Scientific literature on stroke in Madagascar is scarce. The Pubmed/MEDLINE database
contains only six publications using the search terms “stroke” and “Madagascar”, three of
which are hospital-based case series. None included an unselected sample of imaging-con-
firmed stroke patients. Razafindrasata et al. included only patients with acute motor deficits;
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Table 3. Imaging characteristics of patients with hemorrhagic stroke.

Total®
95 (100)

Side of stroke lesion 95

left 46 (48.4)

right 37 (38.9)

both 12 (12.6)
Age of lesion 95

acute (< 24h) 90 (94.7)

subacute (24h-5d) 5(5.3)

chronic (> 5d) 0

unclear 0
Intracerebral hemorrhage 85/95 (89.5)
Location of origin 85

typical 65 (76.5)

atypical 20 (23.5)
Intraventricular hemorrhage 39/94 (41.5)
Infratentorial origin of hemorrhage 8/95 (8.4)
ICH volume >30ml 26/90 (28.9)
Subarachnoid hemorrhage 5/95 (5.3)
Subdural hemorrhage 4/95 (4.2)

ICH = intracerebral hemorrhage

# Number and (%), if not indicated otherwise

https://doi.org/10.1371/journal.pone.0276199.t003

150 of 227 patients had CT imaging, 45% of those were hemorrhagic strokes [18]. Rasaholiari-
son et al. included only patients with lacunar strokes; all 83 patients had CT imaging, 67% of
those were hemorrhagic strokes [19]. Stenumgérd et al. report clinical characteristics, socio-
demographic factors, and outcomes in 30 consecutive stroke patients but only 3 of those had a
CT [20]. Remaining publications on stroke in Madagascar are case reports [21-23].

The Stroke Investigative Research and Educational Network (SIREN) study, the largest
study on the proportion of stroke types and associated risk factors in SSA to date, included
2,118 consecutive case-control pairs from Ghana and Nigeria [24]. INTERSTROKE, an inter-
national case-control study included 973 stroke patients from Mozambique, Nigeria, South
Africa, Sudan, and Uganda [25]. Compared to results from SIREN and INTERSTROKE,
stroke patients in Madagascar were older (59.0 and 58.7 vs. 62.1 years) and had a higher likeli-
hood of hemorrhagic stroke (32% and 30.2% vs. 42.6%); hypertension was the most common
risk factor in all studies. Hypertension, the most important risk factor for stroke, is common
in Madagascar but not more common than in other countries in SSA. Using previous guide-
line recommendations, 27.0% and 29.7% of rural and urban populations in Madagascar have
hypertension defined as blood pressure readings greater than 140/90 mm Hg [26]. This is simi-
lar to the prevalence of hypertension found in rural and peri-urban populations in Uganda,
South Africa, Tanzania, and Nigeria [27]. Taken together, the higher rate of hemorrhagic
strokes in our study might be caused by other modifiable risk factors or genetic predisposition
to intracerebral hemorrhage [28, 29].

Compared to other hospital-based case series in SSA ranging from 25.9 to 41.1% of all
stroke patients [30-32], the fatality rate in our study (22.0%) was low. This indicates either suc-
cessful treatment or selection bias which might have been caused excluding patients who died
in the emergency room before being admitted to hospital.
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Table 4. Contributing risk factors among patients with ischemic or hemorrhagic stroke.

Total® Is? HS? p-value®
Total 223 (100) 128 (57.4) 95 (42.6)
Stroke family history 42 24 18
11/42 (26.2) 3/24 (12.5) 8/18 (44.4) 0.020
Tobacco 153 85 68
non-smoker 71 (46.4) 38 (44.7) 33 (48.5) 0.411
active smoker 45 (29.4) 23 (27.1) 22 (32.4)
former smoker 37 (24.2) 24 (28.2) 13 (19.1)
Alcohol 152 77 75
no consumption 69 (45.4) 42 (54.5) 27 (36.0) 0.012
active consumption 59 (38.8) 21(27.3) 38 (50.7)
former consumption 24 (15.8) 14 (18.2) 10 (13.3)
Hypertension 216 127 89
187 (86.6) 113 (89.0) 74 (83.1) 0.216
Diabetes 180 106 74
32(17.8) 25 (23.6) 7 (9.5) 0.015
BMI 72 43 29
median; BMI (IQR) 23.5(20.3-25.8) 24.2 (19.5-25.7) 22.0 (20.6-26.5) 0.570
<18.5 9 (12.5) 8(18.6) 1(3.4)
18.5-25.0 38 (52.8) 19 (44.2) 19 (65.5)
25.0-30.0 18 (25.0) 10 (23.3) 8(27.6)
30.0-35.0 6(8.3) 5(11.6) 1(3.4)
>35.0 1(1.4) 1(2.3) 0
HbAlc 65 45 20
normal 32 (49.2) 19 (42.2) 13 (65.0) 0.090
increased 33 (50.8) 26 (57.8) 7 (35.0)
Total cholesterol 157 96 61
normal 134 (85.4) 81 (84.4) 53 (86.9) 0.681
decreased 9(5.7) 5(5.2) 4 (6.6)
increased 14 (8.9) 10 (10.4) 4(6.6)
LDL cholesterol 139 83 56
normal 97 (69.8) 55 (66.3) 42 (75.0) 0.185
increased 42 (30.2) 28 (33.7) 14 (25.0)
HDL cholesterol 142 84 58
normal 63 (44.4) 35(41.7) 28 (48.3) 0.834
decreased 79 (55.6) 49 (58.3) 30 (51.7)
Triglycerides 156 96 60
normal 133 (85.3) 83 (86.5) 50 (83.3) 0.585
decreased 3(1.9) 1(1.0) 2(3.3)
increased 20 (12.8) 12 (12.5) 8(13.3)

IS = ischemic stroke; HS = hemorrhagic stroke

BMI = body mass index (kg/m?); HbA1lc = glycated hemoglobin; LDL = low-density lipoprotein; HDL = high-density lipoprotein
IQR = interquartile range

* Number and % if not indicated otherwise

® Statistical tests: chi-square test of independence

https://doi.org/10.1371/journal.pone.0276199.t004
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Our study has limitations. First, the results of our single-center study in an urban setting
might not reflect the true community burden of stroke. However, access to healthcare includ-
ing CT scans was free of charge at the study hospital for patients reducing selection bias other-
wise introduced by a households’ ability to pay [33]. In addition, prompt imaging and
comprehensive investigation would not have been feasible in a community-setting. Second,
the study hospital being a tertiary-level referral hospital might have introduced a selection bias
towards more severe cases of stroke, which might explain the relatively high mortality rate.
Third, by including CT-confirmed strokes only, minor strokes for which a CT scan might not
have been performed or posterior circulation strokes, for which CT imaging is known to be
less sensitive, might be underrepresented. Fourth, while medical records including demo-
graphic and clinical data were available for all patients, they were not equally thorough and
self-reported medical history may lead to an underestimation of negative findings. On the
other hand, patients’ medical history was consistently assessed for relevant risk factors, like
hypertension, in 96.9% of records. Fifth, clinical data on stroke severity was limited and no
standardized data on stroke severity was available. Nevertheless, we used imaging characteris-
tics to determine stroke severity. Last, our study was not designed to assess stroke prevalence
or incidence, as the details of the source population from which the study hospital draws its
patients from were unknown.

In conclusion, our study results contribute to determining the clinical outcome
and prognosis of stroke patients in Madagascar and provide guidance on public health
resource allocation for stroke prevention, treatment, and rehabilitation. In addition, our
results may encourage community-based stroke surveillance studies to be conducted in
Madagascar.

Supporting information

S1 File. Ultrasound imaging by stroke type.
(PDF)

Author Contributions

Conceptualization: Julia Riedmann, Solofo Ralamboson, Matthias Endres, Bob Siegerink,
Samuel Knauss, Julius Valentin Emmrich.

Data curation: Julia Riedmann, Andriamihaja Flavien Solonavalona, Adriamboahanginiaina
Ravosoa Rakotozafy, Eberhard Siebert.

Formal analysis: Julia Riedmann, Eberhard Siebert, Julius Valentin Emmrich.

Funding acquisition: Matthias Endres, Samuel Knauss, Julius Valentin Emmrich.
Investigation: Samuel Knauss, Julius Valentin Emmrich.

Methodology: Julia Riedmann, Bob Siegerink, Samuel Knauss, Julius Valentin Emmrich.
Project administration: Samuel Knauss, Julius Valentin Emmrich.

Resources: Solofo Ralamboson.

Supervision: Samuel Knauss, Julius Valentin Emmrich.

Writing - original draft: Julia Riedmann, Samuel Knauss, Julius Valentin Emmrich.

Writing - review & editing: Samuel Knauss, Julius Valentin Emmrich.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276199 October 14, 2022 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276199.s001
https://doi.org/10.1371/journal.pone.0276199

PLOS ONE

Proportion of stroke types in Madagascar

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

Feigin VL, Krishnamurthi RV, Parmar P, Norrving B, Mensah GA, Bennett DA, et al. Update on the
Global Burden of Ischemic and Hemorrhagic Stroke in 1990-2013: The GBD 2013 Study. Neuroepide-
miology. 2015; 45(3):161-76. https://doi.org/10.1159/000441085 PMID: 26505981

Johnson CO, Nguyen M, Roth GA, Nichols E, Alam T, Abate D, et al. Global, regional, and national bur-
den of stroke, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. The Lan-
cet Neurology. 2019; 18(5):439-58. https://doi.org/10.1016/S1474-4422(19)30034-1 PMID: 30871944

Global Burden of Disease Collaborative Network. Global Burden of Disease Study (GBD 2019) 2019.
Available from: http://ghdx.healthdata.org/gbd-results-tool.

Adoukonou T, Kossi O, Fotso Mefo P, Agbétou M, Magne J, Gbaguidi G, et al. Stroke case fatality in
sub-Saharan Africa: Systematic review and meta-analysis. Int J Stroke. 2021; 16(8):902—16. https://doi.
org/10.1177/1747493021990945 PMID: 33527885

Akinyemi RO, Ovbiagele B, Adeniji OA, Sarfo FS, Abd-Allah F, Adoukonou T, et al. Stroke in Africa: pro-
file, progress, prospects and priorities. Nature Reviews Neurology. 2021; 17(10):634-56. https://doi.
org/10.1038/s41582-021-00542-4 PMID: 34526674

Krishnamurthi RV, Moran AE, Feigin VL, Barker-Collo S, Norrving B, Mensah GA, et al. Stroke Preva-
lence, Mortality and Disability-Adjusted Life Years in Adults Aged 20-64 Years in 1990-2013: Data
from the Global Burden of Disease 2013 Study. Neuroepidemiology. 2015; 45(3):190-202. https://doi.
org/10.1159/000441098 PMID: 26505983

Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, Connor M, Bennett DA, et al. Global and
regional burden of stroke during 1990-2010: findings from the Global Burden of Disease Study 2010.
Lancet. 2014; 383(9913):245-54. https://doi.org/10.1016/s0140-6736(13)61953-4 PMID: 24449944

Wan He IA, Dzifa Adjaye-Gbewonyo. Africa Aging: 2020. U.S. Government Printing Office, Washington
D.C.: U.S. Census Bureau; 2020.

O’Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL, Rao-Melacini P, et al. Risk factors for ischaemic and
intracerebral haemorrhagic stroke in 22 countries (the INTERSTROKE study): a case-control study.
Lancet. 2010; 376(9735):112—23. https://doi.org/10.1016/S0140-6736(10)60834-3 PMID: 20561675

Johnson W, Onuma O, Owolabi M, Sachdev S. Stroke: a global response is needed. Bull World Health
Organ. 2016; 94(9):634—a. https://doi.org/10.2471/BLT.16.181636 PMID: 27708464

Institute of Medicine Committee on Preventing the Global Epidemic of Cardiovascular Disease: Meeting
the Challenges in Developing C. The National Academies Collection: Reports funded by National Insti-
tutes of Health. In: Fuster V, Kelly BB, editors. Promoting Cardiovascular Health in the Developing
World: A Critical Challenge to Achieve Global Health. Washington (DC): National Academies Press
(US). Copyright © 2010, National Academy of Sciences.; 2010.

Akinyemi R, Sarfo F, Abd-Allah F, Ogun 'Y, Belo M, Francis P, et al. Conceptual framework for establish-
ing the African Stroke Organization. Int J Stroke. 2021; 16(1):93-9. https://doi.org/10.1177/
1747493019897871 PMID: 32026763

Bank World. Madagascar Population 2019. Available from: https://data.worldbank.org/indicator/SP.
POP.TOTL?locations=MG.

Feigin VL, Nguyen G, Cercy K, Johnson CO, Alam T, Parmar PG, et al. Global, Regional, and Country-
Specific Lifetime Risks of Stroke, 1990 and 2016. N Engl J Med. 2018; 379(25):2429-37. https://doi.
org/10.1056/NEJMoa1804492 PMID: 30575491

Byass P, de Courten M, Graham WJ, Laflamme L, McCaw-Binns A, Sankoh OA, et al. Reflections on
the global burden of disease 2010 estimates. PLoS Med. 2013; 10(7):e1001477. https://doi.org/10.
1371/journal.pmed.1001477 PMID: 23843748

Ministére de la Santé de Madagascar. Politique nationale de prévention et lutte intégrée contre les mal-
adies chroniques non transmissibles. Available from: https://www.mindbank.info/item/5445.

Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA. MR signal abnormalities at 1.5 T in Alzhei-
mer’s dementia and normal aging. AJR Am J Roentgenol. 1987; 149(2):351-6. https://doi.org/10.2214/
ajr.149.2.351 PMID: 3496763

Razafindrasata RS, Rasaholiarison NF, Razafimahefa J, Tehindrazanarivelo AD. Motor deficit outcome
in patients with stroke in the neurology unit of the Befelatanana University Hospital in Antananarivo.
Med Sante Trop. 2017; 27(4):421-5. https://doi.org/10.1684/mst.2017.0718 PMID: 29313511

Rasaholiarison NF, Randrianasolo RO, Rajaonarison LA, Rakotomanana JL, Razafimahefa J, Tehin-
drazanarivelo AD. [Frequency and characteristics of strokes involving the perforating arteries in the
Department of Neurology at the Befelatanana General Hospital, Antananarivo]. Pan Afr Med J [Inter-
net]. 2017 2017; 28:[76 p.]. Available from: http://europepmc.org/abstract/MED/29255546. https://doi.
org/10.11604/pam;j.2017.28.76.13593 PMID: 29255546

PLOS ONE | https://doi.org/10.1371/journal.pone.0276199 October 14, 2022 12/13


https://doi.org/10.1159/000441085
http://www.ncbi.nlm.nih.gov/pubmed/26505981
https://doi.org/10.1016/S1474-4422%2819%2930034-1
http://www.ncbi.nlm.nih.gov/pubmed/30871944
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1177/1747493021990945
https://doi.org/10.1177/1747493021990945
http://www.ncbi.nlm.nih.gov/pubmed/33527885
https://doi.org/10.1038/s41582-021-00542-4
https://doi.org/10.1038/s41582-021-00542-4
http://www.ncbi.nlm.nih.gov/pubmed/34526674
https://doi.org/10.1159/000441098
https://doi.org/10.1159/000441098
http://www.ncbi.nlm.nih.gov/pubmed/26505983
https://doi.org/10.1016/s0140-6736%2813%2961953-4
http://www.ncbi.nlm.nih.gov/pubmed/24449944
https://doi.org/10.1016/S0140-6736%2810%2960834-3
http://www.ncbi.nlm.nih.gov/pubmed/20561675
https://doi.org/10.2471/BLT.16.181636
http://www.ncbi.nlm.nih.gov/pubmed/27708464
https://doi.org/10.1177/1747493019897871
https://doi.org/10.1177/1747493019897871
http://www.ncbi.nlm.nih.gov/pubmed/32026763
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=MG
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=MG
https://doi.org/10.1056/NEJMoa1804492
https://doi.org/10.1056/NEJMoa1804492
http://www.ncbi.nlm.nih.gov/pubmed/30575491
https://doi.org/10.1371/journal.pmed.1001477
https://doi.org/10.1371/journal.pmed.1001477
http://www.ncbi.nlm.nih.gov/pubmed/23843748
https://www.mindbank.info/item/5445
https://doi.org/10.2214/ajr.149.2.351
https://doi.org/10.2214/ajr.149.2.351
http://www.ncbi.nlm.nih.gov/pubmed/3496763
https://doi.org/10.1684/mst.2017.0718
http://www.ncbi.nlm.nih.gov/pubmed/29313511
http://europepmc.org/abstract/MED/29255546
https://doi.org/10.11604/pamj.2017.28.76.13593
https://doi.org/10.11604/pamj.2017.28.76.13593
http://www.ncbi.nlm.nih.gov/pubmed/29255546
https://doi.org/10.1371/journal.pone.0276199

PLOS ONE

Proportion of stroke types in Madagascar

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Stenumgard PS, Rakotondranaivo MJ, Sletvold O, Follestad T, Ellekjaer H. Stroke in a resource-con-
strained hospital in Madagascar. BMC Res Notes. 2017; 10(1):307. https://doi.org/10.1186/s13104-
017-2627-4 PMID: 28738901

Andriamasinavalona RL, Finiavana RN. [Migrainous cephaleas revealing stroke due to carotid dissec-
tion]. Pan Afr Med J. 2017; 28:165. https://doi.org/10.11604/pamj.2017.28.165.12620 PMID: 29541311

Rakototiana AF, Ramorasata AC, Rakoto-Ratsimba HN, Hunald FA, Rajaobelison T, Rantomalala HY.
[Pheochromocytoma revealed by stroke in a child]. Arch Pediatr. 2008; 15(10):1531—4. https://doi.org/
10.1016/j.arcped.2008.07.013 PMID: 18804978

Lemahafaka G, Camara A, Rajaonarison L, Vallet F. [Ischemic stroke despite normal brain MRI: about
acase]. Pan Afr Med J. 2016; 25:22. https://doi.org/10.11604/pamj.2016.25.22.10413 PMID: 28154714

Owolabi MO, Sarfo F, Akinyemi R, Gebregziabher M, Akpa O, Akpalu A, et al. Dominant modifiable risk
factors for stroke in Ghana and Nigeria (SIREN): a case-control study. Lancet Glob Health. 2018; 6(4):
e436—e46. https://doi.org/10.1016/S2214-109X(18)30002-0 PMID: 29496511

O’Donnell MJ, Chin SL, Rangarajan S, Xavier D, Liu L, Zhang H, et al. Global and regional effects of
potentially modifiable risk factors associated with acute stroke in 32 countries INTERSTROKE): a
case-control study. Lancet. 2016; 388(10046):761-75. https://doi.org/10.1016/S0140-6736(16)30506-
2 PMID: 27431356

Ratovoson R, Rasetarinera OR, Andrianantenaina |, Rogier C, Piola P, Pacaud P. Hypertension, a
Neglected Disease in Rural and Urban Areas in Moramanga, Madagascar. PLoS One. 2015; 10(9):
e€0137408. https://doi.org/10.1371/journal.pone.0137408 PMID: 26355997

Guwatudde D, Nankya-Mutyoba J, Kalyesubula R, Laurence C, Adebamowo C, Ajayi |, et al. The bur-
den of hypertension in sub-Saharan Africa: a four-country cross sectional study. BMC Public Health.
2015; 15:1211. https://doi.org/10.1186/s12889-015-2546-z PMID: 26637309

Owolabi MO, Akarolo-Anthony S, Akinyemi R, Arnett D, Gebregziabher M, Jenkins C, et al. The burden
of stroke in Africa: a glance at the present and a glimpse into the future. Cardiovasc J Afr. 2015; 26(2
Suppl 1):527-38. https://doi.org/10.5830/CVJA-2015-038 PMID: 25962945

Flaherty ML, Woo D, Haverbusch M, Sekar P, Khoury J, Sauerbeck L, et al. Racial variations in location
and risk of intracerebral hemorrhage. Stroke. 2005; 36(5):934—7. https://doi.org/10.1161/01.STR.
0000160756.72109.95 PMID: 15790947

Russell JBW, Charles E, Conteh V, Lisk DR. Risk factors, clinical outcomes and predictors of stroke
mortality in Sierra Leoneans: A retrospective hospital cohort study. Ann Med Surg (Lond). 2020;
60:293-300. https://doi.org/10.1016/j.amsu.2020.10.060 PMID: 33204420

Nkusi AE, Muneza S, Nshuti S, Hakizimana D, Munyemana P, Nkeshimana M, et al. Stroke Burden in
Rwanda: A Multicenter Study of Stroke Management and Outcome. World Neurosurg. 2017; 106:462—
9. https://doi.org/10.1016/j.wneu.2017.06.163 PMID: 28698086

Sarfo FS, Akassi J, Awuah D, Adamu S, Nkyi C, Owolabi M, et al. Trends in stroke admission and mor-
tality rates from 1983 to 2013 in central Ghana. J Neurol Sci. 2015; 357(1-2):240-5. https://doi.org/10.
1016/}.jns.2015.07.043 PMID: 26293417

McLane HC, Berkowitz AL, Patenaude BN, McKenzie ED, Wolper E, Wabhlster S, et al. Availability,
accessibility, and affordability of neurodiagnostic tests in 37 countries. Neurology. 2015; 85(18):1614—
22. https://doi.org/10.1212/WNL.0000000000002090 PMID: 26446063

PLOS ONE | https://doi.org/10.1371/journal.pone.0276199 October 14, 2022 13/13


https://doi.org/10.1186/s13104-017-2627-4
https://doi.org/10.1186/s13104-017-2627-4
http://www.ncbi.nlm.nih.gov/pubmed/28738901
https://doi.org/10.11604/pamj.2017.28.165.12620
http://www.ncbi.nlm.nih.gov/pubmed/29541311
https://doi.org/10.1016/j.arcped.2008.07.013
https://doi.org/10.1016/j.arcped.2008.07.013
http://www.ncbi.nlm.nih.gov/pubmed/18804978
https://doi.org/10.11604/pamj.2016.25.22.10413
http://www.ncbi.nlm.nih.gov/pubmed/28154714
https://doi.org/10.1016/S2214-109X%2818%2930002-0
http://www.ncbi.nlm.nih.gov/pubmed/29496511
https://doi.org/10.1016/S0140-6736%2816%2930506-2
https://doi.org/10.1016/S0140-6736%2816%2930506-2
http://www.ncbi.nlm.nih.gov/pubmed/27431356
https://doi.org/10.1371/journal.pone.0137408
http://www.ncbi.nlm.nih.gov/pubmed/26355997
https://doi.org/10.1186/s12889-015-2546-z
http://www.ncbi.nlm.nih.gov/pubmed/26637309
https://doi.org/10.5830/CVJA-2015-038
http://www.ncbi.nlm.nih.gov/pubmed/25962945
https://doi.org/10.1161/01.STR.0000160756.72109.95
https://doi.org/10.1161/01.STR.0000160756.72109.95
http://www.ncbi.nlm.nih.gov/pubmed/15790947
https://doi.org/10.1016/j.amsu.2020.10.060
http://www.ncbi.nlm.nih.gov/pubmed/33204420
https://doi.org/10.1016/j.wneu.2017.06.163
http://www.ncbi.nlm.nih.gov/pubmed/28698086
https://doi.org/10.1016/j.jns.2015.07.043
https://doi.org/10.1016/j.jns.2015.07.043
http://www.ncbi.nlm.nih.gov/pubmed/26293417
https://doi.org/10.1212/WNL.0000000000002090
http://www.ncbi.nlm.nih.gov/pubmed/26446063
https://doi.org/10.1371/journal.pone.0276199

