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ABSTRACT

Background Traumatic brain injury (TBI) is an
important cause of morbidity and mortality in low/
middle-income countries. The objective was to assess
causes and outcomes of unintentional and intentional
TBI among patients presenting to a tertiary care hospital
in Uganda.

Methods This study was conducted at Mulago National
Referral Hospital, Kampala, Uganda, for 15months in
2016-2017. Patients of all ages, males and females,
presenting to the emergency department with suspected
or documented TBI were enrolled. Patient demographics,
TBI causes and outcomes were recorded. The outcome of
interest was unintentional and intentional TBI.

Results Intent was known for 3749 patients, of

these 69.7% were unintentional TBI and 30.3% were
intentional TBI. The average age of patients in both
groups was similar (28+14 years) with over 70% of
patients between 19 and 45 years age group. About
80% were males in both groups. The main causes of
unintentional TBI were road traffic injuries (RTI) (88.9%)
and falls (11.1%). Pedestrians (42.1%) and motorcycle
drivers (28.1%) were the most common road users.
Among patients with unintentional TBI, about 43.6%
were admitted, 34.0% were sent home. There were

73 deaths: 63 were patients with RTl and 10 had a

fall. Although assault (97.1%) was the main cause of
intentional TBI, those patients with self-harm were likely
to be in severe Glasgow Coma Scale range (39.4%)
compared with victims of assault (14.2%). Among
patients with intentional TBI, 42.6% were admitted and
37.1% were sent home. There were 30 deaths: 29 were
assault victims and 1 of self-harm.

Discussion Unintentional TBI caused by RTI and
intentional TBI caused by assault are common among
young males attending Mulago Hospital in Kampala.
Level of evidence Prospective observational study,
level III.

INTRODUCTION

Globally, traumatic brain injury (TBI) is an important
cause of hospitalization, death and disability, dispro-
portionality affecting people in low/middle-income
countries (LMIC).!? TBI has both short-term and
long-term implications for victims; and even a mild
injury could lead to a lifelong disability.> According
to estimates by the WHO, about 10-69 million
people across the world suffer from all-cause TBI.
This wide range is possibly due to differences in
data sources used for estimates, thus emphasizing
the need to have accurate measures for assessing
TBI burden.?*

Some of the important causes of TBI globally
are road traffic injuries (RTI), falls and violence.**
Rapid motorization especially with two and three
wheelers, urbanization, lack of safety for high-
risk occupations like construction industry and
increasing conflict and crisis situations have esca-
lated the TBI burden in LMICs. TBI is found to be
common among children and young adults. In addi-
tion, males are more predisposed to suffer from TBI
compared with females due to higher risks for RTI
and violence-related injuries.®

There is great variation in TBI incidence across
various regions of the world. TBI incidence is found
to be higher in sub-Saharan Africa (SSA) where TBI
rates due to RTI and violence are reported to be
156 and 144 per 100 000, respectively. These rates
are 1.5 and 3.3 times higher than the global rates
for RTI and violence resulting in TBI. Similarly,
rates of intracranial long-term injuries due to war,
violence and other unintentional injuries are much
higher in SSA compared with global rates.?

Uganda, an SSA country with a population of
about 42 million, has over 80% living in rural
areas.” In Uganda between 1990 and 2016, deaths
due to unintentional injuries increased by 48% and
years lived with disability (YLD) also increased
by 118%. Whereas transport injuries resulting in
deaths increased by 103% and its YLD by 147%,
intentional injuries leading to death also increased
by 111% and YLD by 105%.% These upward trends
in mortality and disability are alarming for a country
like Uganda.

In the face of an increasing injury burden, under-
standing the burden of TBI is crucial in planning
and implementation of preventive interventions to
reduce its incidence. However, evidence informed
programming and policymaking are impeded by the
scarcity of such data in Uganda despite efforts to
establish trauma registries.” 1 The objective of this
study was to assess the burden of unintentional and
intentional TBI, their causes and outcomes among
patients presenting to a tertiary care hospital in
Kampala, Uganda. The ability to show the burden
on the healthcare system is a first step in generating
attention to this injury.

METHODS

This prospective observational study was conducted
at Mulago National Referral Hospital, Kampala,
Uganda; the current analysis is based on the pilot
data collection spanning over 15 months during
2016-2017. The hospital is the largest public
sector, tertiary care hospital in the country.
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Figure 1  Flow chart of patient enrollment for Kampala internet-based
Traumatic Brain Injury Registry (KiTBIR). TBI, traumatic brain injury.

Not TBI on detailed assessment or no
consent/assent/parental permission [
(n=791)

Study setting and participants

Patients of all ages, males and females, presenting to the emer-
gency department (ED) of the hospital with suspected or docu-
mented TBI were potential participants. TBI was evaluated
based on a history of direct injury to the head, or a mechanism
involving injuries to multiple body regions such as fall or RTTs or
assault. Loss of consciousness after the injury was not a require-
ment for inclusion. Patients with no mechanism suggestive of
head injury or TBI, or who had other reasons to have a depressed
level of consciousness, such as those with meningitis, stroke or
psychotropic medications were excluded from the study.

Enrollment

Eligible patients were enrolled in the ED after their initial
assessment. Suspected patients of TBI, where a history was not
available immediately, were logged and evaluated later for eligi-
bility based on their in-depth assessment in the ED. Data were
collected by designated ED staff members and covered ED round
the clock, thus included all suspected patients of TBI during the
study period. Oral informed consent was taken from all adult
patients, assent from patients between 13 and 17 years of age
and permission from the parents or guardians for all children
under 13 years of age. Patients for whom consent, assent and/or
parental permission could not be obtained were excluded.

Data collection and follow-up

Enrolled patients were followed until their discharge from the
ED. Data were collected using an electronic hospital-based
registry, Kampala internet-based Traumatic Brain Injury Registry,
developed specifically for TBI; details on the development of
this registry are given elsewhere.!! The registry includes data
on patients’ demographics, place of residence (rural vs. urban),
injury circumstances, prehospital care, hospital assessment and
care, TBI causes, injury severity, and patient outcomes. Data on
demographics, prehospital care and injury event were collected
as soon as the patient was stabilized, whereas data related to
ED outcome were collected at the time of patient discharge
from the ED. Data collection was done by nursing staff who
were trained specifically on TBI surveillance, care and outcomes,
using android tablets with the mHealth-based app for the TBI
registry. The data on tablets were submitted via secure networks
to a secure server protected by limited access and strong pass-
word systems. The data received on the server were monitored
by investigators for data quality and timeliness.

Outcome variable

The outcome of interest was the intent of injury among patients
with TBI presenting to the ED of Mulago Hospital. Other vari-
ables included in the analysis were patient characteristics such as
age, sex, area of residence, marital status, and education level.
Differences in TBI event characteristics for unintentional and
intentional injuries were analyzed for cause and type of injury,
care received prior Mulago Hospital, mode of arrival to Mulago,
and ED discharge status.

Statistical analysis

For the analysis, age was categorized into three groups: 0-18
years, 19-45 years and >45 years based on the age distribu-
tion of enrolled patients. TBI severity was assessed based on the
Glasgow Coma Scale (GCS) and categorized into mild, moderate
and severe. The Kampala Trauma Score (KTS) was also calcu-
lated based on age, number of serious injuries, systolic blood
pressure, respiratory rate and neurological status. This score has
been previously validated in the Ugandan setting.'> Descriptive
analysis was run on data related to patient demographics and
clinical characteristics, causes of TBI and ED outcome. x> test
of association was used for categorical variables whereas t-test
was done for continuous variables.!® * Simple and multivariable

Table 1 Demographic characteristics of patients with traumatic brain
injury (n=3749)
Unintentional Intentional
(n=2614, 69.7%) (n=1135,30.3%) P value
Age in years (mean+SD) 28.6+14.1 28.5+14.5 0.1969
Age group (years)
0-18 472 (18.1) 213 (18.8) 0.860
19-45 1880 (71.9) 807 (71.1)
>45 262 (10.0) 115 (10.1)
Sex
Males 2216 (84.8) 959 (84.5) 0.826
Females 398 (15.2) 176 (15.5)
Area of residence*
Urban 1321 (50.6) 572 (50.4) 0.415
Rural 1288 (49.3) 563 (49.6)
Marital status
Single 1179 (45.1) 495 (43.6) 0.699
Married 1170 (44.8) 521 (45.9)
Others 265 (10.1) 119 (10.5)
Education
None 176 (6.7) 82(7.2) 0.487
Primary 1472 (56.3) 623 (54.9)
High school 857 (32.8) 371 (32.7)
Graduate 109 (4.2) 59 (5.2)
Breadwinner (yes) 1620 (62.0) 691 (60.9) 0.804
Mode of arrival <0.001
Private vehicle 819 (31.3) 263 (23.2)
Boda-boda (motorcycle 199 (7.6) 99 (8.7)
taxi)
Ambulance 814 (31.1) 194 (17.1)
Police vehicle 732 (28.0) 550 (48.5)
Others 50 (1.9) 29 (2.6)

*As reported by patients or their caregiver.
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(A) Causes of unintentional and intentional traumatic brain injuries (TBI) by sex and age groups. (B) Causes of unintentional and

intentional traumatic brain injuries by Glasgow Coma Scale (GCS) category. RTI, road traffic injury.

logistic regression was conducted with <0.05 level of signifi-
cance to analyze factors associated with intentionality of TBL"
The independent variables considered include age group, sex,
area of residence, marital status, education level, whether patient
is a breadwinner or not, mode of arrival to the hospital, type of
head injury, KTS, GCS category on arrival to the hospital, and
ED outcomes. Data were analyzed using STATA V.14.1¢

RESULTS

During the study period, a total of 4735 patients were eligible
for enrollment (figure 1). Out of these, 3944 (83.3%) were
enrolled into the study. Seven hundred and ninety-one patients
were excluded because they did not fulfill the inclusion criteria
or did not give consent or assent or parental permission. Out of
3944 enrolled patients, the intent of TBI was known for 3749
(95.19%0); analysis in this study is therefore limited to these 3749

patients (figure 1). Of these, 2614 (69.7%) patients were of
unintentional TBI and 1135 (30.3%) were of intentional TBI.

Patient demographics

There was no statistical difference between the unintentional
and intentional TBI groups except for mode of arrival to Mulago
Hospital (table 1). Two-thirds of patients with unintentional TBI
were brought to the ED by private vehicles (31.3%) and ambu-
lances (31.1%), however, about 48.5% of patients with intentional
TBI were brought by police vehicles (table 1). The average age of
patients in both groups was similar, with over 70% of patients
between 19 and 45 years age group. More than 80% were males,
with a little over 50% coming from urban settings. The propor-
tion of single and married patients was almost similar in both
groups. Over 50% had received primary education in both groups
and more than 60% were breadwinners of their families (table 1).
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Table 2 Clinical characteristics of patients with traumatic brain
injury (n=3749)

Unintentional Intentional
(n=2614, 69.7%) (n=1135,30.3%) P value
Type of head injury
Open 956 (36.6) 410 (36.1) 0.892
Close 1636 (62.6) 718 (63.3)
Serious injuries (n)
0 552 (21.1) 208 (18.4) 0.131
1 1988 (76.1) 896 (79.1)
>2 73(2.8) 29 (2.6)
KTS category
Mild (9-15) 2205 (84.4) 975 (86.1) 0.002
Moderate (7-8) 259 (9.9) 124 (10.9)
Severe (4-6) 149 (5.7) 34 (3.0)
GCS category
Mild (13-15) 1591 (60.9) 712 (62.7) 0.211
Moderate (9-12) 573 (22.0) 254 (22.4)
Severe (<8) 450 (17.2) 169 (14.9)
Disposition from ED
Discharged 888 (34.0) 421 (37.1) 0.387
Admitted 1139 (43.6) 483 (42.6)
LAMA 117 (4.5) 48 (4.2)
Death 73(2.8) 30 (2.7)
Others 397 (15.2) 153 (13.5)

ED, emergency department; GCS, Glasgow Coma Scale; KTS, Kampala Trauma Score;
LAMA, leave against medical advice.

Unintentional TBI

The majority of patients in this category were in 19-45 years age
group (figure 2A). RTI (88.9%) was the main cause of uninten-
tional TBI. Among patients with unintentional TBI who had an
RTI, most victims were vulnerable road users, including pedes-
trians (42.1%) and motorcycle drivers (28.1%) across all age
groups. These patients were hit by cars (46.9%) and boda-bodas
(motorcycle taxi) (34.6%). Only a small proportion of patients
with RTI used a helmet (16%) or wore seat belts (12.2%) at
the time of the crash. A significant proportion of patients with
TBI with fall-related injuries fell from a height of =3 m (41.8%)
across all age groups. Around 33.7% had a fall from a height of
<3 m.

Around 16.5% of patients with RTI and 23.2% of fall patients
had a GCS score below 8 (p<0.001) (figure 2B). The KTS cate-
gory was noted to be severe for 5.3% of patients with RTT and
8.7% of fall patients (p<0.001). About 43.6% of the patients
were admitted for inpatient care and 34.0% were sent home
(p=0.387). There were 73 deaths: 63 from RTI and 10 from fall
injury (table 2).

Intentional TBI

Like unintentional injuries, the majority in this category were
between 19 and 45 years age group (figure 2A). Assault (97.1%)
was the main cause of intentional TBI. Common assault methods
were use of bodily force (33.7%), iron bar (24.2%) and hammer
(12.0%). Firearms were extremely uncommon, documented in
only three patients.

About 63.8% of assault patients were in mild GCS category,
22.1% in moderate and 14.2% were in severe category. Patients
with TBI with deliberate self-harm were likely to be in the severe
GCS category (39.4%) compared with victims of assault (14.2%)

(p<0.001) (figure 2B). The KTS category was also noted to be
severe for 3.1% of assault patients (p<0.001). About 42.6% of
patients were admitted for inpatient care and 37.1% were sent
home (p=0.387). There were 30 deaths: 29 were assault victims
and 1 was a suicide (table 2).

Multivariate analysis
Comparing between patients with unintentional and intentional
TBI, multivariate logistic regression showed statistically signif-
icant differences in the mode of arrival and severity of injury
measured by KTS category. Controlling for other covariates,
the odds of arriving by motorcycle taxi (compared with private
vehicles) were 1.55 times greater for individuals with intentional
TBI compared with patients with unintentional TBI. Meanwhile,
adjusted odds of being transported in a police vehicle were 2.36
times greater for patients with intentional TBI compared with
unintentional TBI. The adjusted odds of being in severe category
of KTS were 45% lower in patients with unintentional TBI.
Although other independent variables in the model did not
show statistically significant association, it was interesting to
note that the adjusted odds of unintentional TBI were 10%
lower in 19-45 years age group and 14% lower in >45 years old
compared with <18 years old age group. Patients with uninten-
tional TBI were 12% more likely to be married compared with
those who were single (p=0.208). Individuals with unintentional
TBI were more likely to be in mild GCS category compared with
those with intentional TBI (moderate adjusted OR (aOR): 0.97
and severe aOR: 0.86). Individuals with unintentional TBI were
more likely to be discharged from the ED compared with those
with intentional TBI. The adjusted odds of admission were 0.88
compared with being discharged home (table 3).

DISCUSSION

These prospective data from a hospital-based registry provide
insight into risk factors and outcomes associated with intent of
TBI in urban Uganda. TBI affects young males, and most risk
factors including age, sex, education, area of residence and ED
outcomes are comparable between two groups. A significant
difference was found between mode of arrival to ED and intent
of TBI, where police are more likely to transport individuals
with intentional TBI to the hospital. The study also showed
that RTT and falls are main causes of unintentional TBI whereas
assault makes up most of intentional TBI. Although RTI and falls
have been previously listed as main causes of TBI in Uganda,
this study highlights the burden of ED visits associated with TBI
associated secondary to assault and deliberate self-harm.!7-2

RTTI is an important cause of unintentional TBI among young
males in Kampala. The majority of TBI victims were vulnerable
road users including pedestrians and motorcycle riders who
share the same road space with motorized vehicles. In a country
where road infrastructure is rapidly growing, road designs must
support easy and risk-free mobility of pedestrians and consider
designated pedestrian crossing for pedestrians.?® 2* In addition,
interventions for road safety such as enforcement to control
speeding, promotion of helmet wearing, and seat belt use may
require urgent attention. Uganda does have a helmet law appli-
cable to drivers and passengers, but the law does not require
fastening of the helmet and there is lack of enforcement of the
law.?

A third of all patients with TBI sustained intentional injuries.
These violent assaults threaten the physical health and long-term
outcomes of victims, and reflect on society and social issues. The
near absence of firearm injuries in this hospital population could
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Table 3 Association of intent of traumatic brain injury with patient
demographic and clinical characteristics*

Unadjusted OR Adjusted OR (95%  Adjusted ORt (95%
(95% CI) Cl) Cl)
Age group (years)
0-18 Reference Reference
19-45 0.95(0.79t0 1.14)  0.90 (0.73t0 1.12)
>45 0.97 (0.74 10 1.28) 0.86 (0.63 t0 1.18)
Sex
Males Reference Reference
Females 1.02 (0.84t01.24)  0.99(0.81 t0 1.22)

Area of residence

Urban Reference

Rural 0.97 (0.91 t0 1.03)
Breadwinner

Yes Reference

No 1.00 (0.99 to 1.01)
Mode of arrival

Private Reference

vehicle

Boda-boda  1.55 (1.17 to 2.05)

(motorcycle

taxi)

Ambulance  0.74 (0.60 to 0.91)

Police 2.34 (1.96 t0 2.79)

vehicle

Others 1.81(1.12t0 2.91)
Type of head injury

Open Reference

Close 1.00 (0.99 to 1.01)

Serious injuries (n)

0 Reference

1 1.20 (1.00 to 1.43)

>2 1.05 (0.67 to 1.67)
KTS category

Mild (9-15) Reference

Moderate 1.08 (0.86 to 1.36)

(7-8)

Severe (4-6) 0.52 (0.35 to 0.75)
GCS category

Mild (13-15) Reference

Moderate 0.99(0.83 10 1.18)

(9-12)
Severe (<8) 0.84 (0.69 to 1.02)

Disposition from ED

Discharged  Reference

Admitted 0.89 (0.76 to 1.05)
LAMA 0.87 (0.61t0 1.23)
Death 0.87 (0.56 to 1.35)
Others 0.82 (0.65 to 1.01)

Reference
0.96 (0.89 to 1.04)

Reference
1.00 (0.99 to 1.01)

Reference

1.55 (1.17 t0 2.05)

0.75 (0.61 t0 0.93)
2.36 (1.98 t0 2.82)

1.83 (1.13 t0 2.96)

Reference
1.00 (0.99 to 1.00)

Reference

1.08 (0.89 to 1.31)
0.91 (0.56 to 1.46)

Reference
1.04 (0.82 to 1.31)

0.55 (0.36 t0 0.82)

Reference
0.97 (0.81 to 1.16)

0.86 (0.70 to 1.06)

Reference
0.88 (0.75 to 1.04)
0.84 (0.57 to 1.21)

0.95 (0.60 to 1.50)
0.80 (0.64 to 1.01)

Reference
0.97 (0.90 to 1.04)

Reference

1.54 (1.17 t0 2.04)

0.74 (0.60 to 0.91)

2.32(1.95102.78)

1.83 (1.13 t0 2.95)

Reference
1.05 (0.83 to 1.32)

0.53 (0.36 t0 0.78)

*Bold means statistically significant OR.Based on model selection.

tBased on model selection.

ED, emergency department; GCS, Glasgow Coma Scale; KTS, Kampala Trauma Score;

LAMA, leave against medical advice.

be an indicator of the low incidence of firearm assaults in the
community, but it might also be because most such injuries result
in fatalities before patients are able to access care, especially in

a setting where prehospital care is largely lacking. It has been
reported that intentional TBI results in high injury severity along
with higher burden on caregivers.??% TBI can cause physical,
cognitive, and behavioral or emotional impairments.?’ 3 These
consequences are further worsened given fragile health systems
in LMICs like Uganda where lack of appropriate and timely
care, and scarce resources for management of such patients are
challenging.?

During the past two decades, despite improvement in health-
care systems across the world, mortality associated with TBI
remains at 30% to 35%.%'-3% This has consequences for LMICs
like Uganda.'® 2° This is crucial for developing preventive
programs that focus on primary prevention within communi-
ties as well as for secondary and tertiary prevention to reduce
mortality and disability associated with TBI in LMICs. There
is a need for further exploration of risk factors like use of
alcohol, substance abuse among youth, and family cohesion in
the country to avoid consequences of intentional injuries.? 3
It is essential to develop programs to engage youth in produc-
tive activities for contribution towards country’s economic
development.’® Positive youth development programs have
shown promising results through holistic approach involving
identification of problem, skill building, developing healthy
relationships with peers and community, and supporting youth
as a key stakeholder by giving them voice and opportunities
for personal, professional and economic growth and develop-
ment.*® Such programs can be developed for TBI prevention at
community level.

Another important finding in the study was the role of police in
transportation of individuals with intentional TBI to the hospital
for further care. This is an opportunity to assess their role as first
responders and development of skills required to integrate police
into the trauma care system within Uganda. As first responders,
they can be provided with first aid training which may impact
patient outcome and injury severity.” Although police in high-in-
come countries (HICs) have been trained to provide basic life
support and perform life-saving interventions, such a training is
lacking at national and subnational levels in Uganda.*®

One of the main strengths of the study is that it collected
prospective data on a large number of patients with TBI seen in
a tertiary care hospital. This study was conducted in a tertiary
care center; therefore, results are not reflective of burden of TBI
in the community. The study highlights association between TBI
intent and various patient demographic and clinical factors but
it cannot assess temporality between outcome and independent
variables due to nature of study design. Future studies need to
focus on patient outcomes and recovery patterns once they are
discharged from the hospital. The intent of TBI was documented
based on what patients and their guardian reported. It was not
possible to analyze the true intent of TBI, thus intentional TBI
may be under-reported in this study. Although data on intent
were available for 95% of the patients, there was no mechanism
in place to explore TBI intent in 5% of the patients for which no
intent was documented. It cannot be concluded whether these
data were missing at random or were associated with intent of
TBI itself.

CONCLUSION

This hospital-based registry provides insight into risk factors,
causes and outcomes associated with intent of TBI in Uganda.
Being young and male is an important risk factor for TBI in
urban Uganda. RTI for unintentional TBI and assault for inten-
tional TBI are the main causes. Although there was no significant
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difference in outcomes in the two groups, severity of injury as
assessed by KTS was more among patients of intentional TBIL.
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