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Survival and Functional Outcomes at Discharge After Traumatic Brain Injury in Children

versus Adults in Resource-Poor Setting

Laura N. Purcell’, Rachel Reiss>, Jessica Eaton®, Ken-Kellar Kumwenda®, Carolyn Quinsey?, Anthony Charles™®

BACKGROUND: More than 90% of trauma mortality oc-
curs in low- and middle-income countries, especially in
sub-Saharan Africa. Head injury is the primary driver of
trauma mortality in the prehospital and in-hospital setting.

METHODS: An observational study was performed on
patients presenting with traumatic brain injury (TBI) from
October 2016 through May 2017 at Kamuzu Central Hospital,
Malawi. Bivariate analysis and logistic regression were
performed to determine the odds of faverable functional
outcomes and mortality after controlling for significant
covariates.

RESULTS: Of the 356 patients with TBI, 72 (20.2%) were
children <18 years of age. Males comprised 202 (87.1%) and
46 (63.9%) of the adult and pediatric cohorts, respectively.
Motor vehicle crash was the leading etiology in adults and
children. There was no significant difference between
adult and pediatric Glasgow Coma Scale score on admis-
sion, 10.8 + 3.9 versus 10.9 + 3.5, respectively (P = 0.8).
More adult (m = 76, 32.3%) than pediatric (n = 13, 18.1%)
patients died. On multivariable analysis, pediatric patients
were more likely to have a favorable outcome defined by a
Glasgow QOutcome Scale of good recovery or moderate
disability (odds ratio 3.70, 95% confidence interval 1.22—
11.17, P = 0.02) and were less likely to die after TBI (odds
ratio 0.29, 95% confidence interval 0.09—0.93, P = 0.04).

CONCLUSIONS: We show a survival advantage and
better functional outcomes in children following TBI. This
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TBI: Traumatic brain injury

may be attributable to increased resiliency to TBI in chil-
dren or the prioritization of children in a resource-poor
environment. Investments in neurosurgical care following
TBI are needed to improve outcomes.

INTRODUCTION

lobally, traumatic brain injury (TBI) is the primary driver
of trauma mortality." An estimated 69 million people, at
least 3 million of whom are children, experience TBI
each year.”® Beyond mortality in the acute postinjury period,
TBI is associated with up to 7x increased risk of death for up to
13 years after injury and an overall reduced life expectancy.*>
Even those who survive TBI may suffer development of
neuroendocrine and neuropsychiatric sequelae or lifelong
impairments in physical, cognitive, social, and vocational
function.®® TBI is now recognized by the medical community as
a chronic disease, given the progressively evolving compensatory
responses in the injured brain.”"® This “silent epidemic”
engenders enormous economic and social strain worldwide as it
impacts not only patients but also their caregivers and the larger
community.” 3
There is a significantly disproportionate burden of TBIs in low-
and middle-income countries (LMICs), which accounts for 73%
of TBI incidence.” The asymmetry in disease burden extends to
outcomes, as severe TBIs are twice as likely to result in death
in LMIC than their high-income country (HIC) counterparts.'*
Although incidences vary widely by country, TBIs in sub-
Saharan Africa (SSA) are currently estimated to have an
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incidence of 8o1 per 100,000 (95% confidence interval 732—871).”
This represents a substantial increase from prior estimates of
only 150—170 per 100,000 in 2007."” This rise is driven
by increasing motorization, population growth, unchecked
modernization, and regional conflict.>'57 In SSA, there are
few enforced traffic safety regulations and there is limited
safety-promoting infrastructure. As a result, 34% of road traffic
injuries are associated with TBL>">™®

Despite the global importance of TBI, it is far from well char-
acterized. Epidemiologic understandings of this disease process
are obscured by poor surveillance.® The SSA estimations of the
TBI burden may be inappropriately low given the dearth of data
available from this setting.” Difficulties in determining the true
extent of disease are compounded by the lack of worldwide
consensus regarding TBI diagnosis and classification.>®
Further, most reports regarding outcomes after TBI only report
mortality and not morbidity. We, therefore, sought to bridge
this gap and determine TBI mortality and functional outcomes
within the pediatric and adult trauma population in central
Malawi.

METHODS

We performed a retrospective analysis of the prospectively
collected head trauma database at Malawi's Kamuzu Central
Hospital from October 2016 through May 2017. Patients were
included in the database if they had a history of head trauma,
altered consciousness, and/or radiographic evidence of TBI. Pa-
tients were excluded from the database if they were brought in
dead or treated and discharged from the emergency department.
Also, patients were excluded if they had head trauma but no loss
of consciousness, a decrease in their Glasgow Coma Scale (GCS)
score, or radiographic evidence of TBI. Patients were excluded
from the retrospective analysis if they were missing outcomes
data. Pediatric patients were defined as <18 years of age.

Malawi is a small, landlocked country in Southeast Africa. Its
health care system is stratified into 3 tiers: primary health care
centers at the local level, district hospitals located in each of the 28
districts, and 4 central hospitals that provide surgical care to the
country, 1 of which is Kamuzu Central Hospital (KCH), a goo-bed
referral hospital in the capital of Lilongwe, Malawi. KCH is the
tertiary hospital for 8 district hospitals serving 6 million people in
the central region of Malawi. The emergency department has 4
beds, with 2 additional rooms available for mass casualties. The
emergency department is staffed by 2 rotating interns, 3 nurses
including a charge nurse, 2 clinical officers, and an on-call surgical
resident and consultant. There is also a 5-bed intensive care unit
and a 5-bed high-dependency unit for both medical and surgical
patients. There was one consultant neurosurgeon on staff during
the study period.

The study population was analyzed using descriptive statistics
in the overall sample. Univariate analysis was used to determine
data distribution and missing values. Less than 5% of missing
data were seen in the database. Bivariate analysis was performed
by stratifying over adult and pediatric cohorts. The central ten-
dency in univariate and bivariate analyses was reported as means
(+ standard deviation) or medians (interquartile range) if the

covariates were not normally distributed. To compare the dis-
tribution across demographic variables in bivariate analysis, %>
for categorical variables, Student's t-test for normally distributed
continuous variables, and Kruskal-Wallis for not normally
distributed continuous variables were used.

To determine which predictors were associated with favorable
outcome after TBI, we performed a multivariate logistic regression
predictive model. A favorable outcome was defined as a Glasgow
Outcome Scale of good recovery or moderate disability, and poor
outcome was defined as severe disability, vegetative state, or
death. Glasgow Outcome Scale was determined at the time of
patient discharge from KCH. A priori, the variables included were
time from injury to presentation; the presence of another chest,
abdomen, pelvis or extremity injury; shock index; undergoing a
neurosurgical procedure; and head injury severity. Head injury
severity was categorized into mild (GCS >13), moderate (GCS =
9—13), and severe (GCS <8). Variables significant at P < 0.05 in
bivariate analysis for functional outcome were also included in the
multivariate model. The fully adjusted model included time from
injury to presentation; the presence of a chest, abdomen, pelvis, or
extremity injury; shock index; undergoing a neurosurgical pro-
cedure; injury etiology; sex; and head injury severity. A backward
elimination approach was performed to reduce error in both
models. Variables were removed on the basis of P value (>0.05).
Precision was maintained, and a reduction of bias was seen as
there was a narrowing of the confidence intervals and a <10%
change in coefficients, respectively. On the basis of these criteria,
injury etiology was removed from the final model as its inclusion
was not statistically significant in the multivariate logistic
regression.

To determine which predictors were associated with mortality
after TBI, we performed a multivariate logistic regression predic-
tive model. A priori, time from injury to presentation, the pres-
ence of another chest, abdomen, pelvis or extremity injury; shock
index, undergoing a neurosurgical procedure, and head injury
severity were added to the model. Other variables significant at
P < 0.05 on bivariate analysis for mortality were also included with
the fully adjusted model including sex; time from injury to pre-
sentation; the presence of a chest, abdomen, pelvis, or extremity
injury; shock index; undergoing a neurosurgical procedure; injury
etiology; and head injury severity. A backward elimination
approach was performed to reduce error, as previously described.
Injury etiology was removed from the final models as its inclusion
was not statistically significant in the multiple logistic regression.
Removal resulted in minimal change in the coefficients with
narrowing of the confidence intervals.

This analysis was performed using StataCorp vi4.2 (College
Station, Texas, USA). For this study, confidence intervals are re-
ported at 95%, and alpha was set at 0.05. The institutional review
boards approved this study.

RESULTS

Of the 356 patients with TBI included in this study, 72 (20.2%)
were children. In the overall cohort, the average age was 29.5 +
16.4 years with a male predominance (n = 248, 81.6%). The ma-
jority of TBIs were from motor vehicle crashes (MVCs) (n = 184,



Table 1. Patient Demographics Stratified by Adult and Pediatric (<18 years) Cohorts

Total (n = 356) Adults (n = 284) Pediatric (n = 72) P Value
Age (years): p & SD 295 + 16.4 358 + 138 92 +£53 <0.001
Male: number (%) 248 (81.6) 202 (87.1) 46 (63.9) <0.001
Time to presentation: p + SD 0(0—1) 0 (0—1) 0 (0—1) 0.06
Injury mechanism: number (%) 0.007
Blunt 281 (92.7) 210 (90.5) 71 (100.0)
Penetrating 22 (7.3) 22 (9.5) 0(0.0)
Injury etiology: number (%) <0.001
Motor vehicle crash 184 (60.5) 144 (62.1) 40 (55.6)
Assault 76 (25.0) 67 (28.8) 9(12.5)
Fall 31(10.2) 15 (6.5) 16 (22.2)
Other 13 (4.3) 6 (2.6) 719.7)
Total admission GCS: w + SD 108 + 3.8 108 + 39 109 + 35 08
Neurologic symptoms: number (%)
Ataxia 13 (4.3) 10 (4.3) 3(4.2) 1.0
Amnesia 19 (6.3) 16 (6.9) 3(42) 0.4
Aphasia 22 (7.2) 17 (7.3) 5(6.9) 0.9
Weakness 31(102) 23 (11.3) 5(6.9) 0.3
Numbness 7(2.3) 6 (2.6) 1(1.4) 0.6
Seizures 29 (9.5) 20 (8.6) 9(12.5) 0.3
Total 24-hour GCS: p &+ SD 116 £ 4.0 115 £ 40 11.8 £ 39 0.6
Other injury: number (%) 0.4
None 178 (58.5) 133 (57.3) 45 (62.5)
Chest, abdomen/pelvis, or extremity 126 (41.5) 99 (42.7) 27 (37.5)
Neurosurgical operative intervention: number (%) 35 (11.5) 28 (12.1) 71(9.7) 0.6
QOutcome: number (%) 0.09
Death 88 (29.0) 75 (32.3) 13 (18.1)
Discharge 204 (67.1) 148 (63.8) 56 (77.8)
Transferred 7(2.3) 6 (2.6) 1(1.4)
AMA 5(1.6) 3(1.3) 2(28)
Glasgow QOutcome Scale: number (%) 0.05
Death 89 (29.4) 76 (32.9) 13 (18.1)
Vegetative state 2(0.7) 2 (0.9 01(0.0)
Severe disability 9(3.0) 7 (3.5) 1(1.4)
Moderate disability 29 (9.6) 18 (7.8) 11 (15.3)
Good recovery 174 (57.4) 127 (55.0) 72 (65.3)
Time from presentation to outcome: median (IQR) 5 (2—10) 5 (2—10) 5(2—11.5) 0.5

SD, standard deviation; GCS, Glasgow Coma Scale; AMA, discharged against medical advice; Glasgow Outcome Scale; IQR, interquartile range.

60.5%), followed by assaults (n = 76, 25%). There was 29.4%

(n = 89) mortality in the overall cohort (Table 1).

The average age in the adult and pediatric cohorts was 35.8 £+
13.8 and 9.2 =+ 5.3 years, respectively. Both cohorts were primarily

male, 202 (87.1%) in the adult and 46 (63.9%) in the pediatric
cohort, P < o.oo1. In adults, the leading mechanisms of injury
were MVC (n = 144, 62.1%) and assaults (n = 67, 28.8%) in
contrast to the pediatrics cohort, which were MVC (n = 40, 55.6%)



Table 2. Logistic Regression Predicting Favorable Outcome ‘

After Traumatic Brain Injury

Table 3. Multivariate Logistic Regression Predicting Mortality
After Traumatic Brain Injury

95% Confidence 95% Confidence
Odds Ratio Interval P Value 0dds Ratio Interval P Value

Pediatric patients 3.70 1.22—11.17 0.02 Pediatric patients 0.29 0.09—0.93 0.04
Female sex 1.49 0.54—4.06 0.4 Female sex 0.65 0.23—1.82 0.4
Time to presentation 0.98 0.93—1.03 05 Time to presentation 0.96 0.89—1.04 0.3
Other injury 0.80 0.40—1.63 0.5 Other injury 0.91 0.43—1.92 0.8
Shock index 0.58 0.13—2.54 04 Shock index 1.57 0.35—6.93 06
Neurosurgery Intervention 2.03 0.63—6.55 0.2 Neurosurgery intervention 2.03 0.08—1.25 0.1
Head injury severity Head injury severity

Mild Ref Ref Ref Mild Ref Ref Ref

Moderate 0.20 0.08—0.50 0.001 Moderate ON[2. 1.89—13.85 0.001

Severe 0.05 0.02—-0.12 <0.001 Severe 18.71 7.26—48.19 <0.001
fef, a reference to “Mild” to which moderate and severe is compared with. Ref, a reference to “Mild” to which moderate and severe is compared with.

and falls (n = 16, 22.2%), P < o.0o1. There was no difference in
the total admission GCS (10.8 + 3.9 vs. 10.9 + 3.5, P = 0.§),
neurologic symptoms, GCS at 24 hours after admission (11.5 £ 4.0
vs. 11.8 £ 3.9, P = 0.6), and neurosurgical intervention between
the adult and pediatric cohorts. The adult cohort had higher
mortality than the pediatric cohort (n = 76, 32.9% vs. n = 13,
18.1%) and was less likely to have a good functional outcome
(n = 145, 62.8% vs. n = 83, 80.6%; see Table 1).

In the logistic regression model predicting functional out-
comes, pediatric patients (odds ratio [OR] 3.70, 95% confidence
interval [CI] 1.22—11.17, P = 0.02) compared with adults had
greater odds of favorable functional outcomes when controlled for
pertinent covariates. Patients with moderate (OR o0.20, 95% CI
0.08—0.50, P = 0.001) and severe (OR 0.05, 95% CI 0.02—0.12,
P < o.001) head injury were more likely to have poor functional
outcome after TBI (Table 2).

In the logistic regression model predicting mortality, pediatric
patients (OR 0.29, 95% CI 0.09—0.92, P = 0.04) had lower odds of
mortality. Patients with moderate (OR 5.12, 95% CI 1.89, P =
0.001) and severe (OR 18.71, 95% CI 7.26—48.19, P < 0.001) head
injury had higher odds of mortality than those with mild head
injury (Table 3).

DISCUSSION

The World Health Organization classifies TBI as the leading
cause of death and disability among children and young adults
globally, and TBI is the greatest driver of injury-related mortality
worldwide." The burden of TBI is greatest in LMIC, where 85%
of the world's population lives.>® In this comparative study
between adults and children with TBI, we demonstrate reduced
mortality in children compared with adults following TBI and
3x higher odds of good functional outcome at the time of
discharge.

Our findings are similar to other studies in the literature,
suggesting improved functional outcomes in the pediatric

population following TBIL.*" ** However, most of these studies are
from HIC. A 2012 retrospective study by Zonftillo et al** of 13,798
children aged 7—18 years with TBI and a 2015 study by Jimenez
et al® on 10,141 children aged 6 months to 18 years found
significant improvement in functional outcomes at discharge
with further improvement after discharge. Though there is a
paucity of data in LMICs, in an analysis of adult patient
outcomes after TBI in HIC and LMIC, De Silva et al** showed
the overall TBI-related mortality is similar in high and
low-income countries at 27% and 26%, respectively. The most
significant disparity in mortality outcome is in severe TBI, where
the mortality is 30% and 51%, respectively."*

There is currently no consensus as to why children have a
survival and functional outcome advantage over adults after TBI.
Several theories have been proposed. First, the greater flexibility of
cranial bones in young children, as a function of suture patency,
may enhance the capacity of the skull to absorb traumatic forces,
thereby reducing focal brain injury.?® Second, for long-term
outcomes, the central nervous system retains the ability to
recover and adapt secondary compensatory mechanisms after
injury.”” The basis of recovery stems from neuroplasticity, defined
as the ability for neuronal circuits to make structural and functional
adaptive changes. These changes range from molecular,
synaptic, and cellular changes to more global network changes.®
Compared with the pediatric brain, the adult brain is thought to
have less physiologic and neuroanatomic reorganization after
injury.>*°

Though children may have better functional outcomes at the
time of discharge, their ability to sustain this functional advan-
tage over time has been called into question as it is now recog-
nized that after severe TBI, children may be at risk of
“neurocognitive stall.“>" Various TBI functional outcomes results
in children and young adults have emerged that showed initial
recovery curves followed by function plateaus.>® There is
evidence that children sustaining generalized brain trauma are
more vulnerable to long-term cognitive deficits and, in some



cases, further declines in functioning when compared with typi-
cally developing peers.*

Although TBI prevention strategies, such as road traffic safety in
HIC, have been remarkably successful, these achievements are not
replicated in LMIC. Increased use of motor vehicles, coupled with
inadequate infrastructure and insufficient adoption of safety
measures, has resulted in substantial increases in the burden of
TBI in LMIC.?* The immense economic burden of TBI worldwide
necessitates improved prevention and treatment strategies from a
health-economic perspective. This is particularly important in
resource-poor settings where the per-capita health care expendi-
ture is already low. Furthermore, the spectrum of clinical care for
TBI extending from prehospital care, immediate access to emer-
gency care, availability of surgeons, critical care capabilities, and
neuroimaging to long-term postacute care in LMIC must be
available to reduce TBI morbidity and mortality.

This study has several limitations. We did not obtain post-
discharge follow-up, and hence long-term functional outcomes
could not be determined. The head trauma database at KCH did
not include pediatric and adult patients who died before arrival to

the hospital or present only to the district hospitals. Lastly, we
may not have controlled for unrecognized confounding variables
in our logistic regression models.

CONCLUSION

Given the better functional outcomes and mortality, a more
aggressive management approach should be pursued in children
with TBI despite head injury severity. Developing individualized
TBI management strategies, based on age, clinical presentation,
and evidence of raised ICP, may improve TBI management even in
a resource-poor setting. In addition, injury prevention strategies
should be instituted as part of a public health strategy for all.
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