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ABSTRACT

Background

RTls, falls and violence contribute to more thao thirds of pediatric TBIs in SSA. In this
study, we sought to assess mechanisms of pedi&tim an effort to propose interventions for
more effective pediatric head injury prevention.

M ethods

A cohort of 100 patients who were <18 years treatddRRH between November 2016 and
June 2017 were enrolled in the study. Informatinretology of injury was obtained via a
guestionnaire administered to patient caretakettseatime of admission.

Results

The mean age was found to be 7.5 years (SD 5.238¥tdwere female. In our sample, 61% had
CT imaging done, of which 88.5% had a positive ifigd A majority of patients presented with a
mild head injury (55%). RTIs were the predominaseiciranism of injury across age groups
(75%). Across all age groups, falls were respoeditil a greater proportion of injuries in
children aged 10-14 years (13.3%), while the higpegportion of intentional injuries was
reported in age group 10-14 and 15-17 years, 20%8ar8%, respectively. Patients involved in
pedestrian RTIs were significantly younger compdeetthose injured in non-pedestrian RTIs.
Most parents (87.9%) were not with their childréthe time of a pedestrian RTI.

Conclusion

In Southwestern Uganda, the majority of pediataanotrauma patients are injured pedestrians,
with no adult supervision at the time of the injuBonducting a public awareness and education
campaign on the necessity of child supervisiornitgal to decreasing pediatric head injuries in
Uganda.
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INTRODUCTION

Traumatic brain injury (TBI) is the leading caudedeath and disability in children and young
adults around the worfdMoreover, TBIs are involved in nearly half of athuma deaths, and
account for more than 10% of total global disap#itjusted life years. TBI incidence is on the
rise due to due to increased use of motor vehickspecially in low and middle income
countries—which results in road traffic incider&T(s)? While the current incidence in Europe
is 235 per 100,000 per year, incidence is thougbeteven higher in Africa, although reliable
data is not available for the entirety of the redio

Among all children, head trauma, most commonly essalt of RTIs, stands out as the leading
cause of long term disability, affecting both moaod cognitive abilitie$~* This subsequently
negatively affects a child’s educational performeaand lifelong access to opportunities that
stem from that education. Oftentimes, the pooretdlien are those that are the most negatively
affected. Children from a low socioeconomic stattesmore likely to be street hawkers as well

as walk and play at roadsides or man roadside shops

The mechanism of pediatric head trauma varies agesgraphic regions. For instance, in the
United States, falls constitute the most frequeatmanism for children aged under 12 years,
while adolescents are more prone to assaults, &sports injurie3In a cohort from Nepal,
falls were the most common causes of pediatric hgades, followed by RTIs, most of which
involved pedestrians hit by vehicl®& Taiwan and Iran, the most common etiology waigsR
followed up falls and assault§.Data on the mechanism of pediatric head traunfavnand
middle-income countries (LMICSs) is severely lackihgfact, only one study from Nigeria
addressed the mechanism and outcomes of pediaatthauma in sub-Saharan Africa (SSA),
concluding that RTIs accounted for more than twalthof all pediatric head trauma, followed
by falls and violenc&.In adult studies from Uganda, TBI was determireetie the predominant
cause of neurosurgical admissions and deaths, aieguor 87% of all neurosurgical

admissions and resulting in an overall mortality raf 13%:*°

In order to create and institute preventive pubéalth interventions to decrease the incidence,

morbidity and mortality of pediatric head injuriesUganda, a better understanding of why these

injuries are happening is necessary. By intervigwite mothers of pediatric patients presenting

to Mbarara Regional Referral Hospital (MRRH) witkeld injury, we sought to assess
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mechanisms of pediatric head injuries presentirtitoreferral hospital and their associations
with patient outcomes in an effort to propose weeations for more effective pediatric head

injury prevention.

METHODS

Study Population and Setting

The study was conducted at MRRH, one of the 14 owent referral hospitals in Uganda, and
the only one serving Mbarara Distri¢tThe majority of the population of Mbarara Distrist

less than 40 years of age (84%) — 29% are the bileage of 10, 23% between the ages of 10
and 19, and 31% between the ages of 20 and 39.\/eEre hospital serves a population of over
four million people in Southwestern Uganda, andéaapacity of 600 beds, 8 ICU béds?

The staff consists of 410 persons, only one of wiganeurosurgeohi:*> Within Southwestern
Uganda, Mbarara Regional Referral Hospital is thig bospital with a staff neurosurgebhAt
MRRH, all neurological patients are admitted eittieough the accident & emergency

department (A&E) or through the neurosurgical otigra. department (OPD).

Study Design

We carried out a prospective cohort study, whightwad the first 100 pediatric head trauma
patients <18 years of age who presented MRRH bethMesember 2016 and June 2017. This
study was nested inside a larger MRRH Neurolodidadbbase study. The database captures
variables on patient demographics, patient ristofa¢c diagnostic and laboratory results,
management, delays in care, complications and mésolnformation on etiology of injury was
obtained via a questionnaire administered to patiaretakers at the time of admission. Injury
etiology was stratified into several causes — ttoaffic incidents (RTI), falls, sports injuries,
non-intentional trauma, defined as accidental tiatimat is preventable, and intentional trauma,

more commonly referred to as assatilt.

Patient Selection

All pediatric patients (<18 years of age) admitiethe neurosurgical ward through A&E or

OPD for head trauma were included in this studwaréigss of whether they are managed
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medically or surgically. This also includes patgeewho are admitted to the A&E department and
subsequently discharged there with CT done or pgndi

Data Collection

All data on the mechanism of injury was gathereddirect interaction between the patient
caregiver and the researcher or the trained rdseasistant (MP, MI). Additional data,

including demographics, user/provider delays as agetlinical data on the patient
comorbidities, physical exam assessment, and dgtignesults were reviewed and documented
on standardized templates by research assistashtsuasequently entered into a password
protected database, stored on researchers’ endrgiptéces and then uploaded to a HIPAA-

compliant Duke surgery servers.

Data Analysis

Variables from the data collection tools were ezdento the REDCap (Research Electronic
Data Capture, https://projectredcap.org/) platfarmd analyzed using Stata software version
14.0. Descriptive statistics were used to calcutaepatient demographics, injury etiology,
injury severity, CT findings, patient treatment andcome data for all patients. Association
between injury etiology and mortality in pediatfiBl patients were determined using Mantel-
Haenszel odds ratios. Variables found with a sigaiit association with the outcome of interest
with a p-value of <0.05 were considered statidjcsignificant.

Ethical Approval

Ethical approval was obtained from Mbarara Uniugrsf Science and Technology Research
Ethics Committee (Protocol No. 160130) and the Dukeversity Health System Institutional
Review Board (Protocol N@20069190).

RESULTS

Demographics, Clinical Characteristics and Disposit

A total of 100 patients were included in the stutilye mean age was found to be 7.5 years (SD
5.2) with 38% of the patient population being feendhen stratified by age group, the gender

ratio was 1M:1F in patients in age groups 0-4 yaas5-9 years. Among patients in age groups
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10-14 and 15-17, the ratio was 6.5M:Hrgure 1). The vast majority of patients presented with
mild (55%) and moderate head injury (30%), whil&diresented with severe injury (GCS <=
8) and data on GCS was missing for 4% of the pistiém our sample, 61% had CT imaging
done, of which 88.5% had a positive finding. A tab24 patients had multiple CT findings.
The majority of CT scan findings were skull fra@si(38.5% of all CT findings), and contusions
(30.8%). Other findings included subdural hemat¢8faH) (6.4%), epidural hematoma (EDH)
(9.0%), intraventricular hemorrhage (IVH) (2.6%a)barachnoid hemorrhage (SAH) (1.3%),
pneumocephalus (3.7%), and brain edema (7.7%). Msisins were small and did not
necessitate surgical intervention. A total of 8gvats underwent neurosurgical intervention, with
the most common procedure being skull fractureagiem and/or duroplasty. Mortality among
the patient cohort was 4%, with 1 patient initigthgsenting with mild head, 2 with moderate
and 1 with severe head injury. Further detailsde@cted inTable 1.

Mechanism of Injury

RTIs represented the most common mechanism ofihgag. 75% of all patients and 70% of
children aged 2 years or less suffered a headyisgrondary to this mechanism. Other causes of
head injury were intentional injury (10%), fall (§mon-intentional injury (5%) and sports

injury (2%). We were not able to identify the cao$énjury for two patients. Further details are
provided inTable 2.

When assessing mechanism of injury by age groups RrfEdominated across all age groups. In
age group 0-2 years, RTIs were responsible for @0%8Is, and non-intentional and intentional
injuries combined were responsible for around 3@%Ris. A similar statistic was noted in the
age group 3-9 years old, where RTIs is were resplenfor 83.93% of TBIs; however, falls

were responsible for a greater proportion of igsiin this age group (7.14%), intentional
injuries accounted for 4% while non-intentionalimgs made up 1.79%. In older children, age
groups 10-14 and 15-17 years, RTIs were still tostmommon cause of injury. Nevertheless,
these groups had the highest proportion of inteatiojuries, 20% and 31.3% in age groups 10-
14 and 15-17 years, respectively. Falls were resptenfor 13.3% of TBIs in age group 10-14

years, but no falls were reported in age group AyearsFigure 2 provides further details.

Interviewees reported that the majority of injuriesk place on the street (60%), while 22% took

place at home. With regards to location of thedhitaregiver at the time of the injury, the
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caregiver was with the child at the time of injunyl2% of the cases, while they were home
when the injury occurred in 52% of the caskable 2 contains further information on location

of parents or guardians during the patient’s heady.

Pedestrian Injuries

Of those injured in RTls, 79% were pedestrians, 1&8%e motorcycle passengers and others
were cyclists or car passengdfgglre 3). The mean age of patients involved in pedestiats
was significantly younger compared to those injuredon-pedestrian RTIs - 5.9 years and 10.7
years, respectively (p<0.00Rigure 4). Most parents (87.9% of all pedestrian injuri@gye not
with their children at the time of a pedestrian RHigur e 3). When the severe outcome was
defined as death or need for neurosurgical inteéiwenall patients who suffered a head injury

secondary to an RTI were found to be pedestrian8.(83).

DISCUSSION

Around the world, traumatic brain injury is thed&ag cause of death and disability among
children’ The rise in urbanization across low and middi@ine countries has further led to a
significant increase in trauma across those nafitmsin effort to seek solutions for combating
the rise of pediatric head injuries in developiogrmiries, this study sought to determine the
primary causes of these injuries and to study tteeimstances around which these incidents
occurred. This prospective study used caregivervigws in combination with hospital
encounter data to report the mechanism and outcoMEBI in children under 18 years of age
who were admitted to a regional referral hospiidibarara, Uganda. Only a minority of
children presented with severe head injury and rti@e half presented with mild head injury.
The vast majority of patients with a CT scan hawbsitive finding, with the main findings were
skull fracture and contusion. Most injuries werea®ary to RTIs with most victims,
particularly those of younger ages, being pedeawtrim only a few cases, caregivers were

present at the time of the child’s injury.

The distribution of patient ages, genders and gswafrinjury found within our patient cohort
was similar to those reported in previously puldihiterature. We noted a bimodal peak in

patient age distributions, with patients under &rgeand those >15 years suffering the greatest
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number of head injuries. Younger children have besed to be more susceptible to head
injuries due to their larger head sizes, weakek magsculature and support and thinner
calvarium?’ Meanwhile, older pediatric patients tend to suffem increased head injuries

secondary to RTIs and non-incidental traufha.

The majority of the patients in our study, espégidilose 10 years of age and older, were males
which is similar to previously reported frequencieéMales’ propensity for risky behaviors and
tendency to start manual work in adolescence cexjbdain this finding. However, the gender
ratio was equivalent for patients under 10 yearsgef Given most patients of that age group
were found to be injured when walking to/from sdhared the population of Mbarara district has
an equivalent sex ratio and is nearly uniformlytsplterms of a rural vs urban population, this
finding could potentially suggest children in sauéistern Ugandan attend primary school in
equal proportion. However, the questionnaire usedhis study did not capture the location of
patient injuries. If most injuries among childreri& years of age are occurring in urban
settlements, then we cannot subsequently extrapthlatsame is true for rural areas. Thus,

further studies are useful to further assess gae@ation.

Similar to findings from Nepal who reported 65%igats with mild head injuries, we found that
55% of our patient cohort suffered from mild heajtiiies® Meanwhile, the low incidence of
severe head injuries seen within our study is smr&tion of findings in the current literatdfe.

It is possible that absence of transportation, dosioeconomic status or lack of prehospital care
could be contributing to the lower cases of sewead injury in our population, as these children

probably die before reaching the hospftal.

Beyond understanding the epidemiology of the pedipatient population who suffers head
injuries, recognizing the conditions and circums&munder which these instances occur is a
vital step for creating future interventions to b=se the rate of TBI. Similar to previous studies,
this study found that while RTIs dominated as #aling cause of head injuries in childfén,
more significantly, most children who suffered ahénjury secondary to an RTI in our cohort
were pedestrians. Similarly, a hospital based straiy the United States previously reported a
high incidence of pedestrian RTIs, although no siatha has previously been reported from
LMICs.?® Interestingly, in that study, the highest incidewn pedestrian RTIs occurred among

children aged 6-10 yeaf$?*Within our study, the highest incidence was seear children



200 under 5 years; however, the incidence continudzetalmost similarly high in children aged 5-9
201 vyears. Perhaps the most striking finding within study was that almost 90% of children
202 involved in pedestrian RTIs were not with a pa@nguardian at the time of the incident and

203 pedestrian RTIs were more likely to suffer an uofable outcome.

204  Lack of adult supervision of children is a majakrfactor for burns and other childhood

205 injuries® However, lack of child supervision is particulapgonounced in LMICs where

206 children often walk to school without their adultagdians, perhaps accompanied by only a
207 slightly older sibling. Children may also play dretsides of streets or busy marketplaces

208 unsupervised while their guardians are busy at winks study demonstrates that the majority
209 of our pediatric patient population presenting widad injuries are young unsupervised

210 pedestrians. Increasing supervision may be a mdtradcreasing pedestrian safety. Barton, et
211 al. has demonstrated that children behave moréocsiyt when crossing the street superviged.
212  Studies by psychologists have shown that childueigg their physical abilities more cautiously
213 when parents are presénfThe findings suggest supervising parents or adoittd intervene to
214  prevent children from attempting dangerous ac#sigiven that children are more likely to

215 overestimate their abilities than parefit§uture studies should be geared towards implemgnti

216 such interventions in the region and assessingithpact.

217 Given the findings of our study, increasing pulaieareness on the increased risk of pedestrian
218 RTI head injuries among unsupervised children cessary. Public awareness and education
219 campaigns have been shown to improve outcomeser aMICs. In Mexico, an awareness

220 campaign in conjunction with a law enforcement caigip targeting seat belt and child restraint
221 use led to a reduction in road traffic collisidgiigsnother study from Brazil which carried out

222 educational training in health centers and schasiwell as conducted a public awareness

223 campaign with media distribution of videos, souveind pamphlets, resulted in a 26% decrease
224  in mortality as well moderate and severe traumarsgary to RTI$®?° Thus, conducting a

225 public awareness and education campaign on thessiecef child supervision is critical for

226 decreasing pediatric head injuries in Uganda.
227 Limitations

228 There are several limitations to our study. Mogahty, we obtained data from a sample size of

229 only 100 pediatric patients, thus making it difficie determine whether our findings over- or
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underestimated the frequencies of various injurghaaisms. Moreover, this study was limited
to one referral hospital located in Southwesterandig, thus making it difficult to extrapolate
the conclusions made to other populations thatreme urbanized or more rural. However, it is
important to note that all data was collected pecsipely, either from patient charts during

admission or from patient caretakers.

CONCLUSION

This was the first prospective study from an LM&drvestigate the circumstances surrounding
pediatric head injury. We found that in Southweastdganda, most pediatric head injuries occur
secondary to RTIs with most victims, particulatps$e of younger ages, being pedestrians. In
most cases, caregivers were notably absent aintleeot the child’s injury. Increasing pediatric

supervision is a necessary step to decrease titenoe of pediatric head injuries in Uganda.
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Table 1. Patient characteristics, patient demographics and clinical outcomes

Patient age, mean (SD)
Gender (females), n (% of patients)
CT of the brain performed, n (% of patients)
Admission GCS
13-15
9-12
3-8
unknown
Patients with positive finding on CT of the brain, n (% of patients)
CT Findings, n (% of all CT findings)
Subdural hematoma (SDH)
Epidural hematoma (EDH)
Intraventricular hemorrhage (IVH)
Subarachnoid hemorrhage (SAH)
Pneumocephalus
Skull Fracture
Contusion
Brain edema
Neurosurgical intervention, n (%)
Elevation of depressed skull fracture
Duroplasty
Elevation of depressed skull fracture + duroplasty
Cranioplasty
Craniectomy
Burr holes
Disposition, n (%)
Discharged
Died
Transferred
Absconded

7.5 (5.19)
38 (38%)
61 (61%)
100 (100%)
55 (55%)
30 (30%)
11 (11%)
3 (3%)

54 (54%)
78 (100%)
5 (6.4%)

7 (9.0%)

2 (2.6%)

1 (1.3%)

3 (3.7%)
30 (38.5%)
24 (30.8%)
6 (7.7%)

8 (8%)

2 (2%)

2 (2%)

1 (1%)

1 (1%)

1 (1%)

1 (1%)

97 (3%)
82 (82%)
4 (4%)

2 (2%)

12 (12%)



Table 2. Mechanism and location of pediatric head trauma presenting to MRRH.

All patients (n= 100)  Children </=2 years (n= 10)

Primary causes of injury

RTI 75 (75%) 7
Fall 6 (6%) 0
Sports injury 2 (2%) 0
Intentional trauma 10 (10%) 1
Non-intentional Trauma 5 (5%) 2
Unknown 2 (2%) 0
Location of injury
Home 22 (22%) 6
School/Childcare center 4 (4%) 0
Street 60 (60%) 4
Other 3 (3%) 0
Unknown 11 (11%) 0
Location of parents/guardian
Home 52 (52%) 4
Garden/farm 4 (4%) 1
With child 12 (12%) 5
Other 9 (9%) 0
Unknown 23 (23%) 0
Role if RTI
Pedestrian 58 (77.3%) 4
Cyclist 5 (6.7%) 0
Motorbike passenger 9 (12.0%) 3
Car passenger 1(1.3%) 0
Unknown 1 (1.3%) 3
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Figure 1. Gender of pediatrics patients presenting to MRRH, stratified by age group.
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Figure 2. Mechanism of head injury among pediatrics patients presenting to MRRH,
stratified by age group.
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Figure 3. Patient role within road traffic incident and adult supervision status.
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Figure 4. Distribution of patient ages after pedestrian vs non-pedestrian RTIs.
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HIGHLIGHTS

» First LMIC study to investigate the circumstancesaunding pediatric head injury.
* The majority of pediatric neurotrauma patientsinjgred pedestrians.
» Caregivers were notably absent at the time of ktid’s injury.



ABBREVIATIONS

Accident & Emergency department (A&E)
Epidural hematoma (EDH)
Intraventricular hemorrhage (IVH)

Low- and middle-income country (LMIC)
Mbarara Regional Referral Hospita
Outpatient department (OPD)

Research Electronic Data Capture (REDCap)
Road traffic incident (RTI)

Subarachnoid hemorrhage (SAH)

Subdural hematoma (SDH)

Sub-Saharan Africa (SSA)

Traumatic brain injury (TBI)



