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Background: Neuroimaging is often unavailable in low-income countries, creating challenges for precise diagno-
sis of neurologic disease in individual patients, and impeding acquisition of precise neuroepidemiologic data for
program and policy development.
Methods: We analyzed reports from 3614 head CTs performed between July 2013 and January 2016 at Hôpital
Universitaire de Mirebalais, a public academic hospital in rural Haiti, extracting patients' age, study indication,
and radiologic findings.
Results: Themost common indications for head CTwere headache (27%), trauma (19.9%), abnormal neurological
exam (12.2%), and stroke (11.3%). The most common categories of neurologic abnormalities were traumatic
(31%), vascular (25.8%), and infectious (12%). Of 291 strokes, 64% were ischemic (median age at diagnosis
60.8 years, SD 17.4) and 36% were hemorrhagic (median age 52.0, SD 15.5). In patients undergoing head CT
for seizures or epilepsy, 17.5% had evidence of neurocysticercosis. In patients with head trauma, 42.6% had intra-
cranial hemorrhage or fracture. Atrophywas noted on 10% of CTs (median age 57.1; SD 23.8), andwas character-
ized as out of proportion to age in 2% (median age 34.1, SD 15.3).
Conclusions: Median age of stroke patients in this rural low-income population is lower than in high-income
countries and proportion of stroke due to intracerebral hemorrhage is higher. Neurocysticercosis is present in
nearly one fifth of patients with seizures/epilepsy. These findings can inform policies and programs for preven-
tion and treatment of neurologic disease in low-income settings.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

There are approximately 42 CT scanners per 1 million population in
high-income countries, but only 0.32 per 1million in low-income coun-
tries [1]. When CT is available in low-income countries, it is often inac-
cessible or unaffordable for most patients, creating challenges for
precise diagnosis of neurologic disease in individual patients, and im-
peding acquisition of precise neuroepidemiologic data for program
and policy development [2].

Hôpital Universitaire de Mirebalais (HUM), a public hospital in rural
Haiti (a low-income Caribbean country), recently began providing CT
scans at no cost to patients. Since 2013, over 3000 head CTs have been
righam andWomen's Hospital,

. Valtis),
nemartineau@yahoo.fr
endel@pih.org (J.B. Mendel),
performed, providing a rare opportunity to study neurologic disease in
a rural low-income setting.

2. Methods

2.1. Standard protocol approvals

The study was approved by the institutional review boards of Zamni
Lasante/Partners In Health and Partners Healthcare.

2.2. Context

Haiti ranks 163 (out of 188) on the human development index, the
lowest-ranking country in the Western Hemisphere [3]. Nearly 60% of
Haiti's 10 million citizens live below the poverty line (b$2.42/day) [4].
HUM is a 300-bed public hospital in Haiti's Central Plateauwith a catch-
ment area of approximately 3 million that serves approximately 700
outpatients per day, with residency programs in internal medicine, pe-
diatrics, surgery, obstetrics/gynecology, and emergency medicine [5].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jns.2017.06.029&domain=pdf
http://dx.doi.org/10.1016/j.jns.2017.06.029
mailto:aberkowitz3@partners.org
Journal logo
http://dx.doi.org/10.1016/j.jns.2017.06.029
http://www.sciencedirect.com/science/journal/0022510X
www.elsevier.com/locate/jns


Table 1
Diagnoses and median age at diagnosis.

Diagnosis Number of CTs with
finding (%)

Median age (standard
deviation)

Normal braina 1518 (44.4%) 30.7 (16.4)
Trauma 1060 (31%) 30.4 (19.5)

Soft tissue injury 291 (8.5%) 29.2 (19.4)
Skull fracture 153 (4.5%) 24.5 (18.3)
Facial fracture 113 (3.3%) 34.3 (16.5)
Subdural hemorrhage 109 (3.2%) 31.6 (22)
Orbital fracture 88 (2.6%) 29.75 (18)
Sinus fracture 82 (2.4%) 32.65 (16.3)
Traumatic IPH 62 (1.8%) 38.65 (21.4)
Traumatic SAH 47 (1.4%) 33.1 (23.2)
Brain contusion 46 (1.3%) 30.75 (18.1)
Jaw fracture 25 (0.7%) 29.1 (14.6)
Post-traumatic
encephalomalacia

24 (0.7%) 46.25 (19.8)

Epidural hemorrhage 19 (0.6%) 26.5 (15.1)
Vascular finding 880 (25.8%) 63.3 (17.5)

Remote infarct 276 (8.1%) 64.2 (18.4)
Chronic PVWMD 204 (6%) 69.6 (12.7)
Ischemic stroke 187 (5.5%) 60.8 (17.4)
Hemorrhagic stroke 104 (3%) 52 (15.5)
Vascular calcifications 71 (2.1%) 64.2 (13)
Other vascular finding 12 (0.4%) 53.8 (25)
Aneurysmal SAH 10 (0.3%) 57.65 (15.7)
ICH NOS 9 (0.3%) 32.7 (25.1)
Venous thrombosis 4 (0.1%) 59.05 (13.4)
SAH NOS 3 (0.1%) 70.6 (26.9)

Infection 411 (12%) 42.2 (19.2)
Neurocysticercosis 403 (11.8%) 42.6 (19)
Other infectionb 8 (0.2%) 22.35 (23.8)

Atrophy 340 (10.0%) 57.1 (23.8)
Atrophy out of
proportion to age

69 (2%) 34.1 (15.3)

Tumor 208 (6.1%) 43.2 (19.4)
Soft tissue tumor 93 (2.7%) 43.2 (20.8)
Brain tumor 35 (1%) 32.7 (20.6)
Other tumorc 25 (0.7%) 42.8 (17.8)
Meningioma 23 (0.7%) 47 (15.1)
Brain metastasis 16 (0.5%) 43.8 (10.1)
Bone metastasis 16 (0.5%) 46.25 (13.6)

Inconclusive studyd 144 (4.2%) 37.4 (18.7)
Hydrocephalus 77 (2.3%) 25.4 (27)
Dental Finding 75 (2.2%) 44.1 (17.7)
Diffuse cerebral edema 37 (1.1%) 25.1 (19.7)
Other diagnosise 26 (0.8%) 34.45 (21.4)
Structural malformation 26 (0.8%) 4 (18.3)
ENT findingf 1135 (33.2%) 35.8 (19.8)

Note that given that CTs may have multiple findings, percentages add up to greater than
100%.
ICH: intracranial hemorrhage; IPH: intraparenchymal hemorrhage; PVWMD:
periventricular white matter disease; SAH: subarachnoid hemorrhage; NOS: not other-
wise specified.

a CTs with no abnormalities beyond one or more of the following findings were classi-
fied as normalwith respect to the brain: arachnoid cyst, basal ganglia calcification, soft tis-
sue injury, lipoma, dental finding not otherwise specified (NOS), sinus disease NOS,
sinusitis, sinus membrane thickening, sinus retention cyst, otitis media.

b Includes toxoplasmosis and progressive multifocal leukoencehalopathy.
c Includes lacrimal gland tumor, pituitary tumor, retinoblastoma, pineal gland tumor,

and tumor NOS.
d Includes mass NOS, hyperdensity NOS, hypodensity NOS, unreadable CT.
e Includes inflammation NOS, multiple sclerosis, other disorder NOS, PRES,

encephalomalacia NOS, post-op encephalomalacia.
f Includes sinus disease NOS, sinusmembrane thickening, sinus retention cyst, bleeding

into sinuses, ear canal trauma and/or bleeding, otitis media, mastoiditis, sinusitis.
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2.3. CT and teleradiology program

CTs were ordered by local clinicians and acquired on a 32-slice heli-
cal CT scanner (BodyTom, Neurologica/Samsung, Danvers, MA, USA),
stored locally on a PACS (Change Healthcare, Richmond, BC, Canada)
mirrored in Boston, MA, and interpreted by 40 volunteer US- and Cana-
da-based radiologists who accessed studies and entered reports for re-
view in Haiti.

2.4. Time period

Weanalyzed headCTs performed between July 11, 2013 and January
12, 2016.

2.5. Data analysis

Patients' age, study indication, and radiologic findings were extract-
ed from de-identified reports for each study. CTs with no abnormalities
beyond one or more of the following findings were classified as normal
with respect to the brain: arachnoid cyst, basal ganglia calcifications,
dental findings, lipoma, mastoiditis, otitis, sinus retention cyst, sinus
membrane thickening, sinusitis, soft tissue injury. Studies were classi-
fied as inconclusive if the report indicated that the radiologist was un-
able to make a definitive diagnosis. Punctate brain calcifications were
presumed to be neurocysticercosis unless calcifications were limited
to the pineal gland, basal ganglia, vasculature, and/or meninges. Data
were analyzed in Microsoft Excel.

3. Results

3614 head CTs were performed on 3416 patients. Of 198 CTs per-
formed in patients with a prior head CT, 51% had no significant change.
Repeat CTs were excluded from subsequent analysis.

Table 1 displays the frequency of diagnoses and median age at diag-
nosis. 44.4% of CTswere normal, 4.2%were inconclusive. Themost com-
mon categories of neurologic abnormalities were trauma (31%; median
age 30.4, SD 19.5), vascular (25.8%;median age 63.3, SD 17.5), and infec-
tion (12%;median age 42.2, SD 19.2). Of 291 strokes, 64%were ischemic
(median age 60.8 years, SD 17.4) and 36% were hemorrhagic (median
age 52.0, SD 15.5). Evidence of neurocysticercosis was seen on 11.8%
of CTs (median age 42.6, SD 19.0). Atrophywas noted in 10% of CTs (me-
dian age 57.1, SD 23.8), characterized as out of proportion to age in 2%
(median age 34.1, SD 15.3). Median age at diagnosis of brain or head
and neck tumor was 43.2 (SD 19.4).

Table 2 displays head CT results categorized by indication. 11.5% of
CTs had no indication listed and are not included. Themost common in-
dications for CTwere headache (27%), trauma (19.9%), abnormal neuro-
logic exam (12.2%), and stroke (11.3%). Neurocysticercosis was
diagnosed in 17.5% of patients with seizures/epilepsy. In patients with
head trauma, 42.6% had intracranial hemorrhage or fracture. In patients
with known or suspected cancer, 42.7% had non-CNS head and neck tu-
mors and 8.4% had CNS tumors.

Indicationswith the highest proportion of normal head CTswere en-
docrine complaint (73.9%), neuropathy (71.4%), headache (69%),
cramps (66.7%), behavioral/psychiatric issue (60.5%), and vertigo
(60%). The most common indication leading to a normal CT was head-
ache. 53.8% of head CTs for headache were performed in patients
under 30 years old, 81% of which were normal (data not shown).

4. Discussion

Precise epidemiologic data about neurologic disease in rural low-in-
come settings are often lacking in large epidemiologic studies [6]. Head
CT reports provide a source of data on neurologic diagnoses that can in-
form protocol and policy development in such settings. Our analysis of
over 3000 head CTs from a public hospital in rural Haiti demonstrated
several notable findings.

36% of strokes in our population were hemorrhagic, comparable to
34% in sub-Saharan Africa (as compared to 9% in high-income coun-
tries) [7]. Median age at diagnosis of ischemic stroke (60.8) and hemor-
rhagic stroke (52) were markedly lower than the 2010 mean ages in
low- and middle income countries (LMIC), 70.8 years and 63.8 years,



Table 2
Radiologic diagnoses categorized by head CT indication.

Indication Number (%)
of CTs with
indication

Normal
braina

Inconclusiveb Vascular Trauma Infection Neoplasm

Ischemic
stroke

Hemorrhagic
stroke

SAH Chronic
vascular
findingsc

Fracture or
traumatic
ICHd

Neuro-
cysticercosis

Brain
tumore

Non-CNS
tumorf

Headache 924 (27%) 639 (69.2%) 24 (2.6%) 5 (0.5%) 5 (0.5%) 1 (0.1%) 30 (3.2%) 19 (2.1%) 119 (12.9%) 14 (1.5%) 12 (1.3%)
Trauma 681 (19.9%) 291 (42.7%) 10 (1.5%) 4 (0.6%) 2 (0.3%) 0 (0%) 19 (2.8%) 290 (42.6%) 57 (8.4%) 6 (0.9%) 3 (0.4%)
Abnormal neurological
exam

416 (12.2%) 105 (25.2%) 40 (9.6%) 57 (13.7%) 26 (6.3%) 3 (0.7%) 105 (25.2%) 17 (4.1%) 53 (12.7%) 9 (2.2%) 4 (1%)

Hemiplegia 182 (5.3%) 26 (14.3%) 21 (11.5%) 40 (22%) 20 (11%) 1 (0.5%) 64 (35.2%) 1 (0.5%) 25 (13.7%) 5 (2.7%) 1 (0.5%)
Focal deficit NOS 92 (2.7%) 37 (40.2%) 2 (2.2%) 3 (3.3%) 1 (1.1%) 1 (1.1%) 10 (10.9%) 8 (8.7%) 14 (15.2%) 2 (2.2%) 1 (1.1%)
Language deficit 92 (2.7%) 13 (14.1%) 6 (6.5%) 20 (21.7%) 3 (3.3%) 2 (2.2%) 41 (44.6%) 4 (4.3%) 11 (12%) 1 (1.1%) 2 (2.2%)
Paraplegia 29 (0.8%) 14 (48.3%) 5 (17.2%) 0 (0%) 0 (0%) 0 (0%) 3 (10.3%) 1 (3.4%) 3 (10.3%) 0 (0%) 1 (3.4%)
Facial weakness 26 (0.8%) 11 (42.3%) 4 (15.4%) 2 (7.7%) 3 (11.5%) 0 (0%) 5 (19.2%) 0 (0%) 1 (3.8%) 0 (0%) 0 (0%)
Coma 20 (0.6%) 3 (15%) 1 (5%) 2 (10%) 1 (5%) 0 (0%) 1 (5%) 3 (15%) 1 (5%) 1 (5%) 0 (0%)
Weakness 18 (0.5%) 7 (38.9%) 3 (16.7%) 0 (0%) 0 (0%) 0 (0%) 1 (5.6%) 1 (5.6%) 4 (22.2%) 0 (0%) 0 (0%)

Stroke 387 (11.3%) 45 (11.6%) 21 (5.4%) 97 (25.1%) 54 (14%) 5 (1.3%) 171 (44.2%) 18 (4.7%) 49 (12.7%) 2 (0.5%) 3 (0.8%)
Seizure or epilepsy 252 (7.4%) 112 (44.4%) 18 (7.1%) 2 (0.8%) 2 (0.8%) 0 (0%) 9 (3.6%) 7 (2.8%) 44 (17.5%) 6 (2.4%) 1 (0.4%)
Cognitive 201 (5.9%) 84 (41.8%) 14 (7%) 6 (3%) 8 (4%) 1 (0.5%) 27 (13.4%) 15 (7.5%) 20 (10%) 4 (2%) 1 (0.5%)

Altered mental status 154 (4.5%) 58 (37.7%) 10 (6.5%) 6 (3.9%) 8 (5.2%) 1 (0.6%) 22 (14.3%) 12 (7.8%) 15 (9.7%) 2 (1.3%) 1 (0.6%)
Behavioral/psychiatric 38 (1.1%) 23 (60.5%) 4 (10.5%) 0 (0%) 0 (0%) 0 (0%) 2 (5.3%) 3 (7.9%) 4 (10.5%) 1 (2.6%) 0 (0%)
Memory complaints 14 (0.4%) 7 (50%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 4 (28.6%) 0 (0%) 1 (7.1%) 1 (7.1%) 0 (0%)

Loss of consciousness 132 (3.9%) 68 (51.5%) 6 (4.5%) 1 (0.8%) 1 (0.8%) 0 (0%) 7 (5.3%) 21 (15.9%) 16 (12.1%) 6 (4.5%) 1 (0.8%)
Oncologic indicationg 178 (5.2%) 52 (29.2%) 2 (1.1%) 1 (0.6%) 1 (0.6%) 0 (0%) 12 (6.7%) 1 (0.6%) 11 (6.2%) 15 (8.4%) 76 (42.7%)

Visualized mass 97 (2.8%) 20 (20.6%) 0 (0%) 1 (1%) 0 (0%) 0 (0%) 4 (4.1%) 1 (1%) 5 (5.2%) 1 (1%) 59 (60.8%)
Suspicion for infection 59 (1.7%) 18 (30.5%) 11 (18.6%) 0 (0%) 1 (1.7%) 0 (0%) 3 (5.1%) 1 (1.7%) 9 (15.3%) 1 (1.7%) 1 (1.7%)
Other indications

Hypertension 57 (1.7%) 19 (33.3%) 2 (3.5%) 7 (12.3%) 4 (7%) 1 (1.8%) 21 (36.8%) 0 (0%) 2 (3.5%) 0 (0%) 1 (1.8%)
Vertigo 30 (0.9%) 18 (60%) 2 (6.7%) 0 (0%) 0 (0%) 0 (0%) 3 (10%) 0 (0%) 3 (10%) 1 (3.3%) 1 (3.3%)
Endocrine complaint 23 (0.7%) 17 (73.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (8.7%) 0 (0%) 3 (13%)
Developmental delay 19 (0.6%) 11 (57.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5.3%) 0 (0%) 1 (5.3%) 0 (0%) 0 (0%)
Tremor 13 (0.4%) 7 (53.8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (23.1%) 0 (0%) 2 (15.4%) 0 (0%) 0 (0%)
Cramps 12 (0.4%) 8 (66.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (16.7%) 1 (8.3%) 0 (0%)
Neuropathy 7 (0.2%) 5 (71.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (14.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Note that since CTs may have multiple findings or findings not included in this table, percentages may add up to greater or less than 100%.
a CTswith no abnormalities beyond oneormore of the following findingswere classified as normalwith respect to the brain: arachnoid cyst, basal ganglia calcification, soft tissue injury,

lipoma, dental finding NOS, sinus disease NOS, sinusitis, sinus membrane thickening, sinus retention cyst, otitis media.
b Includes mass NOS, hypodensity NOS, hyperdensity NOS.
c Includes chronic microvascular disease and remote infarct.
d Includes any bone fracture seen on head CT (sinus, facial, skull, jaw orbital) or traumatic intracranial hemorrhage (epidural, subdural, traumatic subarachnoid, traumatic

intraparenchyal, and brain contusion).
e Includes primary brain tumor, metastasis to the brain, meningioma.
f Includes pineal gland tumor, pituitary tumor, retinoblastoma, lacrimal gland tumor, soft tissue tumor NOS and bony metastases.
g Includes history of cancer, suspected cancer, staging work-up, and visualized mass.
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respectively [8]. Younger age at onset of stroke and higher proportion of
hemorrhagic stroke in LMIC require further study and increased re-
sources for stroke prevention and treatment in LMIC [9].

17.5% of patients with seizures or epilepsy in our population had ra-
diologic evidence of neurocysticercosis, consistent with a recent review
estimating that up to 30% of epilepsy in endemic regions results from
neurocystircercosis [10]. Neurocysticercosis is preventable through im-
proving animal husbandry and sanitation practices, an important area
for policy and intervention to reduce the global burden of epilepsy [11].

Head trauma was a common finding in our study, and 42% of pa-
tients with head trauma had intracranial hemorrhage or fracture. The
combination of poor road conditions and limited use of motorcycle hel-
mets results in an increased burden of traumatic brain injury in LMIC,
and limited access to neurosurgeons and intensive care likely increase
trauma-related morbidity and mortality, another important locus for
development of policies and protocols for prevention and treatment
[12].

Atrophy was noted in 10% of CTs in our population (median age
57.1), similar to 12–15% of patients in a multi-center study in Nigeria
(mean age 60) [13]. Premature atrophy may be due to nutritional defi-
ciencies and/or sequelae of prior cerebrovascular events, trauma, or in-
fection. Whether atrophy correlates with impaired cognition in this
context requires further study.

A large percentage of CTs obtained for headache were normal, par-
ticularly in younger patients. Additionally, several indications with a
high percentage of normal studies were likely not appropriate indica-
tions for head CT (e.g., cramps, neuropathy, psychiatric disturbance).
Given costs of CT operation and maintenance and risks of unnecessary
radiation exposure, our data suggest that clinical decision rules and pro-
vider training tailored to low-income settings are important consider-
ations when introducing new diagnostic technology in resource-
limited settings.

Our study has several limitations. HUM is a regional inpatient re-
ferral center and therefore our data may overestimate the severity of
disease in this population. However, HUM also serves as an outpa-
tient center for the local community, so inclusion of both inpatient
and outpatient studies may balance potential referral bias. Second,
multiple radiologists interpreting CTs might lead to variability in
how (and whether) findings were reported (e.g., atrophy), but our
large sample size should mitigate the possible effect of this potential
variability.

Our analysis of head CT reports from the first publically accessible CT
scanner in rural Haiti provides insights into neurologic disease in a rural
low-income setting.We found a high burden of trauma, cerebrovascular
disease, and neurocysticercosis, highlighting the need for policies and
programs addressing road safety and motorcycle helmet use, stroke
prevention and treatment, and control of neurocysticercosis in LMIC.
The high proportion of normal CTs for several indications (including in-
dications that do not typicallywarrant head CT) underscores the impor-
tance of initial and ongoing education and clinical support for efficient
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and effective use of newly introduced diagnostic technology in re-
source-limited settings.
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