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Methods: We conducted a prospective cohort study of all head injured patients presenting to the
Emergency Centre of Tikur Anbessa Specialised Hospital, Addis Ababa. Data was collected via a standard-
ised form from the patient’s chart, radiology reports and operative reports. Patients were followed until
discharge, facility transfer, death, or 7 days in hospital. Consent was obtained from the patient or substi-

ﬁ?; ‘gol:ﬁiry tute decision maker.

Emergency medicine Results: Among 204 head injured patients enrolled, the majority were <30 years old (51.0%) and male
Low resource setting (86.8%). Forty-one percent of injuries occurred from road traffic accidents (RTAs). A significant number
Epidemiology of patients had at least one indicator of severe injury on presentation: 51 (25.0%) had a GCS<9, 53
Outcomes (26.0%) had multi-system trauma, 95 (46.6%) had >1 abnormal vital sign and of the 133 patients with

data available, 37 (27.8%) had a Revised Trauma Score (RTS) < 6. Patients injured by RTA were more likely
to have indicators of severe injury than other mechanisms, including multi-system trauma (OR 3.2, 95%
CI1.7-6.2, p=0.00), GCS <9 (OR 3.7,95% CI 1.8-7.4, p = 0.00), >1 abnormal vital sign (OR 2.5, 95% CI 1.4-
4.6, p=0.00) or an RTS score < 6 (OR 3.6, 95% CI 1.6-8.1, p = 0.00). Overall, 149 (73.0%) patients were dis-
charged from hospital, 34 (16.7%) were transferred to another hospital, and 21 patients died (10.3%). In
multivariable analysis, death was significantly associated with age over 60 years (aOR 68.8, 95% CI 2.0-
2329.0, p = 0.02), GCS <9 (aOR 14.8, 95% CI 2.2-99.5, p = 0.01), fixed bilateral pupils (aOR 39.1, 95% CI
4.2-362.8, p < 0.01) and hypoxia (oxygen saturation <90%; aOR 14.2%, 95% CI 2.6-123.9, p=0.01).
Conclusion: Head injury represents a significant risk for morbidity and mortality in Ethiopia, of which
RTA’s increase injury severity. Targeted approaches to improving care of the injured may improve
outcomes.
© 2017 Publishing services provided by Elsevier B.V. on behalf of African Federation for Emergency
Medicine. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction

Globally, injuries kill more people each year than HIV, TB, and
malaria combined. The World Health Organization (WHO) esti-
mates 5.8 million annual injury-related deaths and that 90% of
them occur in low- and middle-income countries (LMICs) [1].

Head injury specifically is a leading cause of death and disability
among the injured in LMICs [2,3]. In Africa, one-third of all head
injured patients suffer poor outcomes, and those patients with sev-
ere head injury have almost twice the risk of dying compared to
those in high-income countries [4,5]. Strained health systems in
the region contribute to these outcomes and improving access to
pre-hospital, emergency and specialist surgical interventions may
improve these outcomes [5-9].

In Ethiopia, Addis Ababa University’s Tikur Anbessa Specialized
Hospital (TASH) is the country’s largest public hospital and only
neurosurgical and trauma referral centre. At TASH, head injury is
a leading cause of mortality. A retrospective review found head
injury accounted for almost 60% of deaths among trauma patients
admitted to the surgical service from 2002 to 2006 [10]. Addition-
ally, a more recent review of mortality in the emergency centre
showed that 21.5% of all deaths occurring less than 72 h after pre-
sentation were as a result of head injury [11].

Since 2010, Ethiopia has been committed to improving trauma
care systems via increasing pre-hospital care systems and training
the first cadres of emergency medicine physicians and nurses at
Addis Ababa University (AAU). Given the intention of Ethiopia to
improve the care of the injured, we conducted a prospective cohort
study of all head injured patients in the emergency centre at TASH
to provide an accurate understanding of the epidemiology, charac-
teristics and outcomes of head injury and provide evidence for
practitioners and policy makers to improve outcomes.

Methods

We conducted a prospective cohort study of all head injured
patients presenting to the Tikur Anbessa Specialized Hospital
Emergency Centre (TASH-EC) in Addis Ababa, Ethiopia from May
to October 2012. The TASH-EC is an adult emergency centre, with
over 180,000 patient visits a year (over the age of 13 years). TASH
is the county’s main trauma referral centre in the public system
and daily estimates of trauma patients are over 15 per day. TASH
has Computed Tomography (CT) capability along with a limited
number of intensive care unit beds, and general, orthopaedic and
neurosurgical services. If a service is not available to a patient
due to resource constraints, efforts are made in the emergency cen-
tre to transfer a patient to another facility in Addis Ababa which
could provide those services.

All patients triaged as “isolated head injury” or “multi-system
trauma with head injury” were included in the study. Patients were
identified via the triage registry by trained study personnel who
were in the emergency centre for approximately 18 h a day.
Attempts were made on a daily basis to communicate with clinical
staff to identify patients whose triage diagnosis did not initially
identify their head injury for inclusion in the study. Written
informed consent was obtained from capable patients or via a sub-
stitute decision maker by a study team member. Written informed
consent was obtained from next of kin for all minors. Ethics
approval was granted by the Institutional Review Board of Addis
Ababa University and the Research Ethics Board of the University
Health Network, Toronto, Canada. Consent was documented on a
consent form as per the approved procedures of both institutional
ethics committees.

Trained study personnel prospectively and retrospectively col-
lected data using a standardised data collection form. Data was

extracted from the hospital chart including socio-demographics
information, mechanism of injury, clinical characteristics on pre-
sentation and clinical management in the emergency centre. Clin-
ical data, along with the Glasgow Coma Score (GCS) and vital signs
were either extracted from the charts (if recently completed) or
assessed by trained research personnel at the following time points
from admission: 0, 6, 12, 24, 72 h and 7 days. Patients were fol-
lowed until the end point of death, discharge from hospital, or
transfer to another facility.

All data was entered into an Excel spreadsheet and analysed
using STATA 11.0 (StataCorp, Texas, USA). Baseline characteristics
were summarised using means and standard deviations for contin-
uous variables, and counts and percentages for categorical vari-
ables. The Revised Trauma Score (RTS) was calculated using the
standard definition [12]. Severity of head injury was defined as
mild (GCS 13-15), moderate (GCS 9-12) or severe (GCS <9). Tests
for association were conducted using Pearson’s chi-squared test.
Multivariable logistic regression analysis was used to produce esti-
mates of the adjusted impact of each variable on mortality.

Results

Overall, 204 patients with head injury were included in the
cohort, of which, the majority were less than 30years old
(n=104, 51.0%) and male (n=177, 86.8%).

Among the 201 patients with a recorded mechanism of injury,
road traffic accidents (RTAs) caused over 40% of all head injuries
in the cohort (n = 82, 41.0%), with pedestrians struck by a vehicle
being the most common type of RTA (n=50, 61.0%). Twenty
(10.0%) patients sustained head injuries at their workplace, either
as aresult of a fall (n=9, 45%) or as a driver in an RTA (n = 4, 20%).

A significant number of patients had at least one indicator of
severe injury on presentation (Table 1): 51 (25.0%) had a GCS <9,
53 (26.0%) had multi-system trauma, 95 (46.6%) had at least one
abnormal vital sign and of the 133 patients with complete data
available, 37 (27.8%) had a Revised Trauma Score (RTS) < 6.

Table 2 describes injury severity by their mechanism of injury.
Patients injured by an RTA were more likely to have indicators of
severe injury than patients with other mechanisms, including
multi-system trauma (odds ratio (OR) 3.2, 95% CI 1.7-6.2,
p=0.00), GCS<9 (OR 3.7, 95% CI 1.8-7.4, p=0.00), at least one
abnormal vital sign (OR 2.5, 95% CI 1.4-4.6, p=0.00) or an RTS
score < 6 (OR 3.6, 95% CI 1.6-8.1, p = 0.00). Patients injured either
by fall or assault had significantly higher rates of acute pathology
evident on CT scan when compared to those injured in an RTA:
36.1% of falls had a subdural hematoma (p=0.01) and 30.1% of
assaulted patients had an epidural hematoma (p = 0.01).

Table 3 describes patient outcomes stratified by the severity of
head injury (i.e. GCS) on presentation to the emergency centre.
Twenty-nine patients had a neurosurgical intervention, the major-
ity of whom had mild head injuries (GCS 13-15 on arrival) and 28
of them were discharged home (96.5%).

Overall, 149 (73.0%) patients were discharged from the hospital:
21.5% of patients were discharged with either persistent moderate
or severe head injury (i.e. 20 with GCS 9-12 and twelve with
GCS <9). Additionally, 13 (8.7%) patients were discharged home
with a persistent focal neurologic finding (twelve with hemiparesis
and one with aphasia; not in table).

Among the 22 patients who presented with severe head injury
but were ultimately discharged home, seven (31.8%) were dis-
charged in the same condition (GCS <9), 14 (63.6%) left hospital
with some improvement (six with GCS 9-12 and eight with
GCS > 13). Two patients were discharged with persistent focal neu-
rologic findings.
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Table 1
Socio-demographic and clinical characteristics of patients pre-
senting with head injury (n = 204).

Variable Total

n (%)
Age (years)
<16 9 (4.4)
16-29 104 (51.9)
31-45 49 (24.0)
46-60 26 (12.8)
> 60 7 (3.4)
Unknown 9 (4.4)
Male 177 (86.8)
Female 27 (13.2)
Alcohol-related 24 (11.8)
Workplace Injury 20 (9.8)
Arrival to EC
Ambulatory 7 (3.4)
By private car 21(10.3)
By taxi 140 (68.6)
By ambulance 30(15.2)
By police 2(1.0)
Unknown 3(1.5)
Multi-system trauma 53 (26.0)
Glasgow Coma Scale at Arrival
12-15 108 (53.0)
9-11 39 (19.1)
8 or less 51 (25.0)
Not recorded 6 (3.0)
Abnormal Vital Signs
SBP < 90 12 (5.9)
RR > 20 55 (27.0)
Hypoxia 42 (20.6)
HR > 100 34 (16.7)
Pupillary Reaction
Bilateral non-reactive 19 (9.3)
Unilateral non-reactive 12 (5.9)
Bilateral reactive 169 (82.8)
Focal Neurologic Deficit 25 (12.3)
Revised Trauma Score”’
1 1(0.8)
2 1(0.8)
3 2 (1.5)
4 11 (8.3)
5 22 (16.5)
6 31(23.3)
7 65 (48.9)
CT Scan Diagnosis
Skull Fracture 70 (34.3)
Basilar Fracture 14 (5.9)
Epidural Hematoma 37 (18.1)
Subdural Hematoma 36 (17.7)
Subarachnoid Hemorrhage 13 (6.4)

EC, Emergency centre; SBP, systolic blood pressure; RR, respi-
ratory rate; HR, heart rate; CT, Computed Tomography; **,
n =133 patients with complete data for calculation of Revised
Trauma Score.

Overall, 21 patients in the cohort died (10.3%); twelve (57.1%) of
whom died within 48 h of presentation to the emergency centre.
Data on the final outcome of 34 transferred patients was unavail-
able, however documented reasons for transfer suggest a signifi-
cant proportion of these patients had indicators of severe injury:
21 (61.8%) had an initial GCS< 13, nine (26.5%) had an RTS
score<6 and 21 (61.8%) were documented as needing transfer
for intensive care or neurosurgical services at another site.

The highest mortality among all mechanisms of injury was seen
in those patients sustaining a head injury as a pedestrian struck in
an RTA (18.0% died, as compared to 7.7% of all other mechanisms
combined, p = 0.03; Table 2). Furthermore, head injured patients

from any type of RTA mechanism (including driver, passenger or
pedestrian) had a threefold increased risk of death compared to
all other mechanisms when controlled for age (adjusted odds ratio
(aOR) 2.8, 95% CI 1.0-7.4, p = 0.04).

Complete data was available for 113 patients for both RTS and
final outcome (i.e. those patients not transferred to another facility
documented as either died or discharged). Among this subset, mor-
tality rates were highest in those with RTS < 4 (66.7%) and RTS =4
(57.1%) and lower among those with RTS 5 (27.8%), RTS 6 (7.7%)
and RTS 7 (0%).

Table 4 presents the clinical characteristics of patients on pre-
sentation to the emergency centre that were significantly associ-
ated with death, including age over 60 years (aOR 68.8, 95% CI
2.0-2329.0, p=0.02), GCS<9 (aOR 14.8, 95% CI 2.2-99.5,
p=0.01), fixed bilateral pupils (aOR 39.1, 95% CI 4.2-362.8,
p<0.01) and hypoxia (oxygen saturation < 90%; aOR 14.2%, 95%
Cl 2.6-123.9, p=0.01).

Discussion

We report a high severity of injury among a cohort of head
injured patients in an urban emergency centre in Ethiopia. Similar
cohorts of injured patients in sub-Saharan Africa have shown com-
parable rates of head injury severity [13-15] as well as that the
majority of head injuries occur among males and young persons
[4,16,17]. This degree of severity among a predominantly young
population is cause for concern regarding both the individual, in
terms of quality of life, and for society, in terms of lost productivity.

The impact of road traffic accidents (RTAs) on injury in this
cohort is also significant, as RTAs were the most common mecha-
nism of injury, and patients injured by RTA had an increased risk of
injury severity and death. The World Health Organization (WHO)
estimates that the African region has the highest RTA-related mor-
tality rate in the world (24.1 per 100,000 population vs. 10.3 per
100,000 in Europe), and that 38% of these deaths occurring among
“vulnerable road users” (i.e. pedestrians and cyclists) [18] Addi-
tionally, estimates in Ethiopia of the number of persons killed or
seriously injured following RTAs are 30 times higher than that of
the United States of America [19]. The impact of RTAs on Africa
has been noted to be related to a lack of road safety standards
and regulation of elements such as speed reduction and the use
of protective equipment such as helmets, which can lead to
increased severity [18]. Attention to road safety would greatly
impact the burden of injury in this population, and the road has
now been included in the WHO'’s Sustainable Development Goals,
specifically to halve the number of deaths from RTAs by 2020 [20].

In this cohort, we report significant poor outcomes (i.e. either
death or disability on discharge) among head injured patients. In
a study comparing geographic variations in outcome of patients
with severe head injury, patients in low-income countries had
much higher rates of mortality when compared to high-income
countries [21]. These authors cited limited access to early pre-
hospital services, treatment to prevent secondary injury (such as
from hypoxia or hypotension), or availability of neurosurgical ser-
vices as contributing factors in these settings [21]. Indeed, in our
setting, we can see the potential impact of these three identified
areas on patient outcomes. First, the majority of patients arrived
by private car or taxi, without pre-hospital services. Secondly,
while the first cadres of emergency specialist physicians and
nurses have recently graduated and are working in this setting,
their ability to prevent secondary injury is often hampered by lim-
ited infrastructure (i.e. lack of ventilators or limited blood prod-
ucts) [22]. Finally, surgical capacity remains limited as a review
of emergency neurosurgical cases at TASH in 2010 showed a med-
ian time of three days to neurosurgical consultation for emergency
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Table 2
Injury severity characteristics by mechanism of injury.”

Road traffic accident: Driver or Passenger Road traffic accident: Pedestrian Fall Assault p-Value

n=32 n=50 n=36 n=2383
Multi-system trauma 12 (37.5) 20 (40.0) 5(13.9) 16 (19.3) 0.02
Glasgow Coma Scale at Arrival
12-15 15 (46.9) 17 (34.0) 15(41.7) 60 (72.3) <0.01
9-11 6(18.8) 12 (24.0) 7 (19.4) 14 (16.9)
8 or less 10 (31.3) 21 (42.0) 11 (30.6) 7 (8.4)
Not recorded 1(3.1) 0(0) 3(8.3) 2(2.4)
Abnormal Vital Signs
SBP < 90 2 (6.3) 4 (8.0) 0(0) 5 (6.0) 0.75
RR>20 10 (31.3) 18 (36.0) 11 (30.1) 14 (16.9) 0.05
Hypoxia 13 (40.6) 13 (26.0) 10 (27.8) 6(7.2) <0.01
HR > 100 7 (21.9) 9 (18.0) 7 (19.4) 10 (12.1) 0.95
Revised Trauma Score”
<4 0(0) 2 (5.3) 1(4.8) 1(1.9) <0.01
4 5(27.8) 4(10.5) 0(0) 1(1.9)
5 2 (11.1) 10 (26.3) 6 (28.6) 3(5.7)
6 or7 11 (61.1) 22 (57.9) 14 (66.7) 48 (90.6)
CT Scan Diagnosis
Skull Fracture 5(15.6) 11 (22.0) 11 (30.6) 42 (50.6) <0.01
Basilar Fracture 2(6.3) 3 (6.0) 3(8.3) 5(6.0) 0.56
Epidural Hematoma 3(94) 4 (8.0) 5(13.9) 25 (30.1) 0.01
Subdural Hematoma 4 (12.5) 10 (20.0) 13 (36.1) 9(10.8) 0.01
Subarachnoid Hemorrhage 3(9.4) 4 (8.0) 3(8.3) 3(3.6) 0.36
Outcome
Discharged 19 (59.4) 32 (64.0) 29 (80.6) 67 (80.7) 0.03
Death 3(94) 9(18.0) 4(11.1) 4 (4.8)
Transferred 10 (31.3) 9(18.0) 3(8.3) 12 (14.5)

SBP, systolic blood pressure; RR, respiratory rate; HR, heart rate; CT, Computed Tomography; ". For 201 patients with known mechanism of injury; **, n = 130 patients with

complete data for calculation of Revised Trauma Score.

Table 3
Clinical outcome by head injury severity on presentation to the Emergency Centre.

Glasgow Coma Scale on Arrival (GCS)™

Mild (GCS 13-15) Moderate (GCS 9-12) Severe (GCS < 8) Unknown P-value
n=108 n=39 n=>51 n=6
Neurosurgical Intervention 18 (16.7) 7 (18.0) 4 (7.8) 0 0.56
Outcome
Death 0 3(7.7) 16 (31.4) 2(33.3) 0.00
Transferred 16 (14.8) 5(12.8) 13 (25.5) 0
Discharged 92 (85.2) 31 (79.5) 22 (43.2) 4 (66.7)
GCS at discharge” 74 (80.4) 15 (48.4) 8 (36.4) 2 (50.0) 0.00
Mild 1(1.1) 12 (38.7) 6(27.3) 1(25.0)
Moderate 4(4.4) 1(3.2) 7 (31.8) 0
Severe Unknown 13 (14.1) 3(9.7) 1(4.6) 1(25.0)

GCS, Glasgow Coma Scale; *, n = 149 patients discharged from TASH.

cases, and a further time to the operating room of one day [23].
Authors note contributing factors such as a lack of resources such
as diagnostic and therapeutic facilities, and appropriately staffed
beds for admission that may impact patient outcomes [23].

We have identified risk factors for mortality in this cohort,
including older age, severe head injury, fixed pupils and hypoxia
on presentation. These risk factors for mortality are consistent with
other studies [16,17,24-27] and deserve special attention in iden-
tifying patients at risk of mortality in the emergency centre. Proto-
cols to mitigate the impact of secondary injury and expedite
definitive care may improve outcomes in this setting.

Several limitations are identified in this study. First, as TASH-EC
is Ethiopia’s main trauma referral centre, which accepts patients
from peripheral clinics and hospitals, the study population may
not be representative of other sites in Ethiopia and we may be
overestimating the burden of injury. Secondly, we are unable to
report on outcomes of patients transferred to other sites, but given

that the data we do have on these patients suggests a high degree
of injury severity, our data may underestimate death and disabil-
ity. Finally, we report on risk factors for mortality that may be lim-
ited by a small sample size.

In conclusion, this study reports a significant degree of mor-
bidity and mortality associated with head injury presenting to
the emergency centre of this urban academic teaching hospital
and trauma referral centre in Addis Ababa, Ethiopia. Given these
findings of the study, a targeted approach to improving out-
comes of head injured patients must include multiple levels of
engagement. First, attention to prevention must be addressed
at a public health and policy level to improve road traffic safety
and work safety. Second, strengthening pre-hospital services and
trauma care throughout the system will greatly impact patient
outcomes of injured patients. Finally, a coordinated effort may
allow this injured group of economically productive citizens
their best chance of recovery.
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Table 4
Multivariable analysis of socio-demographic and clinical risk factors for mortality.’

Alive Died p-Value Adjusted OR (95% CI) p-value
(N =149) (N=21)
Age (years)
<16 8 (5.4) 0(0) 0.03
16-30 81 (54.4) 5(23.8) 1.0
31-45 32(21.5) 8 (38.1) 3.6 (0.5-28.0) 0.23
46-60 18 (12.1) 4(19.1) 1.2 (0.1-13.1) 0.90
>60 5(3.4) 1(4.8) 71.9 (2.1-2421.0) 0.02
Not recorded 5(34) 3(14.3) 20.1 (0.5-784.8) 0.11
GCS on arrival
9-15 123 (82.6) 3(14.3) 0.00 1.0
<9 22 (14.8) 16 (76.2) 14.6 (2.2-98.9) < 0.01
Not recorded 4(2.7) 2(9.5)
Pupillary Reaction
Bilateral non-reactive 6 (4.0) 11 (52.4) 0.00 31.6 (3.4-293.5)< 0.01
Unilateral non-reactive 7(4.7) 3(14.3) 4.0 (0.3-56.8) 0.30
Bilateral reactive 134 (89.9) 5(23.8) 1.0
Hypoxia on Arrival (02 saturation < 90%) 20(13.4) 13 (61.9) 0.000 12.0 (1.3-107.7) 0.03

GCS, Glasgow Coma Scale; *, n=170 (excludes patients transferred with unknown outcomes).

Dissemination of results

The results of this study have been presented to the Emergency
Department of Tikur Anbessa Specialized Hospital in Addis Ababa
University and at the African Federation of Emergency Medicine
Conference in Addis Ababa, Ethiopia in 2014.
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