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Factors affecting mortality after traumatic brain injury
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Background: Traumatic brain injury (TBI) is a major cause of long-term disability and economic loss to
society. The aim of this study was to assess the factors affecting mortality after TBI in a resource-poor
setting.
Methods: Chart review was performed for randomly selected patients who presented with TBI between
2013 and 2017 at St Mary’s Hospital, Lacor, northern Uganda. Data collected included demographic
details, time from injury to presentation, and vital signs on arrival. In-hospital management and mortality
were recorded. Severe head injury was defined as a Glasgow Coma Scale score below 9.
Results: A total of 194 patient charts were reviewed. Median age at time of injury was 27 (i.q.r.
2–68) years. The majority of patients were male (M : F ratio 4⋅9 : 1). Some 30⋅9 per cent of patients had
severe head injury, and an associated skull fracture was observed in 8⋅8 per cent. Treatment was mainly
conservative in 94⋅8 per cent of patients; three patients (1⋅5 per cent) had burr-holes, four (2⋅1 per cent)
had a craniotomy, and three (1⋅5 per cent) had skull fracture elevation. The mortality rate was 33⋅0 per
cent; 46 (72 per cent) of the 64 patients who died had severe head injury. Of the ten surgically treated
patients, seven died, including all three patients who had a burr-hole. In multivariable analysis, factors
associated with mortality were mean arterial pressure (P = 0⋅012), referral status (P = 0⋅001), respiratory
distress (P = 0⋅040), severe head injury (P = 0⋅011) and pupil reactivity (P = 0⋅011).
Conclusion: TBI in a resource-poor setting remains a major challenge and affects mainly young males.
Decisions concerning surgical intervention are compromised by the lack of both CT and intracranial
pressure monitoring, with consequent poor outcomes.
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Introduction

Traumatic brain injury (TBI) is an insult to the brain, not
degenerative or congenital in nature, but caused by an
external physical force, that may produce a diminished or
altered state of consciousness, resulting in an impairment
of cognitive ability or physical functioning1. TBI is an
important public health problem worldwide2. It is a major
cause of long-term disability and economic loss to society3.
In the USA alone, approximately 1⋅7 million TBIs occur
each year, either in isolation or as part of polytrauma.
TBI remains the highest global cause of morbidity and
mortality4.

Classifications of TBI vary; however, the Glasgow Coma
Scale (GCS) is the commonest and most widely used system

for classifying TBI severity at the time of injury. The
GCS is a 3–15-point scale, assessing the patient’s con-
scious level and neurological functioning5. A GCS score
of 13–15 is defined as mild, 9–12 as moderate, and 3–8 as
severe.

Much of the neurological damage resulting from TBI
does not occur immediately but in the minutes, hours
and days that follow6. The primary injury is due to
irreversible mechanical injury, but the resulting cere-
bral oedema contributes to secondary injury from raised
intracranial pressure, hypotension, hypoxia, anaemia,
seizures, hypoglycaemia and hyperthermia. Therefore,
prevention and correct management of this complication
improves outcome from head injury, and urgent treatment
of head-injured patients is of utmost importance.
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In Africa, there is wide variation in TBI epidemiology7.
The majority of TBI occurs in young patients aged
19–40 years, and mainly affects males8. TBI is a major
cause of mortality and morbidity in sub-Saharan Africa. In
Mulago National Referral Hospital in the Ugandan capital
Kampala, TBI had an overall mortality rate of 9⋅6 per cent,
ranging from 4⋅7 per cent for mild and moderate to 55 per
cent for severe head injuries9.

TBI in sub-Saharan Africa has been poorly studied, par-
ticularly in non-metropolitan areas and in hospital centres
that lack the imaging facilities found in large city hospi-
tals. St Mary’s Hospital, Lacor, located in northern Uganda
along Gulu–Juba highway, is a centre that receives a high
number of injured patients with associated TBI. It is lim-
ited in its capability for neurosurgical care, with no CT
available, and death from TBI remains high, second only to
sepsis as the overall cause of death in the hospital in 2017. A
2017 study10 of all admissions to the ICU in St Mary’s Hos-
pital found the mortality rate amongst patients with severe
TBI to be 16⋅3 per cent, but the causes were not explored.

Determining the mortality risk factors in patients with
TBI would enable the healthcare provider to carry out
correct and early allocation of resources to help reduce the
morbidity and mortality rate, and would be of great benefit
in resource-limited settings. The aim of this study was to
assess the current scale of the problem, and to determine
factors associated with mortality among patients presenting
with TBI to St Mary’s Hospital, Lacor.

Methods

A chart review of patients admitted to St Mary’s Hospi-
tal, Lacor, with a diagnosis of TBI during 2013–2017 was
undertaken. The study was approved by the hospital’s insti-
tutional research and ethics committee (LHIREC). Given
the retrospective and notes-based nature of the study, the
LHIREC board waived the need to gain consent from indi-
vidual patients.

St Mary’s Hospital, Lacor, is a private, not-for-profit,
church hospital situated in Gulu District, northern
Uganda. The hospital has significant overseas support,
and patient care is subsidized in order to fulfil its mission
of serving the poorest patients to the highest standards
possible. The hospital is also a university teaching hos-
pital for the Government University of Gulu, Faculty
of Medicine. Gulu Regional Referral Hospital is about
3 miles away, and also receives casualties. It is likely that the
patient population in the present study is representative
of the population in the region. Neither cost nor religious
considerations are likely to influence initiating a transfer
to St Mary’s Hospital.

The sample size required was calculated by Slovin’s for-
mula as 194 patients (Appendix S1, supporting informa-
tion). All files in the hospital archives for the Department
of Surgery with a diagnosis of trauma were selected and
sorted for associated TBI. The 194 patient charts were
selected randomly, and data were extracted from the sam-
pled files using predesigned semistructured questionnaires.
Data were collected on age, sex, marital status, referral sta-
tus, delay before arrival to hospital, degree of TBI sever-
ity, pupil size and reactivity to light, systolic BP, pulse
rate, respiratory rate, intubation status and oxygen satu-
ration (Appendix S2, supporting information). In-hospital
management and mortality were recorded. All collected
data were transferred into a computerized database created
using Epi Info™ 7.0 (https://www.cdc.gov/epiinfo).

Statistical analysis

Statistical analysis was performed using statistical software
STATA® version 13.0 (StataCorp, College Station, Texas,
USA). Univariable analysis was done in which the socio-
demographic factors were described.

Mean(s.d.) values were calculated for continuous vari-
ables, and proportion and frequency tables were used
to summarize categorical variables. Continuous variables
were categorized, then bivariable and multivariable logistic
regression analyses were performed for mortality factors,
calculating the crude and adjusted odds ratios (ORs), and
P values. P < 0⋅050 was considered statistically significant.

Results

A total of 375 patients were treated for TBI during the
study period. The charts of 194 patients were reviewed;
their baseline characteristics are shown in Table 1.

A variety of causes of TBI were identified. Notably, 62
individuals (32⋅0 per cent) came off their motorcycle and
54 (27⋅8 per cent) were hit by a motorcycle; other motor
vehicles hit a further 33 individuals (17⋅0 per cent). Assault
was the cause of TBI in 37 patients (19⋅1 per cent), and
eight (4⋅1 per cent) fell from a height. Some 161 patients
(83⋅0 per cent) were males, and 129 (66⋅5 per cent) were
in the reproductive age group. Overall, 155 patients (79⋅9
per cent) were under 40 years of age. All injuries were blunt
rather than penetrating.

Patients with head injury presented to the accident and
emergency department with varying GCS scores and vary-
ing duration from the time of injury. The GCS score
ranged from 3 to 15 (mean(s.d.) 10(3)). Some 94⋅3 per
cent of the patients (149 of 158) presented to the hospi-
tal more than 24 h from the time of injury. Seventy-four
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Table 1 Baseline characteristics and vital observations on
arrival

No. of patients (n = 194)

Age (years)

<65 186 (95⋅9)

≥65 8 (4⋅1)

Sex

M 161 (83⋅0)

F 33 (17⋅0)

Marital status

Married 100 (51⋅5)

Single 94 (48⋅5)

Referral status

Referral 94 (48⋅5)

Non-referral 100 (51⋅5)

Delay before admission (h) n = 158

≤1 9 (5⋅7)

>1 149 (94⋅3)

GCS score*

>13 74 (38⋅1)

9–13 60 (30⋅9)

<9 60 (30⋅9)

Pupil size

Normal 135 (69⋅6)

Anisocoria 35 (18⋅0)

Bilateral dilation 24 (12⋅4)

Pupil reactivity

Normal 150 (77⋅3)

Sluggish 30 (15⋅5)

Non-reactive 14 (7⋅2)

Mean systolic BP (mmHg) n = 154

<90 6 (3⋅9)

90–139 124 (80⋅5)

≥140 24 (15⋅6)

Pulse rate (beats/min) n = 172

≤60 12 (7⋅0)

61–100 115 (66⋅9)

>100 45 (26⋅2)

Respiratory rate (breaths/min) n = 173

<12 0 (0)

12–20 145 (83⋅8)

>20 28 (16⋅2)

Oxygen saturation (%) n = 185

<90 18 (9⋅7)

≥90 167 (90⋅3)

Values in parentheses are percentages. *Definition of severity of traumatic
brain injury (TBI): severe TBI, Glasgow Coma Scale (GCS) score above
13; moderate TBI, GCS score 9–13; mild TBI, GCS score below 9.

patients (38⋅1 per cent) presented with mild, 60 (30⋅9 per
cent) with moderate and 60 (30⋅9 per cent) with severe TBI.
Twenty-four (12⋅4 per cent) of the patients were admitted
with bilaterally dilated pupils and 35 (18⋅0 per cent) had

Table 2 Multivariable logistic regression analysis of mortality
factors

Adjusted odds ratio P

Heart rate 1⋅00 (0⋅20, 5⋅07) 0⋅976

Intubation 4⋅76 (0⋅17, 131⋅91) 0⋅357

Loss of consciousness 1⋅18 (0⋅16, 9⋅49) 0⋅841

Mean arterial pressure 16⋅81 (2⋅64, 106⋅36) 0⋅012

Oxygen saturation 0⋅13 (0⋅01, 1⋅83) 0⋅133

Referral 8⋅56 (1⋅99, 36⋅82) 0⋅001

Respiratory rate 11⋅53 (1⋅07, 123⋅10) 0⋅040

Severity of head injury 10⋅30 (1⋅94, 54⋅69) 0⋅011

Pupil size 0⋅34 (0⋅03, 3⋅43) 0⋅353

Pupil reactivity 65⋅49 (2⋅67, 1606⋅59) 0⋅011

Treatment 0⋅11 (0⋅02, 10⋅81) 0⋅142

Values in parentheses are 95 per cent confidence intervals.

anisocoria. Thirty-two patients (16⋅5 per cent) had seizure
episodes, and 9⋅7 per cent (18 of 185) were hypoxic on
admission.

Plain skull X-ray evaluation for possible skull fracture was
performed in 37 patients (19⋅1 per cent) admitted with a
head injury. Skull X-ray was performed at the doctor’s dis-
cretion on clinical suspicion of skull fracture for those not
undergoing ventilation. However, for those under ventila-
tion, transferring the patient to the radiology department
for emergency skull X-ray was often not feasible until stabi-
lized. Of those X-rayed, 17 (46 per cent) had skull fractures:
nine (24 per cent) depressed skull fractures and eight (22
per cent) linear fractures. Other associated injuries were:
soft tissue injury in all patients, blunt chest trauma in nine
(4⋅6 per cent), long bone fractures in 11 (5⋅7 per cent), oro-
maxillofacial injury in 15 (7⋅7 per cent) and visceral injury
in two (1⋅0 per cent). No patient had associated spine or
spinal cord injury at presentation.

Treatments offered were conservative and surgical. Some
184 patients (94⋅8 per cent) were treated conservatively,
three (1⋅5 per cent) had burr-holes, four (2⋅1 per cent) had
a craniotomy and three (1⋅5 per cent) had skull elevation
performed.

The mortality rate was 33⋅0 per cent (64 of 194), with 56
deaths (88 per cent of total deaths) in male patients. Seven
of the ten surgically treated patients died, and 57 (31⋅0 per
cent) of the 184 patients managed conservatively. All three
patients who had burr-holes performed died.

Factors associated with mortality

The mortality rate varied depending on the GCS score
of the patient at presentation (adjusted OR 10⋅30, 95 per
cent c.i. 1⋅94 to 54⋅70; P = 0⋅012) (Table 2). The highest
mortality was in patients with severe TBI, contributing
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Table 3 Bivariable analysis of mortality factors

Crude odds ratio P

Admission delay (h)

≤1 1⋅00 (reference)

>1 0⋅54 (0⋅06, 3⋅95) 0⋅491

Convulsion

No 1⋅00 (reference)

Yes 1⋅74 (0⋅81, 3⋅78) 0⋅163

Heart rate*

Normal 1⋅00 (reference)

Abnormal 3⋅91 (1⋅99, 7⋅62) <0⋅001

Intoxicated†
No 1⋅00 (reference)

Yes 0⋅79 (0⋅29, 2⋅15) 0⋅654

Intubated

No 1⋅00 (reference)

Yes 11⋅85 (2⋅51, 55⋅90) 0⋅022

Loss of consciousness

No 1⋅00 (reference)

Yes 4⋅45 (1⋅78, 11⋅16) 0⋅011

Mean arterial pressure‡
Normal 1⋅00 (reference)

Abnormal 3⋅89 (1⋅38, 11⋅10) 0⋅011

Oxygen saturation§
Non-hypoxic 1⋅00 (reference)

Hypoxic 5⋅38 (1⋅92, 15⋅31) 0⋅012

Referral

No 1⋅00 (reference)

Yes 6⋅98 (3⋅48, 3⋅99) <0⋅001

Respiratory rate¶
Normal 1⋅00 (reference)

Abnormal 6⋅47 (2⋅74, 15⋅31) <0⋅001

Severity of head injury

Non-severe 1⋅00 (reference)

Severe 21⋅23 (9⋅73, 47⋅07) <0⋅001

Pupil size

Non-dilated 1⋅00 (reference)

Dilated 9⋅68 (4⋅81, 19⋅65) <0⋅001

Pupil reactivity

Reactive 1⋅00 (reference)

Non-reactive 51⋅91 (17⋅19, 160⋅39) <0⋅001

Treatment

Conservative 1⋅00 (reference)

Surgical 6⋅05 (1⋅55, 23⋅65) 0⋅012

Values in parentheses are 95 per cent confidence intervals. *Normal
range 60–100 beats/min; †involved alcohol exclusively; ‡normal range
70–100 mmHg; §normal range 95–100 per cent; ¶normal rate 12–20
breaths/min.

72 per cent of the deaths (46 of 64), with mild TBI con-
tributing least (1 of 64, 2 per cent).

Only eight patients (4⋅1 per cent) were aged 65 years or
above; three of these sustained severe TBI. Mortality was

not found to be related to advanced age (adjusted OR 2⋅10,
95 per cent c.i. 0⋅51 to 8⋅68; P= 0⋅306).

Abnormal pupillary reactivity was a mortality factor
(adjusted OR 65⋅49, 95 per cent c.i. 2⋅67 to 1606⋅59;
P= 0⋅011) (Table 2), and abnormal pupillary size was a
good individual predictor (crude OR 9⋅68, 4⋅81 to 19⋅65;
P < 0⋅001) (Table 3). However, abnormal pupillary size was
a confounder in the multivariable logistic model (adjusted
OR 0⋅34, 0⋅03 to 3⋅43; P= 0⋅353).

In this study, 12 (67%) of the 18 hypoxic patients died
and hypoxia at admission was found to be associated with
mortality (crude OR 5⋅38, 95 per cent c.i. 1⋅92 to 15⋅31;
P= 0⋅012) (Table 3). However, hypoxia was a confounding
factor in the multivariable logistic model (adjusted OR
0⋅13, 0⋅01 to 1⋅83; P= 0⋅133) (Table 2). Respiratory distress
was associated with mortality (adjusted OR 11⋅53, 1⋅07 to
123⋅10; P= 0⋅040). Hypotension contributed to mortality
in only four (6 percent) of the 64 patients who died and was
not a significant factor affecting mortality (crude OR 4⋅13,
0⋅71 to 23⋅02; P= 0⋅124).

Eighty-eight patients were transferred from other hospi-
tals or health centres. The largest single origin of trans-
fer (20 patients, 23 per cent) was from Gulu Regional
Referral Hospital, just over 3 miles away. However, all
other transfers were from facilities considerably more dis-
tant, most from around 25 miles, but also including nine
patients (10 per cent of the 88 transferred) from Kiryan-
dongo Hospital, 63 miles away. Fifty patients referred from
other facilities died (78 per cent of the 64 who died), and
referral was a strong predictor of mortality (adjusted OR
8⋅56, 95 per cent c.i. 1⋅99 to 36⋅82; P= 0⋅001) (Table 2).
This could be because the 94 patients with TBI (48⋅5 per
cent) who were referred from another health facility had
already suffered secondary brain damage before access-
ing care. An additional aspect was the delay inevitably
involved in referral and transfer (median delay 5 (i.q.r.
1–168) h).

Significant factors emerging from the bivariable logistic
analysis (Table 3) were tested for significance in the mul-
tivariable model (Table 2). Mean arterial pressure, referral
status, respiratory distress, severe head injury and pupil-
lary reactivity were significant for in-hospital mortality,
whereas abnormal heart rate, intubation, loss of conscious-
ness, oxygen saturation and surgical treatment were con-
founders.

Discussion

Motor vehicle crashes and falls have been documented as
the leading causes of closed brain injury, with gunshot
wounds the leading cause of penetrating brain injury11.
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In the present study, the majority of TBI were caused by
motor vehicle crashes, with nearly 60 per cent involving
motorcycles. This result reflects the lower social economy
of the environment of individuals in this study, as the
majority use a motorcycle as a means of mobility.

In a study8 of all neurosurgical conditions conducted in
southern Uganda, it was found that 76⋅1 per cent of TBI
was in younger individuals aged 19–40 years, mainly men.
The findings of the present study were similar, with 79⋅9
per cent of TBI occurring in people under 40 years of age,
predominantly males. This finding could be due to the fact
that most males in this region are unemployed; they ride
motorcycles (boda-bodas) to earn a living.

The overall mortality rate following TBI in this study
was 33⋅0 per cent, in contrast to the overall mortality
rate of 9⋅6 per cent found in Mulago National Referral
Hospital, Kampala9. The results should be compared with
some caution, however, as the Mulago study included only
those patients referred to the neurosurgical department,
whereas the present study included all patients admitted to
the hospital with TBI. Nonetheless, the mortality is clearly
high in the setting of this study, possibly explained by the
absence of diagnostic capabilities for intracranial injury,
the absence of specialist neurosurgical teams, and the long
distance to the nearest neurosurgical centre.

Factors associated with mortality after TBI were
explored. The higher mortality rate with more severe
head injuries is as expected. More severe damage to the
brain at impact plainly contributes, but other likely factors
include delayed admission to hospital and lack of investiga-
tive modalities. This finding is consistent with results of a
meta-analysis highlighting the GCS score as a predictor of
mortality in patients with TBI7,12. Notably, the rates in the
present study are higher than those from Mulago National
Referral Hospital9, which has CT facilities; for those with
severe head injury the Mulago mortality rate was 55 per
cent, compared with 77 per cent (46 of 60) in the present
study.

The lack of effect of age on mortality contrasted with
a study12 that found increased patient age was associated
with an increase in mortality and morbidity based on the
Glasgow Outcome Scale. This discrepancy may be due to
the limited number of elderly patients in the present study,
reducing their influence on overall mortality. The findings
of pupillary reactivity as an associated mortality factor
are concordant with a study from a university hospital in
Turkey13.

The findings in the present study regarding hypoxia,
respiratory distress and hypotension contrast with other
work14 showing that hypoxia and hypotension, either
before or on admission, were strongly associated with

outcome and could be used to predict outcomes (mortality
and morbidity) of head injury. This difference could be
due to the limited number of deaths to which hypotension
and hypoxia contributed in the present study.

Other studies have confirmed that the extent of brain
injury, assessed by CT, has a positive correlation with
mortality15. CT provides an objective and invaluable evalu-
ation of structural brain damage following head injury. The
relative scarcity of CT in most resource-limited settings has
had a negative impact on the outcome of patients sustain-
ing TBI16. The centre involved in the present study has
no CT scanner, and so the extent of the structural brain
damage was not known for any patient with TBI. This may
have had a large influence on the decision regarding timely
intervention, and hence on mortality.

As a consequence of this study, and specifically the fact
that all three patients who had a burr-hole died, a local
moratorium on conducting burr-holes has been instigated,
at least until details for these patients have been examined
comprehensively and clear local guidelines established.

This study has a number of limitations, including that it
is retrospective and uncontrolled. Biases could also have
been caused by more wealthy victims of crashes being
taken by carers to private facilities in the capital, Kam-
pala. Additionally, victims who died at the crash site may
not have been brought to the hospital and so would not
have been included. Within the hospital, some items of data
were not collected during the patient journey and, as for
all retrospective studies, there is a dependency on accu-
rate record-keeping. The retrospective nature also allows
little or no control over co-variables and potential con-
founders. The presence of a relatively close government
hospital (Gulu Regional Referral Hospital) may also have
introduced bias, although it is believed that patients would
be brought to Lacor largely on proximity criteria. There
are, however, very few other studies of outcomes from
TBI in rural low-income countries. Studies such as this
provide a supporting argument for a CT scanner locally,
to aid decision-making for prompt surgical intervention
and patient transfer, as TBI in rural resource-poor set-
tings currently remains a major challenge, with poor out-
comes.
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