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Abstract

Objective: Given the high post-stroke mortality and disability and paucity of data on the quality of
stroke care in Sub-Saharan Africa, we sought to characterize the implementation of stroke-
focused treatments and 90-day outcomes of neuroimaging-confirmed stroke patients at the largest
referral hospital in Tanzania.

Design: Prospective cohort study.

Setting: Muhimbili National Hospital (MNH) in Dar es Salaam, July 2016-March 2017.
Participants: Adults with new-onset stroke (<14 days), confirmed by head CT, admitted to MNH.
Main outcomes measures: Modified Rankin scale (mRS) and vital status.

Results: Of 149 subjects (mean age 57; 48% female; median NIH stroke scale (NIHSS) 19; 46%
ischemic stroke; 54% hemorrhagic), implementation of treatments included: dysphagia screening
(80%), deep venous thrombosis prophylaxis (0%), aspirin (83%), antihypertensives (89%) and sta-
tins (95%). There was limited ability to detect atrial fibrillation and carotid artery disease and no
acute thrombolysis or thrombectomy. Of ischemic subjects, 19% died and 56% had severe disabil-
ity (mRS 4-5) at discharge; 49% died by 90 days. Of hemorrhagic subjects, 33% died and 49% had
severe disability at discharge; 50% died by 90 days. In a multivariable model, higher NIHSS score
but not dysphagia, unconsciousness, or patient age was predictive of death by 90 days.
Conclusions: The 90-day mortality of stroke presenting at MNH is 50%, much higher than in higher
income settings. Although severe stroke presentations are a major factor, efforts to improve the
quality of care and prevent complications of stroke are urgently needed. Acute stroke interven-
tions with low number needed to treat represent challenging long-term goals.

Key words: ischemic stroke, intracranial hemorrhage, Africa, quality measurement, patient outcomes, needs assessment, equity
in healthcare, developing countries, mortality
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Introduction

It is widely recognized that stroke mortality in Sub-Saharan Africa
(SSA) is high [1, 2]. However, detailed data from patients presenting
with stroke in these settings are lacking, especially in regards to the
quality and implementation of stroke-focused hospital care.
Furthermore, due to resource limitations and the lack of uniform
reporting, stroke severity assessments using the NIH Stroke Scale
(NIHSS) score and head computed tomography (CT) imaging reviewed
by trained neuroradiologists are uncommon. Dedicated stroke units
and stroke registries are nearly absent, and uniform follow-up through-
out a hospital stay and beyond discharge is infrequent in SSA [3].

In Tanzania, a low-income country in Eastern SSA, stroke out-
comes are reported from rural (Hai) and urban (Dar es Salaam) dis-
tricts. One study showed the age adjusted yearly stroke rates were
108.6 per 100000 person-years in Hai but 315.9 per 100000 in
Dar es Salaam. The incidence in Hai was similar to that found in
high-income countries, but the incidence in Dar es Salaam was
much higher [4]. Given the high stroke incidence, high post-stroke
mortality and disability [5], and the lack of detailed stroke care data
in SSA, our objective was to characterize the implementation of clin-
ical characteristics, treatments, and 90-day outcomes of patients
with neuroimaging-confirmed stroke. Patients were assessed at
Tanzania’s largest public referral hospital, Muhimbili National
Hospital (MNH) in Dar es Salaam, with the goal of future interven-
tional studies at MNH to improve stroke care and outcomes.

Methods

Ethics approval

The Ethics Committee of MNH, the National Institute of Medical
Research of Tanzania and the Partners Healthcare institutional
review board (Boston, USA) approved this study. Written informed
consent was obtained, signed by the subject or next of kin.

Location

MNH serves as an academic teaching and public assistance hospital.
MNH receives patients from throughout the country as well as
transfers from smaller healthcare facilities. One male and one female

neurology ward each hold approximately 25 beds. Although there is
no dedicated stroke unit, most of the neurology ward is dedicated to
stroke. The number of stroke patients admitted varies from 2 to 7
per day [6]. There are four adult neurologists working at MNH.
MNH has 1 MRI machine, 2 CT machines, radiologists and radi-
ology technicians.

Enrollment

At MNH, adults >18 years of age with acute stroke (within 14 days)
were enrolled prospectively by study physicians from July 2016 to
March 2017. Subjects and next of kin were informed that they were
participating in an observational study of stroke treatments and out-
comes. The World Health Organization definition of stroke [7], ‘rap-
idly developing clinical signs of focal disturbance of cerebral function,
lasting more than 24 h or leading to death with no apparent cause
other than that of vascular origin,” was used. Subjects were excluded
if they had: transient ischemic attacks (symptoms <24 h and non-
fatal), traumatic hemorrhage, primary subarachnoid hemorrhage, or
were unable to provide consent and did not have a family member
present. There were no payments to participants.

Clinical evaluation and care

Subjects’ demographic information, medical history, prior medica-
tions and history of presentation were recorded. Blood pressure,
heart rate and temperature were recorded on arrival. An NIHSS
score [8] was assessed within 48 h of arrival; all assessors were certi-
fied in the NIHSS. Subjects were also screened for dysphagia by
nursing staff. If subjects were unconscious, they were considered to
have ‘failed’ the screen. In addition, the implementation of the fol-
lowing stroke-focused care was recorded: deep venous thrombosis
prophylaxis, antithrombotics, antihypertensives, statins, cardiac
monitoring, vessel imaging, carotid endarterectomy, thrombolysis
and thrombectomy.

Laboratory tests

Serum was collected at the time of enrollment. It was tested for HIV
via rapid antibody test, and confirmed by ELISA and Uni-GoldTM

symptom onset
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the hospital within 14 days of
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Died by end of follow-up: 28/69
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Figure 1 Flow chart of subjects by the study’s inclusion and exclusion criteria. Computed tomography (CT).
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tests. Serum sodium, creatinine, and glucose were also tested in the
Emergency Department.

Neuroimaging

Stroke subtype was determined by head CT during hospitalization
(Siemens, Somatom, Definition Flash, 128 axial slices, 0.5-10 mm
thickness), which was interpreted by both a local radiologist and a
Boston-based neuroradiologist. Subjects were excluded if the CT led
to a diagnosis other than stroke (Fig. 1). For ischemic strokes, size
was rated as ‘small’ for lacunes or small emboli, ‘medium’ for partial
arterial territory and ‘large’ for complete territory involvement.
Hemorrhagic stroke was classified by the presence or absence of
intraventricular or subarachnoid extension of hemorrhage, and the
presence or absence of hydrocephalus. For hemorrhages, size was
rated as ‘small’ for petechial to ~10 cc, ‘medium’ for ~10-30 cc, and
‘large’ for >30 cc.

Follow-up

A modified Rankin scale (mRS) score was ascribed, ranging from 0
(no disability) to 6 (death) [9], at the time of discharge and 90 days
post-stroke onset. The subject or next of kin was contacted by tele-
phone a minimum of three times before he or she was deemed ‘lost
to follow-up.” If a subject died, the date of death was inquired of the
next of kin.

Statistical analyses

We summarized the data as counts and percentages, means and
standard deviations, and medians and interquartile ranges.
Percentages were calculated based on the number of non-missing
responses. Outcomes of interest were mRS at hospital discharge and
90-day follow-up, calculated based on the total number enrolled.
Survival curves were displayed using the Kaplan—-Meier method.
Cox proportional hazard regression models were constructed to
assess predictors of the time to death. The model covariates were
decided a priori based on clinical practice and knowledge.
Associations were described with hazard ratios and their associated
95% confidence intervals. Two-tailed P-values of <0.05 were con-
sidered statistically significant. Analyses were performed using SAS
software, version 9.4 (SAS Institute).

Results

Subjects

Of 211 subjects enrolled, 149 had head CT-confirmed stroke (69
ischemic and 80 hemorrhagic) (Fig. 1). No patient or proxy refused
enrollment. Thirty-two subjects met the clinical definition of stroke
but were later excluded due to a lack of evidence of stroke on CT. A
further 30 were excluded due to unavailable CT for secondary
review by the US neuroradiologist, mostly due to resource limitation
issues. Sixteen subjects were lost to follow-up by 90 days.

Stroke presentation

Baseline features of the cohort are shown in Table 1. Eighty-five per-
centage of subjects had no insurance, and 15% had government
insurance. Seventy-four percentage of subjects were transferred from
another hospital to MNH. While 83% of subjects reported they had
hypertension prior to stroke onset, only 49% were on antihyperten-
sive agents. The prevalence of HIV infection was 6.0% for those
with ischemic stroke and 10.4% for those with hemorrhagic.

Median NIHSS was 19. The median hospitalization time was 5.5
days.

Implementation of interventions

Eighty percentage of subjects underwent dysphagia screening and
none were treated with pharmacologic deep vein thrombosis (DVT)
prophylaxis or sequential compression devices (SCDs) (Table 2). For
secondary stroke prevention, 83% of ischemic stroke subjects were
discharged on aspirin, 95% on a statin and 89% on an antihyper-
tensive. No subject was monitored on continuous telemetry, pre-
scribed 30-day heart monitors or underwent vessel imaging. About
50% of subjects with atrial fibrillation (AF) detected were started on
warfarin and no subjects received carotid endarterectomy. None
underwent endovascular thrombectomy or received thrombolysis.

Head CT findings

Forty-six percentage of subjects had ischemic stroke, and 54% had
hemorrhagic stroke (Table 3). Sixty-eight percentage of ischemic
strokes were medium to large, while 70% of hemorrhagic strokes
were medium to large. Chronic microangiopathic white matter
change was present in 57% of subjects with ischemic stroke and
63% of subjects with hemorrhagic. Among the hemorrhagic strokes,
50% had intraventricular extension and 34% had hydrocephalus. A
high number of subjects (42%) with ischemic strokes had imaging
evidence of prior ischemic stroke.

Stroke outcomes

Among ischemic stroke subjects, 19% died and 56% had severe dis-
ability (mRS 4-5) during the hospitalization (Fig. 2A). At 90-day
follow-up, 49% died. Among hemorrhagic, 33% died and 49% had
severe disability during the hospitalization. At 90-day follow-up,
50% died. There was no difference comparing the survival curves of
ischemic and hemorrhagic stroke subjects (Fig. 2B) or male and
female subjects (not shown). For all strokes combined, older age,
dysphagia, higher NIHSS and unconsciousness each predicted mor-
tality in univariable analyses (Table 4). Of these variables, NIHSS at
presentation was the only factor associated with time to death in a
multivariable analysis.

Discussion

Our data describe the quality of care, characterize the implementa-
tion of stroke-focused treatments, and confirm existing reports of
poor outcomes following hospital admission for stroke in SSA. We
elucidate several important characteristics of stroke patients at
MNH that can lead to interventional research and programmatic
planning. Our study is strengthened by the inclusion of well-
characterized stroke subjects both clinically through NIHSS-certified
physician assessors as well as duplicate review of head CTs acquired
on hospital admission. It is also strengthened by prospectively
enrolled participants with extended follow-up with a median of 90
days, allowing for a pragmatic understanding of the sample sizes
needed for future clinical trials.

For the stroke-focused treatments for which we have recorded
the prevalence of implementation, the number needed to treat
(NNT) can help prioritize resources to improve the quality of care at
MNH (Table 2). While the NNT may be higher for these treatments,
an initial focus could include preventing post-stroke complications
and improving secondary stroke prevention strategies. Others have
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Table 1 Demographic and clinical characteristics of subjects presenting with stroke. Data are counts (n) and percentages (%), means and

standard deviations (SD), or medians and interquartile ranges (IQR).

Ischemic stroke, 7 (%) Hemorrhagic stroke, 7 (%) Total, 7 (%)
Sample size 69 (46.3) 80 (53.7) 149
Age in years, mean + SD 60.2 +13.6 54.7 +15.0 572+ 14.6
Female 35 (50.7) 37 (46.3) 72 (48.3)
Employment status
Employed 28 (40.6) 34 (42.5) 2 (41.6)
Peasant 11 (15.9) 5(6.3) 8 (12.1)
Homemaker 9 (13.0) 9 (11.3) 3(28.9)
Unemployed 14 (20.3) 29 (36.3) 6 (10.7)
Retired 7 (10.1) 3(3.8) 0(6.7)
Self-Reported Risk Factors
Hypertension 56 (81.2) 68 (85.0) 124 (83.2)
Diabetes mellitus 22 (31.9) 6 (7.5) 8 (18.8)
Obesity/Overweight 8 (11.6) 10 (12.5) 8 (12.1)
Family history of stroke 11 (15.9) 20 (25.0) 1(20.8)
Prior stroke 16 (23.2) 8 (10.0) (16 1)
Smoking (current or prior) 7 (10.1) 6 (7.5) 3 (8.
Illicit drug or alcohol use 13 (18.8) 9 (11.3) (14 8)
Prior Medications®
Aspirin 13 (18.8) 4(5.0) 17 (11.4)
Clopidogrel 4 (5.8) 4(2.7)
Antihypertensive 36 (52.2) 37 (46.3) 73 (49.0)
Statin 5(7.2) 1(1.3) 6 (4.0)
Oral contraceptive 1(1.4) 2 (2.5) 3(2.0)
Hypoglycemic 12 (17.4) 1(1.3) 13 (8.7)
Initial examination
Limb weakness 66 (95.7) 73 (91.3) 139 (93.3)
Altered level of consciousness 29 (42.0) 44 (55.0) 3 (49.0)
Aphasia 25 (36.2) 29 (36.3) 4(36.2)
NIH stroke scale score, median (IQR) 19 (13,25) 19 (13,27) 9 (13,26)
Intake Blood Pressure in mmHg, mean + SD
Systolic 150.8 +23.3 164.6 +25.6 1582 +25.4
Diastolic 90.2 + 18.4 99.1 £ 18.5 95.0 £ 18.9
Intake Heart Rate, beats per minute, mean + SD 92.6 +£20.3 86.6 +20.2 89.4 +20.4
HIV infection 4 (6.0) 8 (10.4) 12 (8.3)
Blood Glucose, mmol/l 8.6 +4.0 7.8+3.8 82+39
Serum Sodium, pmol/l 135.8 +10.0 136.2 +11.6 136.0 + 10.9
Serum Creatinine, pmol/l 117.6 + 103.9 137.0 + 99.2 127.7 + 101.6
Length of stay in days, median (IQR) 5 (3,12),n =355 6 (4,13),n =353 5.5(3,13),n=108
Received antibiotics 1(30.4) 5(31.3) 47 (30.9)
Pneumonia 6(23.2) 6 (31.3) 42 (28.2)
Urinary tract infection 5(7.2) 4 (5.0) 9 (6.0)
Dysphagia screen
Completed 52 (75.4) 67 (83.8) 119 (79.9)
Pass 31(59.6) 30 (44.8) 61(51.3)

*No subjects were taking anticoagulation

shown incentivizing adherence to quality metrics makes substantial
differences [10].

Prevention of post-stroke complications requires optimization at
MNH. Eighty percentage of subjects underwent dysphagia screen-
ing. Early dysphagia screening has a NNT of 12.8 patients to pre-
vent aspiration pneumonia [11]. Of subjects screened at MNH,
49% were reported to have dysphagia. Furthermore, 28% of all
subjects were treated for pneumonia with antibiotics during admis-
sion. A recent study of stroke at MNH hypothesized that 54% of
30-day mortality was secondary to aspiration pneumonia [6].
Percutaneous endoscopic gastrostomy (PEG) tubes were also
unavailable, and many subjects went home with nasogastric tubes.
PEG tubes have been shown to increase survival and decrease aspir-
ation [12]. In addition, no subjects were treated with pharmacologic

DVT prophylaxis or SCDs. Pharmacologic DVT prophylaxis has a
NNT of 4.2 to prevent DVT, and the addition of SCDs has a NNT
of 11.1 [13]. There were no DVTs or pulmonary emboli documen-
ted in our study; this likely represents under diagnosis. Others have
shown that up to 42% of stroke patients not treated with prophy-
laxis develop DVT and 10-20% experience pulmonary emboli [13].

Steps can also be made to improve secondary stroke prevention.
Eighty-three percentage of ischemic stroke subjects were discharged
on aspirin, 95% on a statin and 89% on an antihypertensive.
Aspirin started within 48 h has a NNT of 100 to prevent recurrent
stroke in 2 weeks [14]. A meta-analysis of antiplatelet therapy
showed that for patients with history of stroke, the NNT was 50 to
prevent a recurrent stroke and 91 to prevent vascular death after 3
years [15]. Statins, when started within 6 months, have a NNT of
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Table 2 Determining the implementation and largest impact of stroke interventions at Muhimbili National Hospital (MNH). GWTG (Get
with the Guidelines, US-based registry), DVT (deep vein thrombosis), ppx (prophylaxis), SCD (sequential compression device), ASA
(aspirin), ACEi (ACE inhibitor), AF (atrial fibrillation), CEA (carotid endarterectomy), tPA (tissue plasminogen activator), mRS (modified

Rankin score), ET (endovascular thrombectomy).

Ischemic stroke intervention™ % Implemented

% Implemented in

Trial [Reference] Absolute risk Number

at MNH** GWTG [Reference] reduction (%) needed to treat
Early dysphagia screen (24/7), Pneumonia during 80 68 [35] EDS [11] 12-3.8=8.2 12.8
admission
DVT ppx in 7 days, DVT during admission 0 89 [35] LMWH [39] 28-4 =24 4.2
SCD in 12 h, DVT during admission 0 N/A SCD [13] 9.2-0.2=9 11.1
ASA in 48 h, 14 days recurrent stroke 83 92 [40] IST [14] 3.9-2.8=1.1 100
ASA for stroke history, 3 years vascular event 83 98 [40] ATC [15] 22-18=4 26.3
Atorvastatin in 6 months, 5 years recurrent stroke 95 83 [40] SPARCL [16] 13-11=2 52.6
ACEi+/-diuretic after 2 weeks, 4 years recurrent 89 80 [40] PROGRESS [17] 14-10=4 26.7
stroke
Warfarin-adjusted vs. ASA/Warfarin-fixed for AF 50 94 [40] SPAFIII [18] 7.9-19=6 16.7
history, 1 year recurrent stroke
CEA for carotid stenosis in 120 days, 2 years 0 N/A NASCET [20] 26-9=17 5.9
recurrent stroke
tPA in 3 h, 90 days mRS 2-6 0 60 [35] NINDS [21] 73-61 =12 8.3
tPA in 4.5 h, 90 days mRS 2-6 0 60 [35] ECASSIII [22] 55-48=7 13.5
ET in 6 h, 90 days mRS 2-6 0 27 [41] HERMES [24] 87-73 = 14 7.1

*Intervention, outcome.

**For implementation at MNH at the time of discharge, 54/65 were on an antiplatelet agent, 3/57 anticoagulation, 52/55 statin, 50/56 antihypertensive, 52/64

underwent dysphagia screen. References in brackets

Table 3 Computed tomography data of subjects presenting with stroke. Count (n), percentage (%)

Ischemic stroke, 7 (%)

Hemorrhagic stroke, 7 (%) Total, 7 (%)

Stroke type 69 (46.3)

Prior infarction 29 (42.0)

Diffuse microangiopathic white matter change 39 (56.5)

Hemorrhagic conversion 4(5.8)

Intraventricular extension

Subarachnoid extension

Hydrocephalus

Size
Small 22 (31.9)
Medium 24 (34.8)
Large 23 (33.3)

Structures
Frontal lobe 42 (60.9)
Parietal lobe 27 (39.1)
Temporal lobe 15 (21.7)
Occipital lobe 4(5.8)
Putamen 5(7.2)
Caudate 3(4.3)
Internal capsule 2(2.9)
Thalamus 5(7.2)
Cerebellum 4 (5.8)
Pons 1(1.4)

80 (53.7) 149 (100)
15 (18.8) 44 (29.5)
50 (62.5) 89 (59.7)
4(2.7)
40 (50.0) 40 (26.8)
7 (8.8) 7(4.7)
27 (33.8) 27 (18.1)
24 (30.0) 46 (30.9)
53 (66.3) 77 (51.7)
3(3.8) 26 (17.4)
3(3.8) 45 (30.2)
6(7.5) 33 (22.1)
4(5.0) 19 (12.8)
2 (2.5) 6 (4.0)
34 (42.5) 39 (26.2)
1(1.3) 4(2.7)
2(1.3)
25 (31.3) 30 (20.1)
4(5.0 8 (5.4)
4 (5.0 5(3.4)

52.6 to prevent recurrent stroke after 5 years [16]. An ACE inhibitor
with or without a diuretic started 2 weeks after stroke has a NNT of
26.7 to prevent recurrent stroke after 4 years [17].

Several additional interventions represent moderately challenging
goals. At the time of admission, no subjects had known history of
AF. While an EKG was completed on most subjects, none were
monitored on continuous telemetry or prescribed 30-day heart
monitors at discharge. During the admission, 10% of ischemic

stroke subjects were found to have AF. About 50% of these were
started on anticoagulation at discharge, acknowledging that in some
it may not have been safe due to hemorrhage risk. In patients with
AF and at least one risk factor for stroke, warfarin has a NNT of
16.7 to prevent a stroke after 1 year of follow-up [18]. No subjects
underwent imaging for carotid artery stenosis, and none were
referred for carotid endarterectomy during the study period. While
one study questions the utility of carotid imaging in SSA [19],
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endarterectomy in North America, when performed within 120 days
of stroke, has a NNT of 5.9 to prevent any stroke and 9.4 to pre-
vent major or fatal stroke over 2 years [20].

Acute stroke therapies represent challenging long-term goals, with
large upfront costs and major system changes. No subjects received
intravenous thrombolysis or endovascular thrombectomy in this
study. While intravenous thrombolysis is technically available at
MNH, patients rarely arrive at the hospital within the time window.
To prevent disability at 90 days (mRS 2-6) from all ischemic strokes,
thrombolysis when given in 3h has a NNT of 8.3 [21] and when
given in 4.5 h has a NNT of 13.5 [22]. With the exception of South
Africa [23], thrombectomy is unavailable in SSA. A meta-analysis
showed that thrombectomy for strokes secondary to large vessel

Ischemic at
Davs (%) Discharge (%)

Hemorrhagic at Hemorrhagic at Ischemic at 90
90 Days (%)  Discharge (%)

mRS: 00 Ol @2 @3 =4 =5 =6

Ischemic

Survival Probability
o
&

Hemorrhagic

p=02

000 ¢

[} 25 50 75 100
Time (Days)

Figure 2 Modified Rankin Scale (mRS) scores (A) and Kaplan-Meier survival
curves (B) of subjects by stroke type.

occlusion has a NNT of 7.1 to prevent disability at 90 days (mRS
2-6) [24]. While this intervention is exceedingly costly upfront, one
prospective study in the US demonstrated that the long-term cost is
actually lower as significant disability is prevented [25].

There are also several interventions for which the NNT is not
calculable or a study could not be completed for ethical reasons.
Patients at MNH often have difficulty obtaining extraventricular
drains for the treatment of post-stroke hydrocephalus after hemor-
rhagic stroke. Patients’ families must leave the hospital and find
medical supply stores. Many cannot afford the kits. In the present
cohort, 50% of subjects had intraventricular extension of blood and
34% developed hydrocephalus. While no randomized trial exists
regarding the placement of drains for hydrocephalus, making drains
readily available at MNH would make an impact. There is also lim-
ited physical therapy available and no inpatient rehabilitation avail-
able after discharge. This likely prevents patients from reaching their
maximal recovery [26, 27].

Overall, we noted more hemorrhagic stokes and higher severity
of strokes at MNH compared to other regions. Even though our
study excluded traumatic and subarachnoid hemorrhages, intrapar-
enchymal with or without intraventricular hemorrhagic strokes
represented more than half of all strokes enrolled. An analysis of the
Get with the Guidelines stroke registry showed that of stroke pre-
sentations to US hospitals, 60% are ischemic strokes and 11% are
hemorrhagic [28]. Stroke subtype has been investigated in another
study in Tanzania. In both Hai and Dar es Salaam, 82% of strokes
were ischemic and 18% were hemorrhagic [29]. The strokes present-
ing to MNH were also severe in nature: the median NIHSS was 19
at MNH compared to 11 in a recent US-based hospital study (28).
Furthermore, 68% of ischemic strokes were medium to large, while
70% of hemorrhagic were medium to large. The higher percentage
of hemorrhagic strokes and large strokes in our study likely reflect
referral bias; people with smaller infarcts likely do not present to the
hospital. Given the severity of disease, this population stands to
benefit substantially from careful analyses of the quality of care pro-
vided. The type and severity of stroke also have implications for
resource utilization [30].

HIV infection in the present study approximated the general
population prevalence [31], affecting 6.0% of subjects with ischemic
stroke and 10.4% with hemorrhagic. In 2010, a study at MNH
showed that the prevalence of HIV in stroke subjects was approxi-
mately 20% [32]. Previous studies have shown HIV infection is
associated with a 5-fold increase in stroke risk and may worsen dis-
ability [33, 34].

Mortality at discharge at MNH was 19% for ischemic and 33%
for hemorrhagic stroke subjects as compared to 6% and 25%,
respectively, in the USA [35]. The 90-day mortality was approxi-
mately 50% for both stroke types at MNH. Post-stroke case fatality
has been reported in Tanzania. One study found a 24% mortality

Table 4 Cox proportional hazard models of survival over 90-day study for all stroke subjects. N = 148, Events = 66. HR (hazard ratio),

Cl (confidence interval), NIHSS (NIH Stroke Scale)

Univariable Multivariable
Measure HR (95%CI) P-value HR (95%CI) P-value
Age 1.019 (1.003-1.035) 0.0232 0.997 (0.980-1.014) 0.7115
Dysphagia 3.203 (1.797-5.708) <0.0001 1.647 (0.871-3.112) 0.1245
NIHSS 1.119 (1.085-1.153) <0.0001 1.097 (1.056-1.139) <0.0001
Unconsciousness 3.460 (2.023-5.915) <0.0001 1.479 (0.810-2.701) 0.2024
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within 28 days in a community-based sample. This increased to
60% at 3 years [36] and 82% at 7 years [37].

Limitations of this study include its single center recruitment,
referral bias, and short duration of recruitment and follow-up.
There was a lack of subject awareness of some stroke risk factors,
and we depended on the next of kin’s report for patients with severe
strokes. While some of the subjects lost to follow-up may have been
unable to access telephones, it is likely that most died, and our mor-
tality numbers are under-counted. We are uncertain of the degree to
which our act of recording improved the measurement, documenta-
tion and potentially the outcomes in this study. Finally, we were
unable to reliably categorize the cause of death in our subjects.

Our study joins a growing body of work in SSA that underscores
the urgency of addressing the stroke epidemic. We provide add-
itional insight into stroke subtypes and mortality and disability of
patients admitted to MNH, with stroke confirmation by head CT.
CT confirmation of stroke is lacking in many parts of SSA [38], and
its inclusion in this study allows a clearer depiction of the critical
nature of our stroke patients. Given the high proportion of hemor-
rhagic strokes and large-sized strokes, MNH provides a location to
study and improve the care of some of the most critically ill stroke
patients in SSA. Building upon other studies, we quantitatively show
that patients admitted to MNH would benefit the most from inter-
ventions that are established as the standard of care in other parts of
the world.
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