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Abstract

Objectives Trauma is a significant cause of morbidity and mortality worldwide. The literature on paediatric trauma epidemiology
in low- and middle-income countries (LMICs) is limited. This study aims to gather epidemiological data on paediatric trauma.
Methods This is a multicentre prospective cohort study of paediatric trauma admissions, over 1 month, from 15
paediatric surgery centres in 11 countries. Epidemiology, mechanism of injury, injuries sustained, management,
morbidity and mortality data were recorded. Statistical analysis compared LMICs and high-income countries (HICs).
Results There were 1377 paediatric trauma admissions over 31 days; 1295 admissions across ten LMIC centres and 84
admissions across five HIC centres. Median number of admissions per centre was 15 in HICs and 43 in LMICs. Mean age was
7 years, and 62% were boys. Common mechanisms included road traffic accidents (41%), falls (41%) and interpersonal violence
(11%). Frequent injuries were lacerations, fractures, head injuries and burns. Intra-abdominal and intra-thoracic injuries accounted
for 3 and 2% of injuries. The mechanisms and injuries sustained differed significantly between HICs and LMICs. Median length of
stay was 1 day and 19% required an operative intervention; this did not differ significantly between HICs and LMICs. No
mortality and morbidity was reported from HICs. In LMICs, in-hospital morbidity was 4.0% and mortality was 0.8%.
Conclusion The spectrum of paediatric trauma varies significantly, with different injury mechanisms and patterns in
LMICs. Healthcare structure, access to paediatric surgery and trauma prevention strategies may account for these
differences. Trauma registries are needed in LMICs for future research and to inform local policy.
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Introduction

In 1994, the Pan-African Paediatric Surgery Association
(PAPSA) was founded with an aim to promote the practice,
education and advancement of paediatric surgery throughout
Africa. At the PAPSA congress in South Africa in 2012, the
executive committee took a decision to develop and lead
initiatives to promote and encourage collaborative research
within low- and middle-income countries (LMICs) and
globally. The first pilot project was a 24 h snapshot com-
paring admissions to paediatric surgery across 13 centres [1].
This study highlighted trauma as the most frequent cause for
admission within paediatric surgery in the LMICs.

Trauma is a significant cause of morbidity and mortality
worldwide. Injury has been reported as the leading cause of
death for children over the age of 1 year [2, 3]. The highest
burden of injury is seen in LMICs, where 95% of all
childhood injury deaths occur [4]. It is only within the last
decade that paediatric trauma has become recognised and
begun to be addressed as significant public health issue [5].
The literature on paediatric trauma epidemiology, particu-
larly in LMICs, still remains limited.

In view of this, this study aimed to gather epidemio-
logical data to provide a snapshot of the global burden of
paediatric trauma and identify differences between injuries
patterns seen in high-income countries (HICs) and LMICs.

Methods

A multicentre prospective cohort study of paediatric
trauma admissions was undertaken across 15 paediatric
surgical centres in 11 countries. Paediatric surgical centres
identified through the PAPSA network were contacted and
invited to participate in this global prospective epidemi-
ology study. Those that consented to take part were asked
to document all trauma admissions to their paediatric sur-
gical service over a 1-month time period. Each participat-
ing centre was required to register the study according to
their local institutions policy.

Trauma is a broad term, encompassing any harm
resulting from injury, accident or assault. For the purpose
of this study, a paediatric trauma admission was defined as
any child being referred to the paediatric surgery service as
a result of attending for medical care after a trauma, either
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via the emergency department or through triggering a
trauma call.

Data were collected using a specially designed data
capture form within MS excel indicating the required
information (“Appendix”’). No patient identifiable data was
included.

Data collection began at 8§ am on the May 1, 2015, and
finished at 8 am on the June 1, 2015. Information recorded
included basic epidemiological data, specifically gender
and age, mechanism of injury, injuries sustained, man-
agement of injuries, length of hospital stay, in-hospital
morbidity and mortality. Morbidity was defined as any
ongoing medical problem, disease or disability relating to
the injury that persisted after treatment or that occurred as
an iatrogenic complication following treatment of the
injury. This was assessed at time of discharge or at the
30-day follow-up if the patient remained an inpatient. No
long-term follow-up was included. Alongside this, each
unit was asked to provide an estimate of the size of the
catchment area population served by the centre.

Data were collated and analysed. Centres were divided
into two groups; those situated in LMICs and those from
HICs. All the centres included from HICs were classified as
either Level 1 or 2 paediatric trauma centres.

The volume of trauma, mechanisms of injury, injury
patterns, management, morbidity and mortality were then
compared between these two groups. Statistical analysis
performed included Mann—Whitney U test for continuous
data, Z test for proportional data and Chi-squared test for
categorical data. A p value of <0.05 was considered statis-
tically significant.

Results

Fifteen paediatric surgical centres participated in the study,
based in 11 different countries across the world (Fig. 1).
Ten centres were based in LMICs, and five centres were
based in HICs. These countries range in size with Ivory
Coast being the smallest, with a population of approxi-
mately 23 million, and India the largest, with a population
of approximately 1.3 billion. There is also a significant
range in the population size of each participating centre’s
estimated catchment area. Canberra Hospital, Australia,
served the smallest population of only 550,000, while
Chittagong Medical College Hospital in Bangladesh,
served the largest population of 25 million.

There were a total of 1377 paediatric trauma admissions
recorded over 31 days; 1295 admissions across ten LMIC
centres and 84 admissions across five HIC centres. The
median number of admissions per centre was 15 in HIC
centres (range 2-33) and 24 in LMIC centres (range
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Fig. 1 Map demonstrating the
location of each of the 15
participating units, along with
the economic classification of
each of these countries

High Income Countries
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Low Income Countries
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10. Tanta, Egypt

11. New Delhi, India
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13. Chittagong, Bangladesh
14. Addis Ababa, Ethiopia
15. Dar es Salam, Tanzania

5-942). The total number of admissions per centre is
demonstrated in Fig. 2. Tanta University Hospital in Egypt
had the highest number of admissions with 942. This par-
ticularly high number of cases can be explained by the
centre policy that all trauma cases in children, even minor
trauma, are seen by a specialist doctor. Canberra Hospital
in Australia had the lowest number of admissions with only
two trauma admissions during the 1-month period. There
was a positive correlation seen between the size of the
catchment population and the number of admissions to that
centre (p = 0.004), where centres with a higher number of
admission having larger catchment populations.

The mean age at injury was 7 years, with injuries in
children under 1 year of age accounting for only 1.8%
(Fig. 3). Injuries over 16 years of age were less common in
this series because the majority of contributing centres
define children as those under the age of 16 years. Boys
were more commonly involved in trauma accounting for
62% of patients in this series, giving a male to female ratio
of 3:2.

Common mechanisms of injury included road traffic
accidents (RTA) (41%), falls (41%) and interpersonal
violence (11%). RTAs included both motor vehicle colli-
sions and pedestrian versus motor vehicle collisions.
Interpersonal violence included physical assault, sexual
assault, stabbing and gunshot injuries. Other mechanisms
described included sports injuries, burns, dog bites, bicycle

accidents and handlebar injuries. Most common injuries
sustained were lacerations (30%), fractures (29%), head
injuries (10%) and burns (3%). Intra-abdominal and intra-
thoracic injuries only accounted for 3% and 2%, respec-
tively. Poly-trauma occurred in 2% of patients, and this
was almost exclusively associated with RTAs.

Median length of stay was 1 day (range 0-31 days),
with 47.6% of patients being discharged within 24 h. This
did not significantly differ between the HIC and LMICs
(p = 0.322). Management included an operative interven-
tion under a general anaesthetic in 19%. There was no
significant difference in the need for operative intervention
between HICs (23%) and LMICs (18%) (p = 0.272).
Procedures included fracture fixation (55%), wound man-
agement (15%), and, infrequently, laparotomy or laparo-
scopy (N = 3), thoracotomy (N = 1) and craniotomy
(N = 3) (Table 1).

Comparison between trauma seen in HICs and in LMICs
is shown in Table 2. In the 1-month time period, there was
an average of 43 admissions per centre in LMICs, while in
HICs there was an average of only 15 admissions per
centre. However, when Tanta University Hospital is
excluded as an outlier, the average admission per centre in
LMICs was 24. This difference did not reach statistical
significance (p = 0.079). The mechanisms of injuries seen
in trauma in HICs and LMICs, however, did differ sig-
nificantly. RTAs caused a higher proportion of trauma in
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Fig. 2 Map and bar chart demonstrating the average number of trauma admissions per unit over 1 month for each participating country
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LMICs than in HICs. While falls were the most frequently
seen mechanism for trauma in the HICs (Fig. 4). The
injuries sustained did also differ significantly between
HICs and LMICs. Head injuries, abdominal and thoracic
injuries and poly-trauma accounted for a higher proportion
of injuries in trauma in HICs, whereas fractures and dis-
locations were seen more frequently in LMICs (Fig. 5).
Early morbidity and resultant disability was reported in
55 patients (4.0%). There were a total of 11 trauma-related
deaths reported across all units giving an overall in-hospital
mortality rate of 0.8%. All of the morbidity and mortality

@ Springer

was reported from LMICs, although this difference did not
reach statistical significance (p = 0.057 and p = 0.402,
respectively).

Discussion

Global collaborations in paediatric surgery are a recent and
evolving concept, with few studies produced thus far
[1, 6, 7]. This is the first collaborative study investigating
paediatric trauma on a global stage. In order to promote
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and encourage a wide participation, particularly from
LMICs, the study design was kept simple and pragmatic.
Due to its collaborative nature it provides insight into the
global burden of paediatric trauma. The data demonstrate
the volume of trauma admissions, mechanisms of injuries,
morbidity and mortality across paediatric surgery units,
illustrating significant variations between units within HICs
and LMICs.

This study supports previous epidemiological data on
paediatric trauma. Trauma affecting children under the age
of 1 year is rare. Additionally, it supports a male prepon-
derance, with a ratio demonstrated here of 3:2 boys to girls,
in keeping with previous data suggesting that male children
are twice as likely as female children to be injured [2]. The
spectrum of trauma managed by paediatric surgery varies
significantly across centres. Volume of trauma in particular
was highly variable across centres, with the lowest volume
centre only admitting 2 trauma patients in the 1-month
study period, while the highest volume centre experienced
942 admissions in this same period. Although there was no
statistical difference between HICs and LMICs in terms of
number of admissions, the five centres that experience the
largest volume of trauma were all situated in LMICs.

Trauma is reported to be a significant problem in LMICs,
accounting for a high percentage of paediatric admissions
[8, 9]. Mortality rates in the literature are extremely vari-
able. Data from HICs range from mortality rates as low as
4.81 per 100,000 up to 6.6% [2, 10-12]. While data from
sub-Saharan Africa suggest that trauma results in signifi-
cant morbidity and mortality, as high as 50% in certain
areas [13]. In this study, the majority of children were
treated conservatively and discharged within 24 h with no
long-term sequelae.

Overall, morbidity was 4% with a mortality rate of
0.8%. All of the morbidity and mortality in this study was
seen in the LMICs with no in-hospital morbidity or mor-
tality reported from the units in HICs. One factor which
may account for the seemingly lower mortality is that pre-
hospital mortality was not reported here. Although other
previous studies in LMICs have also not specifically
included pre-hospital mortality [13], one study from Nor-
way suggests that pre-hospital mortality can account for up
to two thirds of paediatric trauma deaths [12]. Most LMICs
do not have a formal organised pre-hospital emergency
medical services (EMS), and ambulances are often limited
to providing transport rather than medical care [14]. Due to

Table 1 Comparison of surgical intervention required in trauma admission in low- and middle-income countries (LMICs) and high-income

countries (HICs)

Surgical intervention All (N = 1377) LMICs (N = 1295) HICs (N = 82)
All 256 (19%) 237 (18%) 19 (23%)
Fracture fixation 141 (55%) 138 (58%) 3 (3.6%)
Wound management 39 (15%) 25 (11%) 14 (17%)
Laparotomy/laparoscopy 3 (1%) 2 (1%) 1 (1%)
Thoracotomy 1 (0.4%) 1 (0.4%) 0
Craniotomy 3 (1%) 2 (1%) 1 (1%)

N = the total number of admissions in that category. Absolute numbers for each type of surgical intervention are shown with percentages in

brackets
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Table 2 Comparison of paediatric trauma admissions between low- and middle-income countries (LMICs) and high-income countries (HICs)

All LMICs HICs
Centres 15 10 5
Total admissions 1377 1295 82
Median number of admissions per centre 24 43 15
Mechanism of injury
RTA 559 (41%) 542 (42%) 17 21%)
Fall 571 (41%) 526 (41%) 45 (55%)
Interpersonal violence 149 (11%) 139 (11%) 10 (12%)
Injuries
Soft tissue/lacerations 409 (30%) 377 (29%) 32 (39%)
Fracture/dislocation 394 (29%) 385 (30%) 9 (11%)
Head injury 131 (10%) 99 (8%) 32 (39%)
Burns 42 (3%) 42 (3%) 0
Intra-thoracic 21 (2%) 16 (1%) 5 (6%)
Intra-abdominal 44 (3%) 36 (3%) 8 (10%)
Poly-trauma 34 (2%) 26 (2%) 8 (10%)
Surgical intervention 256 (19%) 237 (18%) 19 (23%)
Median length of stay (days) 1 1 1
Morbidity 55 (4.0%) 55 (4.0%) 0
Mortality 11 (0.8%) 11 (0.8%) 0

N = the total number of admissions in that category. Absolute numbers shown with percentages in brackets

Fig. 4 Chart demonstrating the
proportions for the most
common mechanisms of injury
for paediatric trauma seen in
units based in low- and middle- *
income countries (LMICs)
compared to high-income
countries (HICs). Asterisk
indicates a statistically
significant difference

(p < 0.001)
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the lack of formal EMS, pre-hospital deaths are often
unrecorded; therefore, there are limited and unreliable data
surrounding pre-hospital care and mortality in LMICs and
obtaining these data is extremely challenging [15, 16].
Layperson training for trauma care has been recommended
to help improve survival to hospital in LMICs [17].
Different injury mechanisms and patterns were observed
in HICs compared to LMICs. Factors such as healthcare
structure, access to and the role of paediatric surgery and
trauma prevention strategies may account for these

@ Springer

differences. A particular difference noted was in the vol-
ume of RTAs seen in LMICs. This is in part related to
lower quality road infrastructure and a high volume of
traffic [18]. However, the majority of HICs have well-de-
veloped trauma prevention strategies and public health
initiatives which reduce the frequency and severity of
trauma-related injuries. Many of these focus on road safety,
such as wearing seatbelts, appropriate car seats and road
safety education for children [19-21]. As a result, falls now
contribute a significant proportion of injuries in HICs,
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Fig. 5 Chart demonstrating the proportion of patients presenting with the most common injuries observed in paediatric trauma attending units
based in low- and middle-income countries (LMICs) as compared to high-income countries (HICs). Asterisk indicates a statistically significant

difference (p < 0.001)

further injury prevention strategies are needed to reduce
this preventable mechanism of injury in HICs.

Another observed difference was in the rates of burns
injuries. HICs did not record any burns injuries, and even in
LMICs the numbers of burns reported were low. This is
easily explained in HICs because burn care has been
allotted to specialised burns units under the care of plastic
surgeons and therefore would not have been recorded in this
study. Following the improved outcomes in burns care with
centralisation of burns services, some LMICs have now
developed specialised burns units using a similar or adapted
model [22-24]. An additional factor in the prevalence of
burns injuries, particular in LMICs, is the climate. Signifi-
cant seasonal variation exists with the peak prevalence
observed in the colder months [25]. As this study was car-
ried out over a single month in the year it is possible that it
has therefore identified a lower rate of burns injuries.

The injuries seen in these trauma admissions also differed
significantly between LMICs and HICs. There was a higher
proportion of fracture and dislocation injuries in LMICs
when compared to HICs. This may be explained by different
hospital structures, whereby the emergency department in
HIC centres would refer patients with isolated fractures or
dislocations directly to a paediatric orthopaedic team and
paediatric surgeons would not be involved in their care.
While centres in LMICs may not have access to specialist
paediatric orthopaedics, patients are often managed by
paediatric surgery in conjunction with orthopaedic teams.

Head injuries, however, seemed to be seen in higher pro-
portion in HICs. This may in part be explained by the dif-
ferences in mechanism of injury, as already discussed, with
falls being more likely to result in a head injury. However,
another possibility to consider is that children suffering from
significant head injuries in LMICs do not survive to reach the
hospital. Intra-thoracic injuries, intra-abdominal injuries and
poly-trauma, which tend to represent more severe trauma
cases, were also all seen in higher proportion in HICs. Again
this is likely to be related to differences in healthcare
between LMICs and HICs, with centralisation of trauma care
to specialised trauma centres having occurred in HICs. All
the HICs were Level 1 or 2 paediatric trauma centres and
therefore would expect to see a higher proportion of more
severe trauma. Again it may also suggest a higher rate of pre-
hospital morbidity in LMICs.

The way trauma is managed varies greatly between
centres and countries, from having many small units with
minimal resources and specialists to centralising trauma to
larger units with focused resources and easier access to the
necessary specialists. It has been shown that centres that
experience a high volume of trauma have better outcomes
in terms of managing these cases [26]. Many HICs have
now developed trauma registries and trauma networks with
major trauma centres, with the aim to have high-volume
centres with appropriate expertise to improve patient out-
comes [27]. Trauma registries have been shown to be
integral to monitoring and improving care; however, there
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are still relatively few registries in LMICs as compared to
HICs [28]. The varying infrastructure and resources in
different countries means that it may not be directly pos-
sible to implement the same strategies, but implementation
is feasible in under-resourced environments [29]. Many
registries rely on injury severity scoring systems in order to
facilitate risk stratifications, clinical decision-making and
research. The majority of current scoring systems were
created for HICs and are therefore suboptimal for LMICs.
The Kampala Trauma Score was developed in a LMIC and
has been shown to be useful in injury surveillance and
triage in resource limited settings [30]. This score is not
specifically designed for use in paediatric patients, and
therefore, there remains a need for a paediatric trauma
scoring system suitable for use in LMICs to provide an
easy and reliable estimate of injury severity and ultimately
predict associated outcomes [31].

The development of injury prevention initiatives specific
to individual countries should be a public health focus in
order to reduce the burden of trauma injuries in LMICs.
Specific focus should be on prevention of RTAs, which cause
the majority of severe trauma in LMICs. Road safety should
be improved through education in schools and government
legislation, for example, compulsory seat belt use and car
seats for younger children and infants. Additionally, many
LMICs would benefit from stricter enforcement of road
safety laws and legislation ensuring vehicles are road wor-
thy, in particular surrounding informal taxi services. Further
work is still needed to fully outline local issues in paediatric
trauma prevention and management, especially in LMICs, so
that these can be addressed in a targeted and sustainable way.
Achieving this would require introduction of trauma reg-
istries and scoring systems in order to allow meaningful and
standardised data collection and providing a basis for future
research. This will then demonstrate areas where outcomes
can be improved and inform decisions about training and
resources allocation.

The pragmatic approach taken in this study does lead to
significant limitations. The inclusion and exclusion criteria
were kept broad and therefore were based on each centre’s
usual practice. Although this gives us a snapshot into dif-
ferent healthcare structures in each centre, understandably
there is a significant degree of heterogeneity within the
resultant data. In particular, the age range admitted under
the care of the paediatric service within these centres
varied from a maximum of 12-18 years. Additionally, in
some centres, minor trauma may be managed purely by the
emergency team or orthopaedic teams without the
involvement of the paediatric surgery team, depending on
the way the local services are structured and managed. This
will inevitably lead to heterogeneity within the data sets
from each centre. Alongside this data were limited to that
which was managed by the paediatric surgical service.

@ Springer

Specific data from emergency departments and pre-hospital
mortality were not collected. Additionally, follow-up
beyond the inpatient episode was not collected, and
therefore, late complications and long-term morbidity
cannot be commented on.

Further to the limitations relating to the study design,
there was one specific centre that contributed the majority
(68%) of the overall data set. Therefore, it must be
appreciated that the comparative results will be heavily
biased by this significantly high proportion from one single
centre, and the results must be interpreted with this in
mind. This occurred because the centre had adopted a
policy whereby all paediatric trauma cases were seen by
the paediatric surgery team rather than the emergency
department. The policy was adopted following a specific
incident where a missed injury resulted in the death of a
child after discharge from the emergency department. Due
to this policy the data set from this centre included a higher
volume of minor trauma that in many other centres would
have been managed entirely by the emergency department.
This may have skewed the data to demonstrate shorter
length of stay and lower morbidity and mortality. With
exclusion of this centre, the median length of stay remained
at 1 day, while the mortality was 1.6% and morbidity 11%.

Undertaking this collaborative study has provided us with
additional information on paediatric trauma epidemiology to
guide future research. It has given us important insights in
undertaking research in LMICs and performing large-scale
collaborative studies. Difficulties including access to tech-
nology for web-based data collection and email access for
sharing information all needed to be addressed throughout
the study. These projects take a significant amount of time
and commitment to coordinate and ensure they are continued
through to completion. We know, following the recent
Lancet commission on Global Surgery, that more research is
needed in order to fully assess the unmet need for surgery
[32]. PAPSA hope that, as experience grows with collabo-
rative research, more LMIC centres will be enabled to con-
tribute data and undertake such studies.
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Appendix: Data collection sheet

Trauma data collection from May 1, 2015-May 31, 2015

Centre

Definition of paediatric age (up to... years) please delete

12; 14; 16; 18

Estimate of catchment population

Case Admission  Discharge Age Gender Mechanism of Injuries Surgery  Surgical Morbidity Mortality ~ Any further
Number injury intervention information
Date Date/ (Years) Male/ (RTA/fall/ (Multiorgan Yes or  If yes... (Ongoing Yes or
remains female stabbing/gunshot/ (please no please disease or no
inpatient other...) detail)/head/ detail disability
at chest/ related to
30 days abdomen/ injury after
limb/ treatment or
other...) as a
complication
of treatment)
eg. 1 03/05/ 05/05/2015 6 male RTA—pedestrian Head injury No n/a None No
2015 hit by car
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