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Background and Purpose: Stroke outcome data in Uganda is lacking. The objective of
this study was to capture 30-day mortality outcomes in patients presenting with
acute and subacute stroke to Mbarara Regional Referral Hospital (MRRH) in
Uganda. Methods: A prospective study enrolling consecutive adults presenting to
MRRH with abrupt onset of focal neurologic deficits suspicious for stroke, from
August 2014 to March 2015. All patients had head computed tomography (CT) con-
firmation of ischemic or hemorrhagic stroke. Data was collected on mortality, mor-
bidity, risk factors, and imaging characteristics. Results: Investigators screened 134
potential subjects and enrolled 108 patients. Sixty-two percent had ischemic and
38% hemorrhagic stroke. The mean age of all patients was 62.5 (SD 17.4), and 52%
were female. More patients had hypertension in the hemorrhagic stroke group than
in the ischemic stroke group (53% vs. 32%, p = 0.0376). Thirty-day mortality was
38.1% (p = 0.0472), and significant risk factors were National Institutes of Health
Stroke Scale (NIHSS) score, female sex, anemia, and HIV infection. A one unit
increase of the NIHSS on admission increased the risk of death at 30 days by 6%.
Patients with hemorrhagic stroke had statistically higher NIHSS scores (p = 0.0408)
on admission compared to patients with ischemic stroke, and also had statistically
higher Modified Rankin Scale (mRS) scores at discharge (p = 0.0063), and mRS score
change from baseline (p = 0.04). Conclusions: Our study highlights an overall 30-day
stroke mortality of 38.1% in southwestern Uganda, and identifies NIHSS at admis-
sion, female sex, anemia, and HIV infection as predictors of mortality.
Key Words: Stroke—Cerebrovascular disorder—Cerebral infarction—
Intracerebral hemorrhage—Sub-Saharan Africa—Outcomes
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Introduction

Stroke is the second leading cause of death
worldwide.1�3 The largest stroke burden is carried by low
and middle income countries, accounting for more than
85% of stroke mortality worldwide.1�4 The average 30-
day case fatality following first ischemic stroke is approxi-
mately 22.9% globally5 and the 30-day case fatality rate of
intracerebral hemorrhage (ICH) ranges from 42.1% in the
United States6 to 52% in the United Kingdom.5,7 Cerebro-
vascular disease and ischemic heart disease also account
for a significant amount of long-term morbidity and are
the leading causes of overall disease burden worldwide
as measured by disability-adjusted life-years lost.8 In a
systematic review of worldwide stroke incidence by Feigin
et al. it was discovered that from 1970�1979 to 2000-2008,
stroke incidence declined by 42% in high-income coun-
tries, but rose by more than 100% in low-to middle-
income countries.9,10 Unfortunately, while low and mid-
dle income countries carry most of the burden of stroke,
there is very little data available to identify risk factors for
stroke in these regions.
In the systematic review by Feigin et al. only one of the

fifty-six population based studies was from sub-Saharan
Africa (Nigeria).9 There are a few published small African
hospital-based studies on early stroke mortality, with in-
hospital case fatality rates ranging from 15% to 44%.11

Walker et al. collected prospective data (1990 to 1991) on
mortality and recovery after stroke in Gambia and found
27% mortality at 1 month and 44% mortality at 6 months.
In this study, 57% of deaths occurred while in the hospi-
tal. They confirmed that incontinence in the first 24 hours,
sensory inattention, and impaired gag reflex on admission
were significant predictors of mortality.12 A second pro-
spective study in Gambia completed from 2000 to 2001
also looked at mortality and morbidity after stroke and
found that mortality was 41% during acute hospitaliza-
tion and 62% at one year. They found National Institutes
of Health Stroke Scale (NIHSS) scores to be significantly
higher in women than men, with a mean NIHSS of 14 in
men and 18 in women (p = 0.002). NIHSS severity on
admission as well as level of consciousness were strong
predictors of mortality, as were dysphagia, fever, pneu-
monia, and absence of aspirin.11 In this study, as in other
African studies, there was higher mortality in hemor-
rhagic stroke, but in much of sub-Saharan Africa without
routine computed tomography (CT) scans, stroke sub-
types (ischemic vs. hemorrhagic) are classified using clini-
cal indices such as level of consciousness, blood pressure
on admission, emesis, and severe headache at the time of
symptom onset.11 This may lead to over-estimation of the
mortality due to hemorrhagic stroke, especially in patients
dying prior to undergoing a head CT.13 The 30-day mor-
tality after stroke in Medunsa, South Africa was reported
to be 33%, but this study did not differentiate between
hemorrhagic and ischemic stroke, nor did it have
extended follow-up.14 Similarly the 30-day post-stroke
mortality was 28% in an observational study conducted
in a tertiary care hospital in Western Nigeria.15 Given the
paucity of stroke data in Uganda, it was our goal to collect
data on 30-day mortality post stroke in patients hospital-
ized at one of the largest referral hospitals in the country,
Mbarara Regional Referral Hospital (MRRH), as well as
document the morbidity associated with stroke.
Methods

Study design and participants

Study subjects were consecutively recruited amongst
patients presenting to MRRH in Mbarara, Uganda,
between August 2014 and March 2015. Inclusion criteria
included abrupt onset of focal neurologic deficits within
14 days of presentation and CT head confirmation of
ischemic or hemorrhagic stroke. Exclusion criteria were:
age < 18 years; lack of focal neurologic signs; symptom
onset of greater than 14 days duration; lack of CT head;
CT head with evidence of another underlying etiology as
a cause for the patient’s focal neurologic deficits; preg-
nancy; stroke evaluation occurring greater than 48 hours
post admission, and absence of informed consent. Preg-
nant women were excluded given their classification as a
vulnerable group and concern for fetal radiation expo-
sure. We collected clinical data and demographic informa-
tion from medical records and questionnaires, assessing
vascular risk factors, degree of disability and premorbid
functional status. All eligible patients underwent a stroke
evaluation including interview, physical examination,
and laboratory studies (complete blood count, lipid panel,
and serum blood glucose). The physical examination
included NIHSS at admission and discharge.16,17 All
patients were followed during their hospital stay, with
30-day post stroke phone interviews conducted to ascer-
tain mortality and level of disability. All CT heads were
interpreted by a neuro-radiologist (J.M.H).
The study was approved by the Institutional Review

Board (IRB) at Mbarara University of Science and Tech-
nology (ID: 03/05-14) and at Mayo Clinic College of Med-
icine (ID: 14-005802). All patients provided written
informed consent.
Outcomes

The primary endpoint was 30-day mortality in ischemic
and hemorrhagic stroke patients evaluated at MRRH. Sec-
ondary endpoints were 30-day morbidity outcomes in all
stroke patients with level of disability quantified by Bar-
thel Index (BI) and Modified Rankin Scale (mRS)
scores,18�20 difference in 30-day mortality and morbidity
between ischemic stroke and hemorrhagic stroke, dyspha-
gia, and incontinence. BI and mRS scores were captured at
admission, discharge, and 30 days post stroke with
NIHSS scores completed at admission and discharge.
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Statistical analysis

The primary outcome measure was 30-day mortality in
ischemic and hemorrhagic stroke patients, and exact bino-
mial method was used to estimate the confidence interval
of the 30-day mortality. Chi-square test was utilized to
compare the 30-day mortalities in the two stroke groups.
The comparisons of categorical variables across the two
groups were calculated using Chi-square or Fisher’s exact
test, and the comparisons of continuous variables across
the two groups were computed using equal variance two
sample t-test or unequal variance two sample t-test when
appropriate. Poisson regression with a robust error vari-
ance was used to investigate the risk factors for 30-day
mortality.

Results

Investigators screened 134 potentially eligible patients
between August 2014 and March 2015 and enrolled 108
subjects after assessment of eligibility criteria (Fig. 1).
Patients’ demographics and overall hospital measures are
summarized in Table 1. Sixty-three subjects had an ische-
mic stroke whereas 38 had a hemorrhagic stroke, with a
mean time from symptom onset to hospital presentation
of 3.1 days and no significant difference in time to presen-
tation between groups (Table 1). Fifty-two (51.5%) sub-
jects were female. The mean age of all patients was
62.5 years, however the average age of ischemic stroke
patients (mean = 65.4, SD = 17.3) was significantly higher
compared to hemorrhagic stroke patients (mean = 57.6,
SD = 16.8, p = 0.0293). The frequency of stroke type by age
group is shown in Fig. 2. There was no significant differ-
ence in length of hospital stay between patients with hem-
orrhagic versus ischemic stroke, (mean of 5.7 days), nor
was there a difference in gender, education level, or HIV
infection between the 2 groups. Women of reproductive
age (younger than 45 years) had 58.3% ischemic stroke
and 41.7% hemorrhagic stroke, but this difference was not
statistically significant (p = 0.5637). There were a total of
Fig. 1. Study F
38 young patients with stroke (55 years of age or younger)
and we found an equal distribution of ischemic versus
hemorrhagic stroke (19 ischemic, 19 hemorrhagic)
amongst them. We compared the side of the brain affected
by stroke, presence of herniation, and chronic stroke prev-
alence between the two groups and no significant differ-
ences were found (Table 2). Ninety-two percent of
patients had anterior circulation ischemic strokes and 5%
had multifocal infarcts. More patients had hypertension
in the hemorrhagic stroke group (52.6%) than that in the
ischemic stroke group (31.7%), with the difference being
statistically significant (p = 0.0376). Patients in the hemor-
rhagic stroke group had significantly higher measures of
both systolic (p = 0.0056) and diastolic blood pressure
(p = 0.0097) compared to patients in the ischemic stroke
group, as well as more left ventricular hypertrophy than
the ischemic stroke group (55.3% vs. 19.4%, p = 0.0002).
Notably 53% of hemorrhagic strokes were in non-lobar
locations (i.e., basal ganglia, thalamus), and 11% in the
cerebellum, all classic locations for hypertensive hem-
orrhages. The prevalence of urinary incontinence in
ischemic stroke patients was statistically higher than in
hemorrhagic stroke patients (47.6% vs. 26.3%,
p = 0.0339).
Table 3 displays the 30-day mortality in the overall

study group and by stroke type, with the exclusion of 4
ischemic stroke patients whose 30-day survival status is
missing. In the overall 104 patients (including 7 patients
whose stroke type cannot be determined), 39 (37.5%) peo-
ple died before or at 30 days, with a mean time to death of
9.5 days (SD 10.8) and median of 3 days (IQR 3,16).
Thirty-day mortality in the overall 97 patients (excluding
7 patients with unknown stroke type) was 38.1%, with a
mean time to death of 9.4 days (SD 10.8) and median of
3 days (IQR 3,13). In patients who had hemorrhagic stroke
47.4% died at 30 days, with a mean time to death of
8.6 days (SD 9.8) and median of 4 days (IQR 3,13). Lastly,
32.2% of patients with ischemic stroke died at 30 days,
with a mean time to death of 10.1 days (SD 11.9) and
lowchart.



Table 1. Demographics and Hospital Measures by Stroke Type

Hemorrhagic (N = 38) Ischemic (N = 63) Total (N = 101) p value

Age 0.0293

Mean (SD) 57.6 (16.8) 65.4 (17.3) 62.5 (17.4)

Median (Range) 55.0 (27.0�100.0) 70.0 (22.0�113.0) 64.0 (22.0�113.0)

Sex 0.2919

Female 17 (44.7%) 35 (55.6%) 52 (51.5%)

Male 21 (55.3%) 28 (44.4%) 49 (48.5%)

Length of hospital stay(days) 0.5590

Mean (SD) 6.2 (8.2) 5.3 (5.2) 5.7 (6.5)

Median (Range) 3.0 (0.0�44.0) 4.0 (0.0�26.0) 4.0 (0.0�44.0)

Time from symptom onset to presentation (days) 0.2867

Mean (SD) 2.7 (3.2) 3.4 (3.3) 3.1 (3.3)

Median (Range) 1.0 (0.0�12.0) 2.0 (0.0�13.0) 2.0 (0.0�13.0)

Tobacco 0.8451

Yes 14 (36.8%) 22 (34.9%) 36 (35.6%)

No 24 (63.2%) 41 (65.1%) 65 (64.4%)

HIV status 0.1043

Negative 30 (78.9%) 57 (90.5%) 87 (86.1%)

Positive 8 (21.1%) 6 (9.5%) 14 (13.9%)

Hypertension 0.0376

No 18 (47.4%) 43 (68.3%) 61 (60.4%)

Yes 20 (52.6%) 20 (31.7%) 40 (39.6%)

Anti-hypertensive medication 0.1147

Yes 7 (18.4%) 5 (7.9%) 12 (11.9%)

No 31 (81.6%) 58 (92.1%) 89 (88.1%)

Dysphagia 0.0607

No 23 (60.5%) 26 (41.3%) 49 (48.5%)

Yes 15 (39.5%) 37 (58.7%) 52 (51.5%)

Bladder incontinence 0.0339

No 28 (73.7%) 33 (52.4%) 61 (60.4%)

Yes 10 (26.3%) 30 (47.6%) 40 (39.6%)

Systolic Blood Pressure 0.0056

Mean (SD) 163.3 (39.2) 143.7 (29.7) 151.1 (34.8)

Median (Range) 159.5 (110.0�260.0) 140.0 142.0 (80.0�260.0)

Diastolic Blood Pressure 0.0097

Mean (SD) 98.3 (25.2) 86.5 (19.5) 90.9 (22.5)

Median (Range) 97.0 (70.0�180.0) 86.0 (50.0�150.0) 90.0 (50.0�180.0)

LDL 0.1107

Mean (SD) 95.6 (44.3) 113.6 (64.5) 106.8 (58.1)

Median (Range) 88.5 (5.0�187.0) 103.0 (39.0�446.0) 94.0 (5.0�446.0)

Triglycerides 0.6008

Mean (SD) 126.4 (59.2) 135.1 (101.6) 131.8 (87.7)

Median (Range) 123.5 (6.0�257.0) 112.0 (26.0�695.0) 116.0 (6.0�695.0)

Hemoglobin 0.6210

Mean (SD) 13.6 (2.9) 13.9 (1.9) 13.8 (2.3)

Median (Range) 13.7 (7.8�19.8) 14.1 (8.0�18.6) 13.9 (7.8�19.8)

Random blood sugar 0.8733

Mean (SD) 8.3 (2.6) 8.2 (3.0) 8.2 (2.9)

Median (Range) 7.9 (4.1�15.2) 7.0 (3.7�18.4) 7.4 (3.7�18.4)

Left ventricular hypertrophy 0.0002

Missing 0 1 1

No 17 (44.7%) 50 (80.6%) 67 (67.0%)

Yes 21 (55.3%) 12 (19.4%) 33 (33.0%)
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median of 3 days (IQR 2, 20). When analyzing the 30-day
mortalities in the two groups, we found they were not sta-
tistically different (p = 0.1334).
We compared results of mRS and BI scores (at admis-
sion, discharge and 30 days), and NIHSS score (at admis-
sion and discharge), as well as their change from
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discharge or 30 days to baseline across the two stroke
groups. For BI and NIHSS scores at discharge or 30 days,
the comparison was only made among people who were
alive at that time. Patients in the hemorrhagic stroke
group had a statistically higher mRS score (p = 0.0475)
and NIHSS score (p = 0.0408), and lower BI score
(p = 0.0027) at admission compared to patients in the
ischemic stroke group. Additionally, patients in the hem-
orrhagic stroke group also had a statistically higher mRS
Table 2. CT Scan C

Hemorrhagic (

Stroke side

Left 14 (36.8%

Right 18 (47.4%

Bilateral 6 (15.8%

Herniation

No 34 (89.5%

Yes 4 (10.5%

Chronic strokes

No 33 (86.8%

Yes 5 (13.2%

Ischemic stroke location

Anterior �
Posterior �
Multifocal �

Hemorrhagic stroke type

Subcortical 20 (52.6%

Lobar 11 (28.9%

Cerebellum 4 (10.5%

Other-Subarachnoid Hemorrhage 3 (7.9%

Intraventricular extension of hemorrhagic stroke

No 20 (52.6%

Yes 18 (47.4%
score at discharge (p = 0.0063) and mRS score change
from baseline (p = 0.04) compared to patients in the ische-
mic stroke group.
We investigated risk factors for 30-day mortality with

the primary predictors of interest being stroke type (hem-
orrhagic vs. ischemic), anemia (yes vs. no; defined as
hemoglobin < 12 g/dl) and HIV status (positive vs. nega-
tive). We ran the three primary predictors in three models
respectively and for every model, we adjusted for
haracteristics

N = 38) Ischemic (N = 63) Total (N = 101) p value

0.0714

) 31 (49.2%) 45 (44.6%)

) 30 (47.6%) 48 (47.5%)

) 2 (3.2%) 8 (7.9%)

0.4702

) 59 (93.7%) 93 (92.1%)

) 4 (6.3%) 8 (7.9%)

0.7101

) 53 (84.1%) 86 (85.1%)

) 10 (15.9%) 15 (14.9%)

58 (92.1%) �
2 (3.2%) �
3 (4.8%) �

) � �
) � �
) � �

) � �

) � �
) � �



Table 3. 30-day Mortality Estimates

Died at 30 days Estimate (95% CI) P value

Overall 30-day Mortality (n = 104)1 39 37.5% [28.2%, 47.5%]

Overall 30-day Mortality (n = 97)2 37 38.1% [28.5%, 47.8%]

Hemorrhagic stroke 30-day Mortality (n = 38) 18 47.4% [31.0%, 64.2%] 0.13343

Ischemic stroke 30-day Mortality (n = 59) 19 32.2% [20.6%, 45.6%]
1Including patients whose stroke type is unknown.
2Excluding patients whose stroke type is unknown.
3Hemorrhagic stroke group 30-day mortality compared to ischemic stroke group 30-day mortality.
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covariates of NIHSS score at admission, age, gender, dys-
phagia, and urinary incontinence. The model results are
shown in Table 4. Significant risk factors from this analy-
sis were NIHSS score, gender, anemia, and HIV infection.
For a given patient, a one unit increase of the NIHSS score
at admission increased their chance of death at 30 days by
6% (p < 0.0001). Females were 1.73 (95% CI: 1.17�2.57)
times more likely to die at 30 days compared to males,
and patients with anemia were 1.92 (95% CI: 1.27�2.89)
times more likely to die than patients without anemia.
Lastly, HIV infected patients were 1.47 (95% CI:
1.01�2.14) times more likely to die at 30 days compared
to patients without HIV.
Discussion

Stroke mortality is higher in sub-Saharan Africa than in
the developed world,21 an observation confirmed in our
prospective study. The 30-day mortality in all stroke
patients including the 7 patients with unknown stroke
type was 37.5%, and the overall 30 day mortality in our
population excluding the 7 patients with unknown stroke
type was 38.1%. Compared to patients with ischemic
stroke, patients with hemorrhagic stroke had higher
NIHSS scores, higher mRS, and lower BI scores. Thirty-
day mortality in the hemorrhagic stroke group was higher
than the ischemic stroke group (47.4% vs. 32.2% respec-
tively), but this was not statistically significant univari-
ately (p = 0.1334), nor after adjusting for NIHSS at
Table 4. Prediction of

Model Effect Level

Model 1 Stroke type Hemorrhagic

NIHSS at admission

Age

Sex Female vs. M

Dysphagia Yes vs. No

Urinary incontinence Yes vs. No

Model 2* Anemia Yes vs. No

Model 3* HIV status Positive vs. N

*Models are adjusted for age, gender, NIHSS at admission, dyspha
admission, age, gender, dysphagia, and bladder control
(p = 0.2389).
Risk factors for 30-day mortality post-stroke in this pop-

ulation were NIHSS at admission, female sex, anemia, and
HIV infection. NIHSS, Glasgow Coma Scale, Acute Physi-
ology and Chronic Health Evaluation II (APACHE II),
and Simplified Acute Physiology Score II (SAPS II) upon
admission to hospitals have all been studied as predictors
of mortality in both ischemic and hemorrhagic stroke.22

Our study showed that a one point increase in the NIHSS
score at admission increased 30-day mortality by 6%.
Additionally, female sex was determined to be one of the
factors associated with stroke mortality (RR 1.73,
p = 0.0059), and this is similar to that reported in stroke
studies of Nigeria and Malawi.23,24 When we compared
females to males, there was no significant difference in
their admission NIHSS scores. One theory for why Ugan-
dan women with stroke have worse outcomes compared
to men is that women have higher rates of baseline malnu-
trition, with worsening of their nutritional status during
hospitalization. While we did not specifically address
nutritional status in our study, it has previously been
reported that HIV-infected women in sub-Saharan Africa
are susceptible to malnutrition and this affects outcomes
in superimposed conditions including stroke.25 Addition-
ally, it is our impression that hospitalized women are less
likely to have a family member caring for them through-
out their hospitalization, thus receiving inferior care com-
pared to men. Due to significant nursing shortages,
30-day Mortality

RR (95% CI) P value

vs. Ischemic 1.28 (0.85,1.92) 0.2389

1.06 (1.03,1.09) <0.0001

1.01 (1.00,1.02) 0.223

ale 1.73 (1.17,2.57) 0.0059

0.50 (0.23,1.09) 0.0805

0.57 (0.18,1.84) 0.3487

1.92 (1.27,2.89) 0.0018

egative 1.47 (1.01,2.14) 0.0466

gia and urinary incontinence.
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hospitalized patients in Uganda are dependent on a fam-
ily member or an “attendant” to provide food, assist with
feeding/hydration, administer medications, and assist
with toileting, bathing, and mobilizing. We had hoped to
complete subgroup analysis of women of reproductive
age (younger than 45 years), but our sample size was too
small to draw any meaningful conclusions.
Anemia has been associated with poor outcomes in

ischemic stroke with increased risk of in-hospital mortal-
ity and death one year post stroke, as well as a strong pre-
dictor of in-hospital mortality among patients with other
vascular conditions such as myocardial infarction and
congestive heart failure.26�28 Anemia may result in cere-
bral dysautoregulation, increased blood viscosity, and
decreased oxygen-carrying capacity in areas of the brain
already compromised by ischemic injury. Less is known
about anemia and hemorrhagic stroke. However, a meta-
analysis of 13 cohort studies concluded that anemia
increases the risk of mortality in patients with stroke and
included patients with hemorrhagic stroke (3 studies).29

Additionally, there is suggestion that anemia on
admission might be associated with greater ICH sever-
ity, worse functional outcome at discharge, and higher
one-year mortality in hemorrhagic stroke patients.30 In
our study not only was anemia a predictor of 30-day
mortality in all strokes (RR 1.92, p = 0.0018), it was
also a predictor of mortality in hemorrhagic (RR 1.84,
p = 0.0019) and ischemic strokes (RR 2.14, p = 0.0332)
independently.
Stroke represents a relatively common complication in

young, HAART-treated and untreated HIV positive
patients. RNA viral load and CD4+ cell count < 200/uL
are clinically related to stroke and its prognosis, whereas
HAART therapy has shown a neutral effect.31 In our
study, HIV positive status was associated with a higher
risk of 30-day mortality in patients with stroke (RR 1.47,
p = 0.0466). However, we did not collect data on RNA
viral load or treatment with HAART, and were able to
collect CD4+ cell counts on only 33% of our study partici-
pants. Our results are consistent with those of a systematic
review of stroke in HIV-infected individuals in sub-
Saharan Africa.32 Abdallah et al. found that HIV-infected
patients with stroke had worse outcomes compared to
HIV-negative stroke patients, with greater stroke severity
(NIHSS > 13), longer hospital stays, more associated coa-
gulopathy, and higher 30-day mortality. Additionally, a
study out of Cameroon found that post-stroke infections
were more frequent in HIV-infected patients than HIV-
uninfected patients.33 It is possible that HIV-infected indi-
viduals in our study had a greater risk of 30-day mortality
due to higher rates of malnutrition, higher rates of oppor-
tunistic infections, higher likelihood of hospital-acquired
infections, and more associated coagulopathy, but we did
not specifically evaluate these factors. We must also con-
sider that stroke is more common in untreated HIV infec-
tion and in those with low CD4+ cell counts,34 suggesting
these individuals are sicker to begin with and thus more
susceptible to poor outcomes.
Ischemic strokes account for 80�85% of strokes in

Western populations, with cerebral hemorrhages account-
ing for the remaining 15�20% of strokes,5,35 but in our
Ugandan population 38% of stroke patients had a hemor-
rhagic stroke. Selection bias is possible given this study
was completed at a large referral hospital which might
have resulted in preferential selection of hemorrhagic
strokes, as these patients tend to have more severe defi-
cits, and are thus more likely to travel longer distances in
order to seek higher levels of care. The average admission
NIHSS score of hemorrhagic and ischemic stroke patients
was 22 and 18, respectively (p = 0.0408). Similarly, it is
also possible that our study selected for more severe
strokes in general, given an average admission NIHSS
score of 20, and may not be representative of all strokes
occurring in the community. The average time from
symptom onset to presentation to MRRH was 3 days for
all stroke patients, with 53% first seeking care at a local
health clinic. There was no significant difference between
females and males in time from symptom onset to presen-
tation to MRRH. Patients with acute ischemic stroke were
not treated with recombinant tissue plasminogen activa-
tor as this is not readily available at MRRH.
Further limitations of our study include that CT was not

available at all hours of the day, in addition to the inabil-
ity to perform CT during power outages, which occurred
routinely. Five potential study subjects died before they
could have a CT head and thus they were not enrolled in
our study. We can hypothesize that these patients had
hemorrhagic strokes or severe ischemic strokes with
malignant edema, and if this is the case it is possible that
our 30-day mortality is underestimated. Due to technical
difficulties incurred with the diagnostic imaging process-
ing system, we were unable to retrieve the stored CT data
on 7 patients, and thus they were labeled as having an
“unknown stroke type”. There were 4 patients who had
clinical presentations consistent with stroke, but had no
evidence of stroke on CT head. It is likely that these
patients presented with small cortical or subcortical (lacu-
nar) ischemic strokes that could have potentially been
detected on MRI. However, because MRI was not avail-
able these patients were excluded from the study. While
we found HIV infection to be a risk factor for 30-day
mortality, we did not screen for superimposed infection,
malnutrition, or associated coagulopathy possibly con-
tributing to the higher mortality. We also did not control
for HAART therapy and did not capture data on viral
load, or complete data on CD4+ cell count. Importantly,
HIV status is not a surrogate for immune status and hav-
ing incomplete CD4+ cell counts is a limitation since we
cannot reach conclusions regarding HIV control without
CD4+ cell counts. Additionally, we found anemia to be a
predictor of 30-day mortality, but did not screen for
congestive heart failure or myocardial infarction as
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potential confounders. We did not collect information on
sickle cell disease, as this is more commonly seen in cen-
tral and eastern Uganda. We were not able to complete
vessel imaging in our stroke patients since CT angiogra-
phy and carotid ultrasound were not available at MRRH,
nor were we able to pursue transthoracic echocardiogra-
phy, transesophageal echocardiography, or continuous
hospital telemetry. Lastly, we were unable to examine
patients in person at 30 days and interviews were con-
ducted over the telephone instead. Only four patients (all
ischemic) were lost to follow up at 30 days.
Our study highlights the poor outcome of stroke patients

in southwestern Uganda with an overall 30-day mortality of
38.1%, and identifies NIHSS at admission, female sex, ane-
mia, and HIV infection as predictors of mortality. Our find-
ings confirm those of colleagues in Kampala, Uganda who
reported a 30-day case fatality of 43.8% in stroke patients
presenting to Mulago National Referral Hospital.36 While
there was no statistically significant difference in mortality
between hemorrhagic and ischemic strokes in our study,
patients with hemorrhagic stroke did have statistically
higher levels of impairment on both admission and dis-
charge from the hospital. Notably, patients in the hemor-
rhagic stroke group had a statistically higher mRS score at
discharge, and mRS score change from baseline compared
to patients in the ischemic stroke group. This is especially
important given the disproportionate number of hemor-
rhagic strokes in our study population. This study serves as
a catalyst for promoting further collection of stroke data in
Uganda and sub-Saharan Africa, especially given the
increasing burden of stroke in this region.
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