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ABSTRACT

INTRODUCTION Paediatric trauma is a significant burden to healthcare worldwide and accounts for a large proportion of deaths in
the UK.
METHODS This retrospective study examined the epidemiological data from a major trauma centre in the UK between January
2012 and December 2014, reviewing all cases of moderate to severe trauma in children. Patients were included if aged ≤16 years
and if they had an abbreviated injury scale score of ≥2 in one or more body region.
RESULTS A total of 213 patients were included in the study, with a mean age of 7.8 years (standard deviation [SD]: 5.2 years).
The most common cause of injury was vehicle related incidents (46%). The median length of hospital stay was 5 days (interquartile
range [IQR]: 4–10 days). Approximately half (52%) of the patients had to stay in the intensive care unit, for a median of 1 day
(IQR: 0–2 days). The mortality rate was 6.6%. The mean injury severity score was 19 (SD: 10). Pearson’s correlation coefficient
showed a positive correlation for injury severity score with length of stay in hospital (p<0.001).
CONCLUSIONS There is significant variation in mechanism of injury, severity and pattern of paediatric trauma across age groups. A
multidisciplinary team approach is imperative, and patients should be managed in specialist centres to optimise their care and
eventual functional recovery. Head injury remained the most common, with significant mortality in all age groups. Rib fractures
and pelvic fractures should be considered a marker for the severity of injury, and should alert doctors to look for other associated
injuries.
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Paediatric trauma is a significant burden to healthcare
worldwide1 and accounts for a large proportion of deaths in
the UK.2,3 Children are not just small adults and often
require different expertise to deal with emergencies effi-
ciently. Knowledge regarding the demographics of paediat-
ric trauma workload as well as the patterns and timings of
presentation help plan for the judicious use of available
resources. Although a number of reports have been pub-
lished, literature addressing this important issue is still lack-
ing. Bayreuther et al published the largest analysis of
paediatric trauma in the UK based on the Trauma Audit and
Research Network (TARN) national database.3 This demon-
strated a trend of decreasing overall mortality year on year
with improved hospital care and hospital coordination in a
trauma network.

Addenbrooke’s Hospital in Cambridge is the level 1 major
trauma centre (MTC) for the East of England region (Fig 1).
It is one of only 12 combined adult and children’s MTCs in
the UK. The MTC covers an area of 7,335 square miles
(19,000km2), encompassing a population of 5.9 million peo-
ple. It has a mixture of rural, residential, light industrial and

coastal regions. The aim of this study was to independently
analyse paediatric trauma data in our MTC so as to identify
the patterns of injury as well as the associated mechanisms
of injury and to assess the outcome.

Methods

This was a retrospective analysis of our hospital trauma
database, which reviewed all cases of moderate to severe
trauma in children aged ≤16 years over a period of three
years (January 2012 – December 2014). Children were
included in the study if they had an AIS score of ≥2 in one or
more regions of body. Permission for the study was granted
by the institutional patient safety and quality department.

Data reviewed included: patient demographics; transfer
information; day, month and time of presentation; mecha-
nism and type of injury; systems involved; Glasgow coma
scale (GCS) score; abbreviated injury scale (AIS) score;
injury severity score (ISS); and probability of survival calcu-
lated from the GCS score and ISS. Injuries were categorised
according to seven body areas: head, face, thorax, abdomen,
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limbs, spine and pelvis. Different injury patterns were
assessed in relation to age group, mechanism of injury and
mortality rate. Outcome variables of interest included mor-
tality, length of hospital stay and length of stay in the inten-
sive care unit.

Statistical analysis

Data were analysed on Excel® (Microsoft, Redmond, WA, US)
and Minitab® version 17 (Minitab, Coventry, UK). The chi-
squared test was used to compare variations between differ-
ent groups. A p-value of <0.05 was considered statistically sig-
nificant. Correlation between variables was assessed using
Pearson’s correlation coefficient, with the threshold for signif-
icance set at p<0.01.

Results

The records of 213 children (137 male, 76 female) were
reviewed, with a mean age of 7.8 years (standard deviation
[SD]: 5.2 years). The patients were stratified into four age
groups: <1 year, 1–5 years, 6–10 years and 11–16 years. The

distribution of patients among these groups is shown in
Table 1.

Distribution of admissions

During the study period, 97 patients attended our emergency
department directly while 116 were transferred from other
hospitals in the trauma network. Consequently, 54% of
patients were not resident in the Cambridgeshire area, with
7% actually coming from areas beyond the East of England
region.

On average, 5.9 patients were admitted per month. Cumu-
lative admissions for each calendar month over the three-
year study period are shown in Figure 2. The highest fre-
quency of admissions occurred in July (n=27) and August
(n=29) while February (n=9), March (n=11) and June (n=11)
experienced the lowest numbers of admissions. When com-
paring the four quarters of the year, the third quarter (July to
September) had the highest proportion of admissions.

In terms of days of the week, 137 patients (64.3%) were
admitted to the emergency department on weekdays, equat-
ing to an average of 27.4 admissions per day from Monday to

Figure 1 East of England trauma network
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Friday. This compared with 76 patients (35.7%) being admit-
ted at the weekend, which corresponds to an average of 38.0
admissions per day for Saturdays and Sundays. Similarly,
there were considerably more admissions during the eve-
ning than late at night and in the early morning with the
highest levels of attendance between 5pm and 8pm (Fig 3).

Mechanism of injury

Most of the injuries occurred on roads (37.1%) or at home
(31.4%), followed by public areas (14.6%) and institutions
(7.8%). Vehicle related incidents were the most common
mechanism of injury overall (46.0%). Table 2 shows the fre-
quency of different mechanisms of injury for the four differ-
ent age groups. All suspected NAI cases presented with
either head injury or asphyxia related brain injury. Three
cases of hanging were also reported; two of them were most
likely accidental while playing alone and one was suspected
self-harm.

Pattern of injuries

Injuries were stratified based on seven different body
regions (Table 3). Head injuries were the most common
(54.0%), followed by limb injuries (39.9%). The overall mor-
tality rate for head injuries was 8.7%. This was the only
injury type that was fatal in isolation, death occurring in two
cases. Pelvic fracture was the least common injury (7.0%)
and all but one of these were associated with injuries in
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Figure 2 Distribution of paediatric trauma admissions by months over the three-year study period
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Figure 3 Radar chart of paediatric trauma emergency
department arrival time plotted in two 12-hour overlapping
graphs

Table 1 Demographics of the 213 paediatric trauma
patients

Sex

Male 137 (64.3%)

Female 76 (35.7%)

Age

Mean age in years 7.8 (SD: 5.2)

<1 year 28 (13.1%)

1–5 years 60 (28.2%)

6–10 years 50 (23.5%)

11–16 years 75 (35.2%)

Type of injury

Blunt 210 (98.6%)

Penetrating 3 (1.4%)

Mechanism of injury

Vehicle related incident 98 (46.0%)

Fall from <2m 57 (26.8%)

Fall from >2m 26 (12.2%)

Blow(s) 13 (6.1%)

Non-accidental injury (suspected) 8 (3.6%)

Hanging 3 (1.4%)

Crush 2 (0.9%)

Blast 1 (0.5%)

Stabbing 1 (0.5%)

Other 4 (1.9%)

SD = standard deviation
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other body regions. Table 4 shows the breakdown of
regional injuries by age group.

Length of stay

The median length of stay in hospital was 5 days (interquar-
tile range [IQR]: 4–10 days) and in the intensive care unit, it
was 1 day (IQR: 0–2 days). Length of hospital stay correlated
positively with ISS (r=0.280, p<0.001).

Orthopaedic injuries

There were 88 patients with orthopaedic injuries involving
the upper limb, lower limb and pelvis. Spinal injuries were
not included as those are managed by neurosurgeons in our
institution. The mean age was 7.7 years (SD: 4.8 years).
There were similar numbers of patients with isolated ortho-
paedic injuries (n=43, 48.9%) and patients who had other
associated injuries (n=45, 51.1%). There were 39 patients
(44.3%) with upper limb injuries while lower limb and pel-
vic injuries were identified in 76 (86.4%) and 15 (17.0%)
cases respectively (Fig 4). Half of the patients had a single
long bone fracture whereas the other half had multiple

fractures. The most common mechanism for orthopaedic
injuries was vehicle related collisions (n=52, 59.1%), fol-
lowed by falls from <2m height (n=26, 29.5%).

Four patients with orthopaedic injuries died, equating to a
mortality rate of 4.5% in this group. None of these patients
had an isolated injury. Three had an associated head injury
and one had multiple long bone fractures with an associated
abdominal injury. One of them also had a pelvic/acetabular
fracture.

Outcome and mortality

A total of 14 patients died (overall mortality rate 6.6%). Nine
of these were direct admissions while five were transferred
from other hospitals. Seven of the deaths were associated
with road traffic collisions, three were due to hanging, one
resulted from suspected NAI with head injury, one followed a
fall from a horse leading to an injured cervical spine causing
cord compression, one was due to a head injury sustained
while jumping on a bouncy castle and one child died after
pulling a television on to himself. Ten of the fourteen mortal-
ities had some element of head injury involved. One patient

Table 2 Mechanism of injury by age group

Age Vehicle

related

incident

Fall from

<2m

Fall from

>2m

Blow(s)* NAI Hanging Crush Blast Stabbing Other** Total

<1 year
(n=28)

5 (2.3%) 8 (3.8%) 3 (1.4%) 3 (1.4%) 6 (2.8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (1.4%) 28

(13.1%)

1–5 years
(n=60)

18 (8.4%) 25 (11.7%) 10 (4.7%) 3 (1.4%) 2 (0.9%) 0 (0%) 1 (0.5%) 1 (0.5%) 0 (0%) 0 (0%) 60

(28.2%)

6–10 years
(n=50)

29 (13.6%) 9 (4.2%) 7 (3.3%) 3 (1.4%) 0 (0%) 1 (0.5%) 0 (0%) 0 (0%) 0 (0%) 1 (0.5%) 50

(23.4%)

11–16 years
(n=75)

46 (21.6%) 15 (7.0%) 6 (2.8%) 4 (1.9%) 0 (0%) 2 (0.9%) 1 (0.5%) 0 (0%) 1 (0.5%) 0 (0%) 75

(35.2%)

All ages

(n=213)
98 (46.0%) 57 (26.8%) 26 (12.2%) 13 (6.1%) 8 (3.8%) 3 (1.4%) 2 (0.9%) 1 (0.5%) 1 (0.5%) 4 (1.9%) 213

(100%)

*mainly related to sports injuries caused by ball, bat, racket or helmet; **cases in which mechanism of injury was not clear
NAI = non-accidental injury (suspected)

Table 3 Patterns of regional injuries and associated mortality

Regional injuries Isolated injuries Mortality Associated injuries Mortality Total injuries Mortality

Head 48 (22.5%) 2 (4.2%) 67 (31.4%) 8 (11.9%) 115 (54.0%) 10 (8.7%)

Face 2 (0.9%) 0 (0%) 37 (17.4%) 3 (8.1%) 39 (18.3%) 3 (7.8%)

Thorax 0 (0%) 0 (0%) 36 (16.9%) 5 (13.9%) 36 (16.9%) 5 (13.9%)

Abdomen 18 (8.4%) 0 (0%) 21 (9.8%) 2 (9.5%) 39 (18.3%) 2 (5.1%)

Limbs 38 (17.8%) 0 (0%) 47 (22.1%) 4 (8.5%) 85 (39.9%) 4 (4.7%)

Spine 7 (3.3%) 0 (0%) 15 (7.0%) 2 (13.3%) 22 (10.3%) 2 (9.1%)

Pelvis 1 (0.5%) 0 (0%) 14 (6.6%) 1 (7.1%) 15 (7.0%) 1 (6.7%)
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had pelvic fractures with associated injuries, and three died
of asphyxia and hypoxic brain injury related to hanging.

Discussion

Trauma accounts for significant child mortality and morbidity
worldwide. Approximately 830,000 children die every year
from unintentional injuries.1 Road traffic collisions, falls and
drowning are among the most common mechanisms.
Although 95% of these injuries occur in low income and mid-
dle income countries, paediatric injuries also remain a signif-
icant problem in high income countries, accounting for 40%
of all paediatric mortality.1 In the UK, trauma remains a major
cause of child mortality, ranging from 16% in those aged 1–4
years to 40% in 15–19-year-olds.3

Our study shows a male predilection for polytrauma of
2:1. Similar findings have been noted in other studies, with
the highest rate being 3:1.4–6 The average age for paediatric
polytrauma patients has uniformly been reported in the lit-
erature as less than 10 years,7–11 with a significant propor-
tion being infants. Paediatric trauma admissions seem to
follow a pattern of increased frequency in the spring and
summer months.12 Furthermore, a significant number of
admissions occur in the evening, between 5pm and 8pm.
This pattern of attendance has an implication for the staffing
of paediatric trauma services.

Paediatric polytrauma affects the whole family. Over half
of the patients in our regional trauma centre were not from
the catchment area of the immediate hospital, and it is likely
that the distance to be travelled by the parents has an eco-
nomic and emotional impact.

Mechanism of injury and injury pattern vary according to
different age groups. In our study, all but three patients suf-
fered blunt injuries. Vehicle related injuries and falls were
the two most common mechanisms overall, accounting for
75% of admissions. Vehicle related injuries were more com-
mon in children aged 6–16 years while younger children
were more prone to falls.

Almost a third (31%) of the children involved in motor
vehicle collisions in our study were pedestrians versus cars
while 14% were cyclists versus cars. Interestingly, there were
incidents involving children riding motorbikes. Three of
these (2 boys and 1 girl) were aged under 13 years and were
involved in motocross (a form of off-road motorcycle racing).
The two boys sustained femur fractures that required fixation
(average ISS 8.5) while the girl had multiple fractures includ-
ing the humerus and pelvis (ISS 27). One 15-year-old boy had
been riding his off-road motorcycle without supervision and
collided with a car, resulting in death. Motocross is known to
be a high risk sport with an injury rate of 22.72 per thou-
sand.13 The pattern of injuries seen in our cohort of patients
reflects that reported elsewhere.14

Table 4 Patterns of regional injuries by age group

Regional injuries <1 year (n=28) 1–5 years (n=60) 6–10 years (n=50) 11–16 years (n=75) All ages (n=213)

Head 28 (13.1%) 28 (13.1%) 25 (11.7%) 34 (16.0%) 115 (54.0%)

Face 12 (5.6%) 8 (3.8%) 7 (3.3%) 12 (5.6%) 39 (18.3%)

Thorax 2 (0.9%) 8 (3.8%) 12 (5.6%) 14 (6.6%) 36 (16.9%)

Abdomen 1 (0.5%) 5 (2.3%) 14 (6.6%) 19 (8.9%) 39 (18.3%)

Limbs 2 (0.9%) 34 (15.9%) 21 (9.9%) 28 (13.1%) 85 (39.9%)

Spine 3 (1.4%) 4 (1.9%) 3 (1.4%) 12 (5.6%) 22 (10.3%)

Pelvis 1 (0.5%) 5 (2.3%) 4 (1.9%) 5 (2.3%) 15 (7.0%)
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NAI and teenage suicide continue to be challenging for all
communities.15 In our study, there were eight cases (3.8%)
of suspected child abuse; six of these were in the <1-year age
group. Three cases of asphyxia from hanging were also
highlighted (two boys aged 9 and 11 years, and one girl aged
14 years). These findings are comparable with general UK
data. The national incidence of suicide among children aged
10–14 years has remained unchanged between 1970 and
2010: for girls, the rate of suicides was 0.23 per 100,000 pop-
ulation per year and for boys, it was 0.71.16

Several other studies have reported 34–41% of injuries
being casued by vehicle related collisions and 8–16% being
the result of falls.17,18 Howard et al,19 Durbin et al20 and Al-
Jazaeri et al21 investigated the effect of seating position and
restraints on the risk of injury to children in motor vehicle
crashes. Unrestrained passengers sitting in the front were at
highest risk of injury compared with restrained children sit-
ting in the back. Lack of an age appropriate child restraint
and middle seating position were associated with a greater
risk of head and neck trauma in younger children while ado-
lescents were at increased risk of abdominal injuries associ-
ated with the use of lap/shoulder belts, single vehicle
collision and vehicle extrication.22

The head was the most commonly injured body region in
our study (54.0%), with an overall mortality rate of 8.7%. It
was the only isolated injury type that was fatal. The mortality
rate for head injury increased to 11.9% when combined with
injuries in other regions (Table 3).

Although thoracic injuries were less frequent (16.9%),
they had the highest overall mortality rate (13.9%). Impor-
tantly, none of the injuries to the thorax were isolated. This
reflects the amount of energy transferred, to cause such
injuries. Ribs in children are pliable and can deform under
load without fracture, leading to lung and mediastinal inju-
ries. As a result, rib fracture in children is considered a
marker for injury severity.15

Limb injuries were the second most common injury in
our study (39.9%). Almost half of the limb injuries were iso-
lated. Although none of them were fatal, they can add con-
siderably to the morbidity of the child. Letts et al assessed
the outcome and long-term results in a cohort of 149 poly-
trauma children.23 The most common complications were
limb deformity, secondary to fracture (18%) and infection
(15%). The incidence for pelvic fractures in paediatric
trauma patients has been reported as 2.4–7.5%.24,25 In our
study, the incidence of pelvic fractures was 7.0%, with a
mortality rate of 6.7%. Only 1 of the 15 patients with injury
to the pelvis had no other associated injuries, again indicat-
ing the severity of impact and the amount of energy trans-
ferred to the body in these cases.

Conclusions

In paediatric trauma, there is significant variation in pattern
of injury and associated mechanisms across age groups.
Head injury remains the most common injury, with signifi-
cant mortality for all ages. Rib fractures and pelvic fractures
should be considered a marker for injury severity, and

should alert doctors to look for other associated injuries.
Awareness of the peak paediatric polytrauma admission
times in the evening and summer can aid with staff and
resource planning.

Although mortality from trauma is low in paediatric
patients, we must continue to improve the safety of children.
This can be achieved by improving the safety of roads, the
home and sports facilities, and also by using appropriate
safety equipment and parental supervision where necessary.
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