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ABSTRACT

Background: Traumatic brain injury (TBI) is a
major cause of mortality and long-term disability
and economic loss to society. Studies on TBI are
scarce and mostly originate from high-income
countries. Low- and middle-income countries
(LMICs) experience the majority TBIs, yet few
studies have examined the patterns of TBls, and the
factors associated with mortality. In Zambia, the
burden of TBIs is high while the mortality trends
remain poorly documented. This study aimed to
assess the determinants of in hospital mortality
among patients presenting with TBIs at the
University Teaching Hospital Lusaka, Zambia.

Methodology: This was a prospective cross-
sectional study conducted among 143 TBI patients
seen at the University Teaching Hospital (UTH)
from September 1st to December 31st, 2023. All
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TBI patients, regardless of severity, were included.
Descriptive statistics were used to present
demographic and clinical characteristics. Chi-
square tests assessed associations between
categorical variables, and binary logistic regression
was performed to calculate the odds of mortality
associated with each predictor variable. Model
selection was done using an investigator led
stepwise approach. Statistically significant factors
influencing mortality were identified, with a p-value
<0.05 considered significant.

Results: The study enrolled 143 TBI cases, with 13
resulting in death, giving a mortality rate of 10%.
The average age of deceased patients was 39 years
(SD 19), while that of the discharged patients was 32
years (SD 14). Binary logistic regression showed
that a low Glasgow Coma Scale (GCS) score was
associated with mortality, with each unit increase in
GCS reducing the odds of death by 0.761 (95% CI:
0.578, 1.00, p=0.05). The median GCS score on
admission for deceased patients was 7/15, compared
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to 14/15 for discharged patients. Subarachnoid
haemorrhage was significantly associated with
mortality (p=0.008). Additionally, a history of
seizures after injury increased the likelihood of
death by 9.324 times (95% ClI: 1.12, 7.95, p=0.039),
and mechanical ventilation was associated with
20.63 times higher odds of mortality (95% ClI: 1.93,
220,p=0.012).

Conclusion: This study highlights that Traumatic
Brain Injury (TBI) is a significant public health
problem in Zambia, particularly among young
males, with road traffic accidents (RTAs) and
assaults being the leading mechanisms of injury.
The absence of paramedic services and delays in
reaching healthcare facilities with neurosurgical
expertise exacerbate the problem. Key factors
associated with higher mortality include the need
for mechanical ventilation, post-traumatic seizures,
and low Glasgow Coma Scale (GCS) scores. Early
intervention, enhanced monitoring, and improving
the capacity for timely mechanical ventilation are
critical to reducing mortality and improving
outcomes for TBI patients.

INTRODUCTION

Traumatic brain injury (TBI) is an important public
health concern affecting millions of people all over
the world.! It is one of the leading causes of
morbidity and mortality, as well as a major
contributor to long-term disability and societal
economic loss.”® Globally, TBIs are estimated to
affect 69 million people® and cause more than 4.7
million deaths annually.’ This is a global problem
imposing a significant socioeconomic burden on
patients, families, and society.” Low and middle-
income countries (LMICs) have three times more
TBI cases than high-income countries (HICs).’ The
increasing problem of TBI in LMICs can be
attributed to urbanization, a growing middle class,
the affordability of cars and motorcycles, and a
growing population without mature healthcare
systems to handle increasing incidences of trauma
and injury.’ Data indicate that TBI incidence will
continue to rise significantly over the next ten years,
with Sub-Saharan Africa (SSA) having a much

higher incidence than other regions.’ TBI in SSA has
been poorly studied when in fact it is believed that
the incidence and mortality of TBI are higher in
LMICsthanin HICs.*® The mortality rate associated
with TBIs are three to four times higher in LMICs
compared to HICs.”

Previous studies in SSA have highlighted unique
challenges, including limited access to quality
healthcare, inadequate pre-hospital care, and
delayed presentations to tertiary centres, all of which
contribute to increased mortality rates."** Zambia,
like other low-income countries has not been spared
from the growing burden of TBI and its
consequences. In 2016, the incidence of TBI in
Zambia was estimated to be 55 681 per year, that is,
381 per 100 000 population.” However, few local
studies have evaluated and determined independent
predictors of hospital mortality among patients with
TBlinthe country.***

To better understand predictors of TBI mortality, a
study was conducted at the UTH with a goal of
identifying important sociodemographic, clinical,
hospital, and pre-hospital factors associated with
mortality in this patient population.

METHODOLOGY
Study Design

This study was a prospective analytical cross-
sectional study conducted at the University
Teaching Hospital (UTH) in Lusaka, Zambia. A
cross-sectional design was deemed more
appropriate for this study, given its ability to provide
a snapshot of factors associated with mortality
within a defined timeframe. This approach was
resource-efficient, and avoided the challenges
associated with longer follow-up times.

Sampling and Recruitment of Participants

The sample size was calculated using the Wald test,
based on a mortality rate of 25% for moderate TBI
from a similar study.” Assuming a 13% mortality
rate under the null hypothesis, the required sample
size for 90% power was calculated using Stata's
"power one proportion" command, Yyielding a
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sample size of 137. A total of 143 patients were
enrolled, accounting for missing data and errors.
Patients without consent or missing clinical records
were excluded.

Total enumeration sampling was employed due to
the study's short time frame and the desire to include
all patients presenting with TBI during the study
period. This approach minimizes selection bias, but
we acknowledge its limitations in generalizability.
The study duration was kept short due to logistical
constraints.

Data Collection

Data was extracted from patient records, including
sociodemographic information (age, gender),
clinical characteristics (Glasgow Coma Scale score,
TBI severity), and outcomes (mortality, length of
hospital stay). To ensure accuracy, data entry was
double-checked by a second researcher, and any
discrepancies were resolved through consultation
with the primary researcher. The data collection tool
was based on validated instruments from previous
studies and was refined to fit the study objectives.
Multiple data collectors were involved, with
standardized training and regular meetings to ensure
consistency in data recording.

Sources of bias

Potential biases in this study include selection bias
due to the single-centre design and information bias,
due to reliance on clinical records. Efforts were
made to minimize these biases by ensuring clear data
entry protocols and using reliable hospital records.
While inter-rater reliability was not formally tested,
all data collectors underwent uniform training to
maintain consistency. The single-centre design
limits external validity, but the findings are still
relevant to similar settings in Zambia and other low-
resource countries.

DataAnalysis
Descriptive Statistics

Descriptive statistics were used to summarize the
data. Categorical variables (such as gender, TBI
severity) were presented as frequencies and

percentages, while continuous variables (such as
age and length of stay) were summarized using
means and standard deviations for normally
distributed data, or medians and interquartile ranges
for non-normally distributed data. The distribution
of variables was visually represented using bar
graphsand histograms.

Analytical Statistics

Associations between categorical variables (e.g.,
TBI severity and mortality) were tested using the
chi-square test. For continuous variables (e.g., age
and length of stay), comparisons between groups
were made using the t-test for normally distributed
data and the Mann-Whitney U test for non-normally
distributed data.

Variable Selection and Regression Analysis

To identify independent predictors of mortality,
binary logistic regression analysis was performed.
Variables that were significant at a p-value of <0.05
in univariate analysis were included in the
multivariate model to adjust for potential
confounders. Confounders, such as age and injury
severity, were carefully considered and adjusted for
in the model. A 95% confidence level was used for
all tests, and odds ratios with corresponding
confidence intervals were reported for significant
predictors of mortality.

ETHICALCONSIDERATIONS

The study protocol was approved by the University
of Zambia Biomedical Research Ethics Committee
(UNZA-BREC) (Reference Number 3640-2023)
and cleared by the National Health Research
Authority (NHRA) (Reference Number NHRA
00001/12/04/2023). Permission to conduct the
study at UTH was granted by the institution's
administration. All ethical requirements were
followed/ observed during the conduct of the study.

RESULTS

A total of 143 participants were enrolled, with a
mean age of 34 years (SD +16). The mean age of
those who died was 39 years (SD +19), compared to
32 years (SD %14) for survivors (p = 0.306). Males
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represented 90% of the sample, with a higher
likelihood of sustaining TBI than females (2.94
times more likely, 95% CI: 0.704-12.33, p = 0.146).
The primary causes of injury were road traffic
accidents (RTAs) (60%), followed by assaults
(22%), with no significant correlation between the
mechanism of injury and mortality.

Table 1: Baseline characteristics and vital
observationsonarrivalat UTH

Outcome p-value
Characteristic

Discharged | Died

N=119(90%) | N=13 (10%0)
Age: mean (SD) 32 (14) 39(19) 0.306
Sex 0.146
Male 107(91%) 10(77%)
Female 11(9%) 3(23%)
Missing (n=1)
Glasgow Comma Scale: | 14/15 7115 0.042
Median
Systolic BP: Mean (SD) | 128 (20) 140 (26) 0.042
Diastolic: Mean (SD) 83(13) 88(17) 0.372
Oxygen Saturation 95(6) 96(4) 0.631
HR (beats per minute) 92(48) 100(17) 0.585
Pupillary examination 0.001
Normal 94(83%) 4(31%)
Abnormal 20(17%) 9(69%)
Missing (n=7)
Focal neurologic deficits 0.515
Present 30(29%) 2(18%)
Absent 74(71%) 9(82%)
Missing (n=19)
Skull base fracture 0.216
features 25(23%) 1(8%)
Present 83(77%) 11(97%)
Absent
Missing (n=13)
Associated injuries 0.388
Present 46(40%) 7(54%)
Absent 67(60%) 6(46%)
Missing (n=6)
Mechanical ventilation 0.001
Yes 19 (18%) 12(92%)
No 88(82%) 1(8%)
Missing (n=13)
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History of seizures 0.017
Yes 12(11%) 5(38.5%)

No 100(89%) 8(61.5%)

Missing (n=9)

Type of injury sustained 0.008
Skull fracture 16(15%) 0(0.0%)

Cerebral oedema 22(21%) 1(8%)

Epidural haematoma 3(3%) 0(0.0%)

Subdural haematoma 14(13%) 2(17%)
Subarachnoid 10(10%) 5(42%)

haemorrhage 17(1.0%) 3(0.0%)

Contusion 0(0.0%) 1(8%)

Intracerebral haematoma

Non-operative 78(92.5%) 9(7.5%) 0.611
intervention

Operative intervention 0.293
Wound debridement 3(8%) 0(0.0%)

Hematoma evacuation 16(45%) 3(100.0%)

Fracture elevation 17(47%) 0(0.0%)

Total 37(100%) 3(100%)

Regarding RTAs, pedestrians were the most
affected, though the type of RTA victim did not
significantly affect mortality.

Most patients 115(82%) were referrals, with
123(89%) using private vehicles for initial transport
to healthcare facilities. Most patients (90%) had loss
of consciousness for more than 30 minutes. The
interval from injury to hospital presentation ranged
from 0-6 hours in 45(35%) of cases, 14 (11%) within
24 hours to 3 days, another 14 (11%) within 3-7 days,
and 12 (9%) after more than one week but there was
no significant relationship between time to
presentation and mortality. Suspected alcohol
intoxication was reported in 31 cases (23%), but
there was no significant association between alcohol
use and mortality.

A total of 127 patients (90%) experienced loss of
consciousness lasting longer than 30 minutes, while
seizures were reported in 19 cases (14%). There was
a statistically significant association between the
history of seizures at presentation and mortality.
Patients who died had a higher likelihood of
experiencing post-trauma seizures.
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Figure 2: Box plot showing GCS score in discharged and mortality groups.

Out of 143 participants, 27 (19%) had severe TBI
(GCS < 8), 48 (34%) moderate TBI (GCS 9-12), and
61 (43%) mild TBI (GCS = 14). The mortality rate
was 75% among severe TBI patients (n=9). The
median GCS at presentation was 13 (IQR 10-15),
with deceased patients having a lower median GCS
(7vs.14,p<0.001).

The mean systolic blood pressure at admission was
129 mmHg (SD 20), with deceased patients having
higher systolic BP (140 mmHg, SD 26). A
significant association between systolic BP and
mortality was observed, with those who died having
a higher mean systolic BP (140 mmHg, SD 26
mmHg) compared to those discharged (128 mmHg,
SD 20 mmHg). Abnormal pupillary findings were
significantly associated with mortality (OR 10, 95%
Cl: 3-37, p < 0.001). In contrast, focal neurologic
deficits and skull base fracture features did not show
any significant relationship with mortality.

Subarachnoid haemorrhage was also significantly
associated with mortality (p =0.008).

Of the 36(27%) patients who underwent surgery, 3
died post-operatively. Mechanical ventilation was
required for 33 (25%, n=33) patients, and among
these, 12 (36%, n=12) died during admission,
showing a statistically significant association
between the need for mechanical ventilation and
mortality (p=0.001).

Overall, 13 patients (10%) died, with most fatalities
occurring in the ICU (70%, n=9). The mortality rate
was 10%, and 119 (90%) were discharged.
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Regression Analysis

Table 2 : Multivariable logistic regression analysis of factors associated with mortality in TBI patients

presentingat UTH
Independent variables | Univariate logistic regression Multivariate logistic regression
c.OR |95% CI p - a.OR |95% CI p - value
value
Age 1.028 |(0.99, 1.07) 0.165
Sex 0.143 | (0.08, 1.43) 0.343
Male
Female
Glasgow Comma Scale | 0.639 | (0.51, 0.80) 0.0001 |0.761 |(0.578 1.00) 0.052
Systolic BP: Mean (SD) |1.03 | (1.00, 1.06) 0.048
Pupillary examination 0.095 |(0.026 0.34) |0.0001
Normal (1)
Abnormal
Mechanical ventilation | 56 (6.81, 454) 0.0001 |20.63 |(1.93220) 0.012
Yes 2
No
History of seizures 5.20 (1.47, 18.50) 0.011 9.324 | (1.12,7.95) 0.039
Yes
No

Univariate analysis was performed to identify
factors associated with mortality. Age (crude OR
1.028, 95% CI 0.99-1.07, p=0.165) and sex (crude
OR 0.143, 95% CI 0.08-1.43, p=0.343) were not
significantly associated with mortality. However,
the Glasgow Coma Scale (GCS) score (crude OR
0.639, 95% CI 0.51-0.80, p=0.0001) was
significantly associated with mortality, where each

one-unit increase in GCS score reduced the odds of
death by 36%. Similarly, systolic BP showed a
significant result in the univariate analysis (crude
OR 1.03, 95% CI 1.00-1.06, p=0.048), indicating
that each one-unit increase in systolic BP was
associated with a 3% increase in the odds of
mortality. Mechanical ventilation (crude OR 56.48,
95% CI 6.81-454, p=0.0001) was associated with a
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dramatically higher odds of death, and a history of
seizures following TBI (crude OR 5.01, 95% CI
1.47-18.50, p=0.011) was associated with five times
higher odds of mortality.

Significant variables from the univariate analysis
were included in a multivariate logistic regression
model. In the stepwise forward binary logistic
regression, the following variables remained
significant:

GCS Score: Each one-unit increase in GCS score
was associated with a reduced risk of death (adjusted
OR 0.761, 95% CIl 0.578-1.00, p=0.052). This
suggests that patients with higher GCS scores had
better survival outcomes.

Mechanical Ventilation: Patients who required
mechanical ventilation had significantly higher
odds of death (adjusted OR 20.632, 95% CI 1.93-
220, p=0.012), highlighting that the need for
ventilation was a critical predictor of mortality.

History of Seizures: A history of post-traumatic
seizures increased the odds of mortality (adjusted
OR 9.324, 95% CI 1.12-7.95, p=0.039), indicating
that seizures were a strong predictor of poor
outcomes.

The model's Nagelkerke R Square was 0.545,
indicating that these three factors (GCS score,
mechanical ventilation, and history of seizures)
explained 54.5% of the variability in mortality. This
underscores the importance of neurological status
and the need for mechanical support as critical
determinants of survival in patients with TBI.

DISCUSSION

This study aimed to determine factors associated
with hospital mortality among patients with TBI at
the UTH in Lusaka, Zambia. Important
determinants of mortality identified included TBI
severity, need for mechanical ventilation, presence
of subarachnoid haemorrhage and post-traumatic
seizures.

Socio-demographic factors associated with
hospital mortality in patients presenting with
TBlatthe UTH

The study found that 127(90%) of TBI patients were
male, with over half 80(56%) aged 21-40,
representing the economically active age group.
This is similar to previous studies in Uganda®,
Seychelles”, Rwanda®, and South Africa®, which
found that most TBIs occurred in young patients
aged 19-40. Younger populations, being more
active, are more likely to be involved in risky events
or activities. Studies in high-income countries,
however, report older populations sustaining TBI
with a median age of 53 in one study®, reflecting the
demographics of aging adults in these countries.
Morbidity and mortality due to TBI in the young
have severe consequences on a nation's socio-
economic status and future prosperity.™

The study found that males are 8 times more likely to
present with TBI compared to females, but no
significant differences in mortality trends across
gender were found. Previous studies have found that
male gender is associated with higher mortality risk
in patients with TBI.” However, other studies show
that women generally have an advantage in survival
following TBI®, but this may not be equally
reproducible in premenopausal women.”* The
pathophysiology of TBI and sex differences are still
poorly understood. Multiple factors, including
injury severity, sample size, and other confounding
factors, may interact differently with sex to affect
TBI outcomes

The estimated hospital mortality rate associated
withTBlatthe UTH

The study found a 10% TBI case fatality rate, lower
than the 25.6% reported in 2015 at UTH." This may
be due to improvements in care quality over the past
8 years, such as a dedicated emergency physician
unit, increased ICU capacity, and more
neurosurgeons. The findings were similar to those in
Ethiopia 12.7%”, Nigeria (10.1%)”, and Uganda
12.1%.” However, higher mortality rates have been
reported in Ethiopia 30.45%”, and China 26.4%”,
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with other countries like Nigeria 5%, and Saudi
Arabia, 4.7%", reporting lower mortality rates.
Variations in mortality rates may be due to
differences in hospital standards, severity of
traumatic brain injuries, and access to resources like
imaging and diagnostic tests.

Mechanisms of injury associated with hospital
mortality in patients presenting with TBI at the
UTH

This study found that road traffic accidents (86%),
assault (22%), and falls (19%) are the leading causes
of traffic-related injuries (TBIs). We observed that
the majority (48%) of RTA victims who sustained
TBI were pedestrians This pattern is also observed in
low-income countries (LMICs) and Sub-Saharan
Africa, such as Nigeria, Ethiopia, and Uganda.”*®
Rapid urbanization in these countries has led to
increased motorization and expanded road
networks, often outpacing the development of road
safety measures and infrastructure.* Enforcement of
road safety regulations remains a challenge in
LMICs, with low adherence to seatbelt, helmet, and
child restraint systems and high prevalence of
driving under the influence of alcohol. Poor road
infrastructure, such as lack of signage and pedestrian
crossings, further exposes pedestrians to risk.
Higher-income countries like Norway and New
Zealand have reported lower pedestrian TBIs and
this may be attributed to their more developed road
infrastructure and effective enforcement of road
safety regulations.”

The study reveals that motorcycles account for 23%
of road traffic accidents in Zambia, a stark contrast to
studies in East Africa® and Rwanda™®, where nearly
60% of RTAs resulting in traumatic brain injuries
involve motorcycles.” This may be due to the higher
prevalence of motorcycle use in these regions.
However, the use of motorcycles in Lusaka, Zambia
is increasing due to the rise of motorbike courier
businesses. The Road Transport and Safety Agency
(RTSA) reported that motorcycles accounted for 2%
of all road traffic accidents in 2018, and by 2021, it
had doubled to 5%.” The low usage of helmets in
Zambia®, and the increased risk of death for

pedestrians and motorcyclists with TBIls are
concerning public health issues.

Severe traumatic brain injury as a determinant
of mortality

Patients presenting with a lower Glasgow Coma
Scale (GCS) score were at a higher risk of death in
this study. This finding aligns with multiple studies
that have reported a strong association between low
GCS scores and poor outcomes in TBI patients.™*
Severe brain injuries are often accompanied by
impaired cerebral autoregulation, increased
intracranial pressure, and brainstem dysfunction, all
of which contribute to early mortality.” In Zambia,
where access to advanced neuroimaging and
intensive care resources is limited, the prognosis for
patients with severe TBI remains poor despite recent
improvements in emergency care. Early
identification and aggressive management of these
cases, such as timely intubation and intracranial
pressure monitoring, are crucial to improving
outcomes.

Mechanical ventilation as a determinant of
mortality

Patients requiring mechanical ventilation had
significantly higher mortality rates than those who
did not require ventilatory support, consistent with
findings from studies in Nigeria and the USA.**
The need for ventilation typically reflects the
increased severity of brain injury, including
respiratory failure due to damage to the brainstem
centres regulating breathing. In LMICs like Zambia,
mechanical ventilation is not only a marker of
severe injury but also a potential contributor to
poorer outcomes due to the limited availability of
critical care resources. Allocating more resources
(such as staffing, equipment and consumables)
towards critical care, as well as optimizing
mechanical ventilation protocols may help in
reducing mortality among TBI patients.

Subarachnoid haemorrhage as a determinant of
mortality

The presence of subarachnoid haemorrhage (SAH)
was also significantly associated with mortality.
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This finding is supported by other studies that have
demonstrated a higher risk of death in TBI patients
with SAH and have ascribed this to the increased
likelihood of secondary brain injury related to
vasospasms, re-bleeding, and hydrocephalus.”* In
our study, these patients often presented with more
severe neurological impairment and required urgent
neurosurgical intervention. Timely surgical
management and intensive monitoring for
complications are essential for improving survival
in these high-risk patients.” The high mortality rate
among traumatic SAH patients underscores the
need for better diagnostic capabilities and more
effective neurocritical care management in
resource-limited settings like UTH.®

Post-traumatic seizures as a determinant of
mortality.

The study found that TBI patients had a higher
mortality risk when they experienced post-
traumatic seizures. Post traumatic seizures have
been associated with greater morbidity and
mortality in several studies.”*" Studies evaluating
risk factors for the development of post traumatic
seizures are relatively few. These seizures are
categorized by their onset: immediate seizures
occur within the first 24 hours, early seizures
develop between 24 hours and one week, and late
seizures arise after one week of the injury.” Key risk
factors for post-traumatic seizures include the
increased TBI severity®, subdural hemorrhage® and
brain contusion.” The underlying pathophysiology
is complex, involving mechanisms such as direct
neuronal damage, excitotoxicity,
neuroinflammation, structural changes, blood-brain
barrier dysfunction, and secondary brain insults.”
In hospital settings, the early detection and
management of post-traumatic seizures could be
critical in reducing mortality, particularly in patients
with severe TBIs, where seizures are more likely to
occur.

CONCLUSIONAND RECOMMENDATIONS

The study found a decrease in Traumatic Brain
Injury (TBI) mortality rates at UTH, likely due to

better access to imaging and timely neurosurgical
interventions. However, severe TBI, subarachnoid
haemorrhage, mechanical ventilation, and post-
traumatic seizures remain significant risk factors for
mortality. TBI is most prevalent among young and
middle-aged males, particularly from pedestrian
accidents. The study emphasizes the need for
improved pre-hospital care and emergency services
in Zambia.

The recommendations include introducing a
standard TBI clerk sheet, enhancing trauma care
protocols and better-equipped emergency medical
services. Public adherence to traffic regulations,
especially on weekends, is vital to prevent TBIs.
Future research should focus on multi-centre studies
with larger sample sizes and allocate more resources
to TBI research in Zambia.

STUDY STRENGTHSAND LIMITATIONS

This study investigates the factors affecting
mortality in patients with Traumatic Brain Injury
(TBI) in Zambia, a low- and middle-income country.
The research was conducted at a major referral
hospital, allowing for a wide range of TBI severity to
be captured. The study used binary logistic
regression to identify independent predictors of
mortality, controlling for potential confounders like
age, injury severity, and time to intervention.
However, the study had limitations, including a
small sample size of 143 patients, which may limit
the statistical power and precision of the estimates.
The study was conducted at a single public hospital,
which may introduce selection bias and limit the
generalizability of the findings to patients with TBI
in other settings. Additionally, convenient sampling
during a specific period may impact the
generalizability of the results. The study relied on
existing medical records, which may vary in quality
and completeness.

ACKNOWLEDGMENTS
Conflict of interests

The authors declare no conflict of interest. They have
no personal, financial, or institutional interest in any

557



Medical Journal of Zambia, Vol. 52 (4): 549 - 561 (2025)

of the materials or surgical procedures described in
thisarticle.

Dataavailability

Further data is available from the corresponding
author on reasonable request.

Funding

Research reported in this manuscript was supported
by the National Institutes of Health, USA under the
award D43TW012206. The content is solely the
responsibility of the authors and does not
necessarily represent the official views of the
National Institutes of Health.

REFERENCES

1. Maas Al, Menon DK, Adelson PD, Andelic N,
Bell MJ, Belli A, et al. Traumatic brain injury:
integrated approaches to improve prevention,
clinical care, and research. The Lancet
Neurology. 2017;16(12):987-1048.

2. Roozenbeek B, Maas Al, Menon DK.
Changing patterns in the epidemiology of
traumatic brain injury. Nat Rev Neurol.
2013;9(4):231-6.

3. Dewan MC, Rattani A, Gupta S, Baticulon RE,
Hung YC, Punchak M, et al. Estimating the
global incidence of traumatic brain injury. J
Neurosurg. 2018;130(4):1080-97.

4. Guan B, Anderson DB, Chen L, Feng S, Zhou
H. Global, regional and national burden of
traumatic brain injury and spinal cord injury,
1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. BMJ
Open. 2023;13(10):e075049.

5. Humphreys I, Wood RL, Phillips CJ, Macey S.
The costs of traumatic brain injury: a literature
review. Clinicoecon Outcomes Res.
2013;5:281-7.

6. laccarino C, Gerosa A, Viaroli E.
Epidemiology of traumatic brain Injury.
Traumatic Brain Injury: Science, Practice,
Evidence and Ethics. 2021:3-11.

7. James SL, Theadom A, Ellenbogen RG,
Bannick MS, Montjoy-Venning W, Lucchesi

10.

11.

12.

13.

14.

LR, etal. Global, regional, and national burden
of traumatic brain injury and spinal cord injury,
1990-2016: a systematic analysis for the
Global Burden of Disease Study 2016. The
Lancet Neurology. 2019;18(1):56-87.

Rubiano AM, Carney N, Chesnut R, Puyana
JC. Global neurotrauma research challenges
and opportunities. Nature.
2015;527(7578):5193-7.

Hendrickson P, Pridgeon J, Temkin NR,
Videtta W, Petroni G, Lujan S, et al.
Development of a Severe Traumatic Brain
Injury Consensus-Based Treatment Protocol
Conference in Latin America. World
Neurosurg. 2018;110:e952-e7.

Naik A, Bederson MM, Detchou D,
Dharnipragada R, Hassaneen W, Arnold PM, et
al. Traumatic brain injury mortality and
correlates in low-and middle-income
countries: a meta-epidemiological study.
Neurosurgery. 2022:10.1227.

Hunt M, Niyonsaba M, Uwitonze JM,
Nyinawankusi JD, Davies J, Maine R, et al.
Challenges Locating the Scene of Emergency:
A Qualitative Study of the EMS System in
Rwanda. Prehosp Emerg Care.
2024;28(3):501-5.

Balikuddembe JK, Ardalan A, Khorasani-
Zavareh D, Nejati A, Raza O. Weaknesses and
capacities affecting the Prehospital emergency
care for victims of road traffic incidents in the
greater Kampala metropolitan area: a cross-
sectional study. BMC Emergency Medicine.
2017;17(1):29.

Global G. regional, and national burden of
traumatic brain injury and spinal cord injury,
1990-2016: a systematic analysis for the
Global Burden of Disease Study 2016. The
Lancet Neurology. 2019;18(1):56-87.

Mwala K, Munthali J, Chikoya L. Factors
associated with outcome in patients admitted
with traumatic brain injury at the university
teaching hospital, Lusaka, Zambia. Medical
Journal of Zambia. 2015;42(2):68-73.

558



Medical Journal of Zambia, Vol. 52 (4): 549 - 561 (2025)

15.

16.

17.

18.

19.

20.

21.

22.

23.

Chikoya LM. Intracranial findings in head
injury patients who died at the University
Teaching Hospital Lusaka, Zambia 2012,
Abdelgadir J, Smith ER, Punchak M, Vissoci
JR, Staton C, Muhindo A, et al. Epidemiology
and Characteristics of Neurosurgical
Conditions at Mbarara Regional Referral
Hospital. World Neurosurg. 2017;102:526-32.
Abio A, Bovet P, Valentin B, Barnighausen T,
Shaikh MA, Posti JP, et al. Changes in
mortality related to traumatic brain injuries in
the Seychelles from 1989 to 2018. Frontiers in
neurology. 2021;12:720434.

Rosenberg A, Mukeshimana L, Uwamahoro A,
Dworkin M, Nsengimana V, Kankindi E, et al.
The initial prehospital management of
traumatic brain injuries in Kigali, Rwanda.
Prehospital and disaster medicine.
2020;35(5):533-7.

Groshi A, Enicker B. Factors influencing the
outcomes of patients with severe traumatic
brain injury following road traffic crashes.
South African journal of surgery.
2022;60(4):273-7.

Weber C, Andreassen JS, Isles S, Thorsen K,
McBride P, Sgreide K, et al. Incidence,
mechanisms of injury and mortality of severe
traumatic brain injury: an observational
population-based cohort study from New
Zealand and Norway. World journal of surgery.
2022;46(12):2850-7.

Nguyen R, Fiest KM, McChesney J, Kwon C-
S, Jette N, Frolkis AD, et al. The international
incidence of traumatic brain injury: a
systematic review and meta-analysis.
Canadian journal of neurological sciences.
2016;43(6):774-85.

Gao G, Wu X, Feng J, Hui J, Mao Q, Lecky F, et
al. Clinical characteristics and outcomes in
patients with traumatic brain injury in China: a
prospective, multicentre, longitudinal,
observational study. The Lancet Neurology.
2020;19(8):670-7.

Ganesh S, Rajagopal R, Nair S, Joseph M.
Head Injury and Pregnancy—Does the

24.

25.

26.

27.

28.

29.

30.

Outcome Differ? A Descriptive Analysis of 15
Years from a Single Tertiary Care Center.
World Neurosurgery. 2022;167:e1163-€8.
Mair O, Greve F, Lefering R, Biberthaler P,
Hanschen M, DGU T. The outcome of severely
injured patients following traumatic brain
injury is affected by gender—A retrospective,
multicenter, matched-pair analysis utilizing
data of the TraumaRegister DGU®. Frontiers
in Neuroscience. 2022;16:974519.

Assele DD, Lendado TA, Awato MA, Workie
SB, Faltamo WF. Incidence and predictors of
mortality among patients with head injury
admitted to Hawassa University
Comprehensive Specialized Hospital,
Southern Ethiopia: A retrospective follow-up
study. PLoS one. 2021;16(8):0254245.
Petroze R, Byringiro J, Jayaraman S. A
Systematic Review of the Impact of Focused
Trauma Education in Low-resource. East and
Central African Journal of Surgery.
2014;19(3):3-11.

Ariaka H, Kiryabwire J, Hussein S, Ogwal A,
Nkonge E, Oyania F. A comparison of the
predictive value of the Glasgow Coma Scale
and the Kampala trauma score for mortality
and length of hospital stay in head injury
patients at a tertiary hospital in Uganda: a
diagnostic prospective study. Surgery
Research and Practice. 2020;2020.

Amare AT, Tesfaye TD, Ali AS, Woelile TA,
Birlie TA, Kebede WM, et al. Survival status
and predictors of mortality among traumatic
brain injury patients in an Ethiopian hospital: A
retrospective cohort study. African journal of
emergency medicine. 2021;11(4):396-403.

Liu C, Xie J, Xiao X, Li T, Li H, Bai X, et al.
Clinical predictors of prognosis in patients
with traumatic brain injury combined with
extracranial trauma. International Journal of
Medical Sciences. 2021;18(7):1639.

Adogu PO, Egenti NB, Ubajaka CF, Anakwue
JC, Ugezu Al. Epidemiological pattern and
outcome of head injuries during festive and

559



Medical Journal of Zambia, Vol. 52 (4): 549 - 561 (2025)

31.

32.

33.

34.

35.

36.

37.

38.

39.

non-festive periods in a tertiary hospital,
Nnewi, Nigeria. Int J Res Med Sci.
2015;3(10):1.

Alnaami |, Alshehri S, Alghamdi S, Ogran M,
Qasem A, Medawi A, et al. Patterns, types, and
outcomes of head injury in Aseer Region,
Kingdom of Saudi Arabia. Neuroscience
Journal. 2019;2019.

Hagos A, Tedla F, Tadele A, Zewdie A. Pattern
and outcome of traumatic brain injury, addis
ababa, ethiopia: a cross-sectional hospital-
based study. Ethiopian journal of health
sciences. 2022;32(2).

Zia N, Mehmood A, Namaganda RH,
Ssenyonjo H, Kobusingye O, Hyder AA.
Causes and outcomes of traumatic brain
injuries in Uganda: analysis from a pilot
hospital registry. Trauma surgery & acute care
open. 2019;4(1):e000259.

Eaton J, Hanif AB, Grudziak J, Charles A.
Epidemiology, management, and functional
outcomes of traumatic brain injury in Sub-
Saharan Africa. World neurosurgery.
2017;108:650-5.

Krebs E, Gerardo CJ, Park LP, Vissoci JRN,
Byiringiro JC, Byiringiro F, et al. Mortality-
associated characteristics of patients with
traumatic brain injury at the University
Teaching Hospital of Kigali, Rwanda. World
neurosurgery. 2017;102:571-82.

Okidi R, Ogwang D, Okello TR, Ezati D,
Kyegombe W, Nyeko D, et al. Factors
affecting mortality after traumatic brain injury
in a resource-poor setting. BJS open.
2020;4(2):320-5.

RTSA. 2021 Road Transport and Safety Status
Report. Lusaka; 2021 2021.

Kuo BJ, Vaca SD, Vissoci JRN, Staton CA, Xu
L, Muhumuza M, et al. A prospective
neurosurgical registry evaluating the clinical
care of traumatic brain injury patients
presenting to Mulago National Referral
Hospital in Uganda. PLoS One.
2017;12(10):e0182285.

Hukkelhoven CW, Steyerberg EW, Rampen

40.

41.

42.

43.

44,

45.

46.

AJ, Farace E, Habbema JDF, Marshall LF, etal.
Patient age and outcome following severe
traumatic brain injury: an analysis of 5600
patients. Journal of neurosurgery.
2003;99(4):666-73.

Wafie G, Nasution AH, Lubis B. Correlation
between Glasgow Coma Scale with central
venous pressure and near-infrared
spectroscopy in patients with acquired brain
injury in the intensive care unit of Adam Malik
Hospital Medan. Emergency and Critical Care
Medicine. 2023;3(1):12-7.

Tobi KU, Azeez A, Agbedia S. Outcome of
traumatic brain injury in the intensive care unit:
a five-year review. Southern African Journal of
Anaesthesiaand Analgesia. 2016;22(5):135-9.
Areas FZ, Schwarzbold ML, Diaz AP,
Rodrigues IK, Sousa DS, Ferreira CL, et al.
Predictors of Hospital Mortality and the
Related Burden of Disease in Severe
Traumatic Brain Injury: A Prospective
Multicentric Study in Brazil. Frontiers in
Neurology. 2019;10.

Hawley C, Sakr M, Scapinello S, Salvo J,
Wrenn P. Traumatic brain injuries in older
adults—6 years of data for one UK trauma
centre: retrospective analysis of prospectively
collected data. Emergency medicine journal.
2017;34(8):509-16.

Hare S, Hayden P. Role of critical care in
improving outcomes for high-risk surgical
patients. British Journal of Surgery.
2020;107(2):e15-€6.

Sanicola HW, Stewart CE, Luther P, Yabut K,
Guthikonda B, Jordan JD, et al.
Pathophysiology, Management, and
Therapeutics in Subarachnoid Hemorrhage
and Delayed Cerebral Ischemia: An Overview.
Pathophysiology. 2023;30(3):420-42.

Majidi S, Makke Y, Ewida A, Sianati B,
Qureshi Al, Koubeissi MZ. Prevalence and
risk factors for early seizure in patients with
traumatic brain injury: analysis from National
Trauma Data Bank. Neurocritical Care.
2017;27:90-5.

560



Medical Journal of Zambia, Vol. 52 (4): 549 - 561 (2025)

47. Wiedemayer H, Triesch K, Schéfer H, Stolke

48.

D. Early seizures following non-penetrating
traumatic brain injury in adults: risk factors
and clinical significance. Brain Inj.
2002;16(4):323-30.

DeGrauw X, Thurman D, Xu L, Kancherla V,
DeGrauw T. Epidemiology of traumatic brain
injury-associated epilepsy and early use of
anti-epilepsy drugs: An analysis of insurance
claims data, 2004-2014. Epilepsy research.
2018;146:41-9.

49. Thapa A, Chandra SP, Sinha S, Sreenivas V,

50.

Sharma BS, Tripathi M. Post-traumatic
seizures—a prospective study from a tertiary
level trauma centre in a developing country.
Seizure. 2010;19(4):211-6.

Bylicky MA, Mueller GP, Day RM.
Mechanisms of endogenous neuroprotective
effects of astrocytes in brain injury. Oxidative
medicine and cellular longevity. 2018;2018.

561



