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ABSTRACT

Background Injury is a leading health burden

in children yet relatively little is reported about the
contemporary risks they face. Current national registry
data may under-represent the true burden of injury to
children. We aim to analyse contemporary patterns of
paediatric trauma and identify current factors putting
children at risk of injury.

Methods A 3-month prospective multicentre cohort
evaluation of injured children across the London Major
Trauma System was performed. All children receiving a
trauma team activation; meeting National Institute for
Health and Care Excellence CT head criteria; or admitted/
transferred out due to trauma were included. Data were
collected on demographics, mechanism and location of
injury, and body region injured. The primary outcome

was in-hospital mortality and secondary outcome was
safeguarding concerns.

Results 659 children were included. Young children
were more likely to be injured at home (0-5years old:
70.8%, n=167 vs adolescents: 15.6%, n=31). Adolescents
were more likely to be injured in the street (42.7%, n=85).
Head trauma caused over half of injuries in 0-5years old
(51.9%, n=121). Falls were common and increasingly
prevalent in younger children, causing 56.6% (n=372)

of injuries. In adolescents, penetrating violence caused
more than one in five injuries (21.9%, n=50). Most injured
children survived (99.8%, n=658), however, one in four
(26.1%, n=172) had safeguarding concerns and a quarter
of adolescents had police, third sector or external agency
involvement (23.2%, n=53).

Conclusions This study describes modern-day
paediatric trauma and highlights the variance in injury
patterns in young children and adolescents. Importantly, it
highlights differences in actual rates of injuries compared
with those reported from current national registry data. We
must understand real risks facing 21st century children
to effectively safeguard future generations. The results
provide an opportunity to reassess the current approach to
injury prevention, child and adolescent safeguarding, and
public health campaigns for child safety.

What is known about the subject?
» Trauma is the leading cause of death in children.

» Injury patterns vary across age groups.
» Falls are the most common cause of injuries in under

What this study adds?

| m
@

» National registry criteria vastly under-represent the
true volume of paediatric trauma.

» Prevalence of interpersonal violence in children and
adolescents is significantly higher than previously
reported.

» Traditional approaches to safeguarding must be
modernised to reflect contemporary risks of inter-
personal violence and avoidable harm.

INTRODUCTION

Trauma remains the leading cause of death
and morbidity for children and young
people.1 Historically, road-related incidents
were the greatest source of death and serious
injury to children.! Contemporary mecha-
nisms of injury are evolving, with interper-
sonal violence?® and falls*® overtaking as the
most common causes of injury in children.
Effective safeguarding of children and young
people requires an accurate understanding
of contemporary risk, this is essential to
underpin future injury prevention strategies,
if the success of those reducing road related
casualties is to be replicated.6 As mechanisms
of injury in children evolve, the focus of injury
prevention processes must also adapt. Accu-
rate understanding of modern-day injury
patterns is therefore essential to minimise risk
and enhance child safety.
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Falls, traditionally seen as a predominant cause of
injury in the elderly, are now a leading mechanism in chil-
dren.*” Despite this, awareness of the burden of falls for
children in the UK is limited,” especially when compared
with falls prevention strategies seen in older people. Falls
frequently result in head injuries in children, the impact
of which is subject to a growing body of evidence detailing
the cognitive and socioeconomic impacts of even mild
traumatic brain injury in early years.®

Contemporary reports also reveal a rise in violence
related injury in both young adult® and paediatric popu-
lations,9 10 however, current violence reduction strategies
focus mainly on young adults.” ' In 2018, a single centre
study in London found a penetrating injury rate of 9.4%
in under 16s.” Yet in the same year, national trauma
data suggested just 6% of injured children aged 16 or
less suffered penetrating injuries in London.' These
data may underrepresent the true incidence of paedi-
atric violence-related injury due to the volume of cases
not currently meeting Trauma Audit Research Network
(TARN) national registry inclusion criteria. Currently
the contemporary risks, aetiology and demographics of
paediatric injury is unknown. Accurate understanding
of this is vital to ensure appropriately targeted, effective
injury prevention strategies and safeguarding.'®

We aimed to characterise the incidence of trauma in
children cared for within the London Major Trauma
System (LMTS). The primary aim was to investigate the
contemporary causes, risks and outcomes of injury for
children in differing age cohorts. Second, we wished
to evaluate safeguarding interventions associated with
injured children.

METHODS

A prospective paediatric trauma evaluation was carried
out over a 3-month period from February to April 2018.
This time frame was chosen for consistency with previous
trauma service evaluations within our system." '* The
LMTS serves a wide geographical region."”” Four major
trauma centres (MTCs) care for severely injured children
and young people, while 34 trauma units (TUs) manage
the less severely injured and provide safe onwards transfer
for those requiring MTC interventions (online supple-
mental item 1). All MTCs and TUs within the LMTS were
invited to participate in the evaluation. Engagement was
optimised through meetings with network leads and the
pan-London Paediatric Trauma group. Each site regis-
tered the evaluation with local clinical audit teams and
had a dedicated consultant clinical lead and data collec-
tors. Anonymised data were collected by clinicians on
children who met at least one of the following inclusion
criteria:

» Those who had a trauma team activation (online

supplemental item 2).
» Those who were admitted or transferred (to MTC or
quaternary service) due to trauma.

» Those who met National Institute for Health and
Care Excellence criteria for CT head due to trauma
(to capture those not otherwise included in trauma
team activation criteria).

In view of the frequency with which children with minor
injuries present to emergency departments the inclu-
sion criteria were defined to identify the most severely
injured children. Those with isolated minor injuries not
requiring admission to hospital, advanced imaging or
activating the hospitals trauma team response were not
included. Patients were also excluded if they were found
to have had a non-trauma cause for presentation or if
their age exceeded the hospital’s definition of a child.
Prehospital deaths were not included in this project. The
definition of ‘paediatric’ varies across the system, there-
fore, to reflect real world practice a child was defined as
birth-16 years or birth-18 years as per individual hospital
determination. Due to a lack of consensus in the liter-
ature, the study group decided to define adolescence
as 212 years of age.

A case report form was completed for each patient.
Data were collected on age, gender, mechanism of injury,
location of injury and injuries per body region. The
primary outcome was in hospital mortality, secondary
outcome was safeguarding concerns raised. Safeguarding
children is defined by the UK government as ‘preventing
harm to children’s health or development, taking action
to enable all children and young people to have the best
outcomes, to protect children from abuse and maltreat-
ment and to ensure children grow up with the provision
of safe and effective care.’'” Safeguarding concerns could
be raised by any clinical team member to highlight chil-
dren or young people who may be at risk of harm. All
children with safeguarding concerns were discussed in
local psychosocial meetings as per local hospital poli-
cies and multidisciplinary team decisions were made
regarding onward referral to social services and/or health
visitor. Involvement of police and third sector organisa-
tions (including injury support and violence reduction
programmes) were also captured. Children were followed
up until they were discharged from hospital.

Descriptive statistics were used to compare differences
between age cohorts (0-b years, 6-11 years and >12 years).
These cohorts reflect significant periods of child develop-
ment: infancy, childhood and adolescence. Continuous
data are presented as medians with IQRs. Categorical
data are presented with percentages.

Due to the nature of this work, patient and public
involvement was not possible.

RESULTS

During the 3-month study period, 665 children were iden-
tified within the 22 participating hospitals (all MTC’s and
18 TU’s). Six were excluded due to non-trauma causes or
age exceeding the hospitals definition of a child, leaving
659 children included in the evaluation. Of these, 52%
were cared for in an MTC and nearly two-thirds were
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Table 1
February-April 2018

Demographics and injury characteristics of children and young people cared for in the London Major Trauma System

All children (n=659) 0-5 years (n=247) 6-12 years (n=184) >12years (n=228) P value
Male 426 (64.6) 145 (59.4) 114 (62.0) 167 (73.2) 0.540
Female 233 (35.4) 102 (40.6) 70 (38.0) 61 (26.8) 0.008
Mechanism of injury
Blunt 596 (90.4) 243 (98.3) 175 (95.1) 178 (78.1) <0.001
Penetrating 63 (9.6) 4(1.7) 9 (4.9) 50 (21.9) <0.001
Fall 372 (56.5) 184 (74.7) 109 (59.2) 79 (34.6) <0.001
RTC 83 (12.6) 13 (5.3) 35 (19) 36 (15.8) <0.001
Assault (all) 63 (9.5) 6 (2.4) 5(2.7) 52 (22.8) <0.001
Assault blunt 22 (3.3) 6 (2.4) 4(2.2) 12 (5.3) 0.133
Assault penetrating 41 (6.2) 0(0) 1(0.5) 40 (17.5) <0.001
Other* 139 (21.1) 43 (17.5) 35 (19) 61 (26.7) 0.034
Location of injury
Home 241 (40.5) 167 (70.8) 44 (27.5) 31 (15.6) <0.001
School 98 (16.5) 16 (2.5) 45 (28.1) 37 (18.6) <0.001
Street 152 (25.5) 21 (8.9) 46 (28.8) 85 (42.7) <0.001
Othert 102 (17.1) 32 (13.6) 25 (15.6) 46 (23.1) 0.026
Body region injured
Head 252 (39.6) 121 (51.9) 65 (36.1) 66 (29.5) <0.001
Upper limb 133 (20.9) 47 (20.2) 51 (28.3) 35 (15.6) 0.007
Lower limb 113 (17.7) 26 (11.2) 35 (19.4) 52 (23.2) 0.002
Abdomino-thoracic 25 (3.9) 1(0.4) 1(0.5) 23 (10.3) <0.001
Pelvis 4(1.7) 0 (0) 2(1.1) 2(0.9) 0.302
Spine 9 (8) 1(0.4) 8 (4.4) 10 (4.5) 0.002
Soft tissue 6 (11) 7(7.3) 2(1.1) 7(3.1) 0.005
Face 23 (9.7) 3 (5.6) 8 (4.4) 2 (0.9) 0.021
Polytraumazt 27 (11.4) 2(0.8) 5(2.8) 20 (9.9) <0.001
Management
MTC level care 343 (52) 126 (51.0) 91 (49.5) 126 (55.3) 0.462
Required surgery 194 (29.4) 50 (20.2) 72 (39.1) 72 (31.5) <0.001
Intensive care admission 22 (3.3) 5(2.0) 7 (3.8) 10 (4.4) 0.329

All data are presented as n (%).

Denominator changes where data were missing: Mechanism of injury: n=658 (blunt vs penetrating n=659), 0-5years n=246. Location of
injury: all n=595, 0-5years, n=236, 6-12years, n=160, 12+ years, n=199. Body region injured: all n=637, 0-5years, n=233, 6-12years,

n=180, 12+ years, n=224.

p<0.05 was considered statistically significant, denoted in bold type.

*Other includes sports injury, burns, deliberate self-harm.

1Other includes parks/recreation facilities/playgrounds, sports grounds, soft play locations.

FPolytrauma defined as injury to > 1 body region.
MTC, major trauma centre; RTC, Road Traffic Collision.

male (64.6%) (table 1). The median age was 8.9 years
(IQR: 3.75-13.96). A bimodal distribution of age was
identified, with peaks of injury in the very young (0-2
years) and in adolescence (figure 1A). The youngest
cohort (0-5 years) was the largest (37%) followed by 212
years (35%) then those aged 6-11 years (28%) (table 1).

Across the entire cohort, penetrating trauma accounted
for 9.6% of injuries, however, in adolescents, penetrating
injury affected one in five (21.9%). The predominant

blunt mechanism of injury was falls (56.5%). Road traffic
collisions accounted for 12.6% of injuries. Over a quarter
of injured children required an operative interven-
tion (29.4%) and admission to intensive care was 3.3%.
Mortality was <1%, with one child dying in the youngest
cohort (table 1). The median hospital length of stay for
survivors was 1 day (IQR 1-3).

Location of injury differed according to age (figure 1B).
In younger children aged 0-5 years, the majority were
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injured in their home (70.8%). Almost three quarters
of these younger children suffered falls (74.7%), with
more than half of this age group sustaining head inju-
ries (51.9%) (table 1). Conversely, adolescent injuries
commonly occurred in the street and almost a quarter
of this age group (22.8%) were injured through inter-
personal violence. Once again head injuries predomi-
nated however abdomino-thoracic trauma was greatest
in adolescents compared with other age groups (10%
vs <1%, table 1). Polytrauma affected approximately
1/10th of the cohort (11.4%) (table 1).

Safeguarding concerns were raised in one in four
injured children (26.1%) (table 2). These were iden-
tified in all age groups but bimodal peaks of concern
were observed in the youngest (30.4%) and oldest chil-
dren (33.3%) (figure 2A). Overall, almost one in three
children (30.6%) were referred to social services or the
health visitor following their injury (table 2) with similar
bimodal peaks (figure 2B). Forty-nine (19.8%) chil-
dren in the 0-5 years cohort were under 1year old, of
these 45%'® had safeguarding concerns and 63% (31)
were referred for social services or health visitor input
(figure 2A,B). Almost a quarter of adolescents required
input from the police and third sector organisations
(table 2) with a stepwise increase observed from age 13
years onwards.

DISCUSSION
This project has characterised the contemporary inci-
dence and mode of traumatic injury for children and
young people within the LMTS through a prospective
evaluation of those presenting to a trauma system not
selected by Injury Severity Score (ISS) or length of stay.
This includes data captured for all children and young
people presenting with an injury or mechanism severe
enough to require trauma team activation, admission or
transfer for ongoing care and/or CT head. These data
offer a contemporary overview of paediatric trauma
within a region and help to fill existing knowledge gaps
present due to the current national registry inclusion
criteria. Data were captured from children and young
people managed in both MTC and TU settings, including
both rural and inner city populations using the same core
methodology as previous trauma service evaluations.'*
Variation exists in the pattern of injuries seen in child-
hood and adolescence. Differences were seen in the loca-
tion of injuries, with preschool age children most likely to
be injured in their homes compared with older children
and adolescents, who were most likely to be injured in
the street. Traditional mechanisms of trauma associated
with children and young people, such as road traffic colli-
sions, were less evident, with falls the primary cause of

Table 2 Outcomes

All children (n=659) 0-5years (n=247) 6-12 years (n=184) >12 years (n=228) P value
Mortality 1(0.15) 1(0.4) 0(0) 0 (0) 0.434
Safeguarding concern 172 (26.1) 75 (30.4) 21 (11.4) 76 (33.3) <0.001
Referral to HV/SS 202 (30.6) 97 (39.3) 30 (16.3) 75 (32.9) <0.001
Police involvement 84 (12.7) 13 (5.3) 18 (9.8) 53 (23.2) <0.001
Third sector/external 61 (9.3) 4 (1.6) 4(2.2) 53 (23.2) <0.001
agency involvement
Hospital stay (days)* 1(1-3) 1.5(1-2) 1 (1-4.5) 2 (1-5) <0.001

p<0.05 was considered statistically significant, denoted in bold type.

*All data are presented as n (%) except for hospital stay (median with IQR).

HV, health visitor; SS, social services.
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injury in the younger cohort while a demonstrable rise
in interpersonal violence and penetrating injuries was
observed in adolescence. Head injuries predominated
across all age groups with over half of the younger chil-
dren affected. The higher rate of abdomino-thoracic
injuries seen in adolescents is thought to be associated
with increased penetrating trauma in this group (online
supplemental table 1). A quarter of the children and
young people included in this evaluation had significant
safeguarding concerns raised and one in four adoles-
cents required input from police and/or third sector
organisations. Mortality was low (0.2%) contrasting with
previous reports of 8.8% in severely injured'” and 3.1%
in moderately injured children and we are unable to
account for this.” Deaths may have occurred at scene,
not captured by this project. Our cohort contained chil-
dren and young people of all injury severities and was not
limited by TARN inclusion criteria, other factors such as
the maturation of the trauma system may have contrib-
uted to increased survival.*

This study highlights differences in how children and
adolescents sustain traumatic injury. In our cohort, the
predominant cause of injury in children and young
people was falling. This was greater in younger children,
a group most at risk of injury in their home environ-
ment. Injury in the home is common and offers oppor-
tunity for injury prevention.17 Children aged 0-5 years
were most likely to suffer head injuries. Previous reports
have suggested toddlers, aged 1-4 years, have the lowest
rates of head injury, however, such reports have limited
their data to moderate to severe injury.5 By expanding
our cohort, we highlight the risk of head injuries in this
age group, most sustained as the result of accidental falls.
The consequences of falls in this age group, particularly
those with mild traumatic brain injury, are increasingly
appreciated, with evidence suggesting lasting cogni-
tive effects for the individual and economic effects for
society.® Understanding the true burden and the avoid-
able nature of these injuries makes head injury preven-
tion a paediatric public health priority.

Interpersonal violence poses a serious risk to adoles-
cents®® with onefifth sustaining injuries due to alleged
assault, the vast majority of which were penetrating. This

equates to one child every 2days suffering penetrating
injuries across our region. Reported rates of paediatric
penetrating injuries have previously been much lower,
2.2%.% Our findings highlight how current TARN eligi-
bility criteria may underestimate the reality of paediatric
penetrating injury as many will stay in hospital for less
than 3days or not require critical care admission. Accu-
rate understanding of the true volume of these injuries
is vital if we are to effectively target resources for injury
prevention. Prevention strategies must recognise the
involvement of younger children and capitalise on the
potential for intervention in this group to break the cycle
of children later presenting as young adults with life-
threatening injuries.

Safeguarding remains a major concern in contempo-
rary paediatric trauma care. The need for safeguarding
was raised in a quarter of cases and this was highestin both
the youngest group and adolescents. It is known infants
under lyear are at the highest risk of non-accidental
injury (NAI)." Educational programmes introduced to
aid parents to develop coping strategies for crying babies
have been highlighted as important in reducing the risk
of these youngest and most vulnerable children.'®™!
The bimodal distribution of safeguarding concerns also
highlights the need to consider the unique safeguarding
challenges faced by adolescents.”” Our findings question
what effective modern day safeguarding in children and
adolescents looks like. Safeguarding children and young
people has traditionally been viewed as a family experi-
ence, with support for caregivers being of paramount
importance in preventing harm to children. The same
view is not currently taken for children or adolescents as
the victims of interpersonal violence. Historically effort
has focused on the prevention and identification of
NAI, often at the hands of caregivers.16 Yet safeguarding
practices must also reflect the contemporary risks of
intentional interpersonal violence and the prevention
of avoidable harm from unintentional injury which may
impact a child’s ability to reach their full potential. Early
years interventions may be vital in reducing these risks.*’

Limitations exist in this project. First, some of
the smaller TUs were unable to participate due to
service commitments therefore cases will have been
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missed. However, each of the four MTCs participated,
suggesting that the most severely injured children
were included. Our definition of adolescents and
the varying upper age limit may not reflect paedi-
atric practice elsewhere, however, this illustrates the
real world variation seen across different settings.
Although the LMTS serves both urban and rural
populations, we acknowledge these findings may not
be representative of all trauma networks. The high
proportion of penetrating injuries seen in our cohort
may not currently represent the entire UK, however,
with the rising incidence of violence and county lines
safeguarding issues, it is essential to raise awareness
of this and the need for prevention. The project ran
for a period of 3months, the time frame chosen in
line with previous trauma service evaluations, there-
fore, seasonal differences in attendance may not be
accounted for. ISS was not collected for all included
children therefore overall analysis of injury severity
was not possible. This may also affect mortality
comparisons, however only one child died during our
study period. Some physician or institutional varia-
tions may exist between hospitals however LMTS has
paediatric trauma guidelines which promote stan-
dardisation across the settings. Finally, children whose
injuries or mechanism were not severe enough to
meet the inclusion criteria were not included, incor-
poration of these may have identified other patterns
of injury which may yield further opportunities for
injury prevention.

By expanding our lens, this evaluation has bridged
a gap in understanding paediatric trauma, however,
many learning opportunities remain. Further
research would ideally include a yearlong, national
study, removing seasonal and geographical varia-
tion, to include data capture on prehospital deaths,
emergency department discharges and longer-term
outcomes.

Finally, injured children should not be thought of
in isolation. Consideration must be given to the fami-
lies and wider support networks which play a vital role
in prevention and in rehabilitation. As such, oppor-
tunities for patient and family engagement in future
work and codevelopment of injury prevention strate-
gies must be at the forefront.

CONCLUSION

This evaluation has described the changing demo-
graphics of contemporary paediatric trauma and
has highlighted the variance in injury patterns in
young children and adolescents. Importantly, it has
highlighted differences in actual rates of injuries
compared with those levels reported from current
national registry data. The importance of a contem-
porary understanding of the real risks facing children
in the 21st century cannot be underestimated if we are
to safeguard our future generations effectively. The

results provide an opportunity to reassess our current
approach to injury prevention, child and adolescent
safeguarding, and public health campaigns for child
safety.
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