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ABSTRACT

Background Childhood injury is a leading cause of
hospitalisation, yet there has been no comprehensive
examination of child injury and survival over time in
Australia. To examine the characteristics, temporal trend
and survival for children who were hospitalised as a
result of injury in Australia.

Method A retrospective examination of linked
hospitalisation and mortality data for injured children
aged 16 years or less during 1 July 2001 to 30 June
2012. Negative binomial regression examined change

in injury hospitalisation trends. Cox proportional hazard
regression examined the association of risk factors on
30-day survival.

Results There were 686409 injury hospitalisations,
with an age-standardised rate of 1489 per 100000
population (95% Cl 1485.3 to 1492.4) in Australia.
Child injury hospitalisation rates did not change over the
10-year period. For every severely injured child, there are
at least 13 children hospitalised with minor or moderate
injuries. The total cost of child injury hospitalisations was
$A2.1billion (annually $A212 million). Falls (38.4%)
were the most common injury mechanism. Factors
associated with a higher risk of 30-day mortality were:
child was aged <10 years, higher injury severity, head
injury, injured in a transport incident or following
drowning and submersion or other threats to breathing,
during self-harm and usual residence was regional/
remote Australia.

Conclusions Childhood injury hospitalisation rates
have not reduced in 10 years. Children’s patterns

of injury change with age, and priorities for injury
prevention alter according to developmental stages. The
development of a national multisectorial childhood injury
monitoring and prevention strategy in Australia is long
overdue.

INTRODUCTION
Injury is a leading cause of death among children
and accounts for around 950000 non-fatal hospi-
talisations among children each year worldwide.'
In Australia, injury is the leading cause of death for
children aged 1-16years’ and remains a leading
cause of hospitalisation and long-term disability
among children in many countries.”® Beyond the
initial injuries sustained, an injured child may face
ongoing limitations related to their physical abili-
ties, experience chronic pain and psychological
issues, such as post-traumatic stress disorder.” Their
injury also impact on their family and their commu-
nity networks.”

Medical advances, prehospital intervention and
trauma management, legislative change and the

introduction of safety initiatives (such as swim-
ming pool fencing, helmets, child-proof medi-
cine containers, non-flammable clothing, hot
water tempering) and mechanical safety advances
(such as rear-review cameras in vehicles) have all
contributed to increasing the survival of children
following traumatic injury and/or in the reduc-
tion of the severity of the injury sustained.” Yet,
in Australia there has been no comprehensive
examination of injury characteristics and survival
over time for injured children at a national level.
This sort of in-depth information on child-
hood injury is essential for identifying the injury
burden, priority-setting of injury prevention strat-
egies, determining resource planning, identifying
temporal changes in injury trends, determining
healthcare costs and for evaluating the impact of
injury prevention measures.'” Any future gains
in improved survival following child injury and
in the promotion of injury prevention strategies
will likely stem from continued improvements in
prehospital care and trauma management'! ' and
in advocacy efforts towards effective child injury
prevention measures.' This study aims to examine
the characteristics, temporal trend and survival for
children who were hospitalised as a result of injury
in Australia during 2002-2003 to 2011-2012.

METHOD

A retrospective analysis was conducted of hospital-
ised injuries of children aged 16 years or less using
linked hospitalisation and mortality records during
1 July 2002 to 30 June 2012.

Linked hospitalisation and mortality data
collections

Information on hospitalisations was obtained from
the National Hospital Morbidity Database and
jurisdiction-based hospitalisation data collections.
These include information on all patient admissions
from public and private hospitals in Australia. Data
were only available from 1 July 2004 in the Austra-
lian Capital Territory (ACT). Within the hospitalisa-
tion data, diagnoses and external cause codes were
classified using the International Classification of
Diseases, 10th Revision, Australian Modification
(ICD-10-AM)."” Injury-related admissions were
identified using a principal diagnosis classification
of injury (ICD-10-AM: S00-T78).

Mortality data from the National Death Index
were probabilistically linked to the hospitalisation
records by the Australian Institute of Health and
Welfare to identify mortality posthospital admis-
sion. The Western Australian Data Linkage Branch
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Figure 1

Incidence rate for injury-related hospitalisations for children aged <16 years by year, linked hospitalisation and mortality data, Australia, 1

July 2002 to 30 June 2012. Incidence rate excludes Australian Capital Territory.

linked Western Australian hospitalisation and mortality records
and Tasmanian hospitalisation records were linked using a unique
patient identifier, with mortality postadmission recorded within
Tasmanian hospitalisation data. In Victoria, 20.4% (n=41482)
of the child injury hospital records were not able to be linked
and included in the study as they did not include patient names.
A review of these records did not identify any consistent bias by
financial year or hospital.

Identification of health conditions and injury severity

A number of chronic health conditions pertinent for children
were identified.'"* A chronic condition was considered to be a
health condition that would reasonably be expected to last
12 months and that resulted in limitations for self-care, indepen-
dent living or social interactions and/or resulted in the need for
ongoing healthcare using medical services or specialist equip-
ment."® Chronic health conditions were categorised as none, one
condition or two or more conditions.

Injury severity was estimated using the International Clas-
sification of Disease ISS (ICISS) by applying survival risk
ratios (SRR) to each injury diagnoses.'® The ICISS is derived
by multiplying the probability of survival for each injury diag-
nosis using SRRs calculated for each injury diagnosis.'® Minor
(=0.99), moderate (0.941-0.99) and serious (<0.941) injuries
were identified.”

Geographic identification

The Australian Statistical Geographical Standard identified
urban and regional/remote location of residence, with remote-
ness based on distance to service centres.'® The five remote-
ness categories were categorised as: urban (ie, major cities) and
regional/remote (ie, inner regional, outer regional, remote, and
very remote).

Hospital costs
The Australian Refined-Diagnosis Related Groups (AR-DRGs),
episode of care length of stay (LOS) and episode of care type
(eg, acute, rehabilitation) were used to estimate hospital costs.
Rehabilitation-related episodes of care were identified using the
AR-DRG classifications of Z60A, Z60B and Z60C" and/or an
ICD-10-AM rehabilitation classification (ie, Z50.1, Z50.8 and
750.9). Using estimates of public hospital costs,”” the average
daily cost per AR-DRG was multiplied by the episode of care
LOS up to 120 days, then a flat rate of $A200 per day was
applied thereafter, excluding long hospital stays for 19 select
AR-DRGs."” The average cost per AR-DRG included costs
for medical and nursing clinical services, non-clinical salaries,
pathology, imaging, allied health, pharmaceuticals, intensive
and coronary care, operating rooms, emergency departments,
supplies and ward overheads, specialist procedure suites,
prostheses, staff on-costs (eg, superannuation, termination,
long-service leave, workers’ compensation, recruitment costs),
cleaning, linen and food services and depreciation costs.?

For patients treated for an injury-related period of care at
a private hospital, the average daily public hospital AR-DRG
costs were used as estimates of injury treatment cost. The calcu-
lation of costs excluded 2years of hospitalisations in the ACT
and in Tasmania (ie, 2002-2003 and 2003-2004). All costs are
in 2009-2010 Australian dollars and this was equivalent to an
average exchange rate of US$0.90.%!

Data management and analysis

All analyses were performed using SAS V.9.4.2% All hospital
episodes of care related to the one injury were linked to
form a period of care (ie, all episodes of care related to an
injury until discharge from the health system). Denominator
data for the number of children aged 16 years or less were
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Table 1 Characteristics of children aged <16 years with an injury-related hospitalisation by gender, linked hospitalisation and mortality data,

Australia, 1 July 2002 to 30 June 2012

Males Females Total*
(n=436865) (n=249536) (n=686409)
n % n % n %
Age group (years)t
<1 13105 3.0 10672 43 23777 35
1-5 122965 28.1 88813 35.6 211781 30.9
6-10 101814 233 67823 27.2 169638 24.7
11-16 198980 455 82228 33.0 281212 41.0
Jurisdiction hospitalised+
Australian Capital Territory 5917 1.4 3080 1.2 8997 1.3
New South Wales 144219 33.0 79391 31.8 223616 32.6
Northern Territory 6875 1.6 4193 1.7 11070 1.6
Queensland 112324 25.7 64661 25.9 176985 25.8
South Australia 29776 6.8 18259 73 48035 7.0
Tasmania 7241 1.7 4470 1.8 MM 1.7
Victoria 82564 18.9 48139 19.3 130703 19.0
Western Australia 47949 11.0 27343 11.0 75292 11.0
Number of health conditions
No child health conditions 417934 95.7 232150 93.0 650091 94.7
One child health condition 16422 3.8 14530 5.8 30953 4.5
>Two child health conditions 2509 0.6 2856 1.1 5365 0.8
Location of residence
Urban 305744 70.0 174959 70.1 480705 70.0
Regional/remote 128115 293 72748 29.2 200869 293
Not known 3006 0.7 1829 0.7 4835 0.7
Injury severity
Minor (ICIS$<0.99) 263459 60.3 156650 62.8 420111 61.2
Moderate (ICISS 0.942-0.99) 141287 32.3 77351 31.0 218641 31.9
Serious (ICIS5<0.942) 32119 7.4 15535 6.2 47656 6.9

*Gender missing for eight children.
tAge missing for one child.

tData only available from Australian Capital Territory from 1 July 2004 and Victorian child injury hospitalisations likely to include up to an additional 3975 hospitalisations per

year.
ICISS, International Classification of Disease ISS.

obtained from the Australian Bureau of Statistics popula-
tion estimates for each jurisdiction. Age-standardised inci-
dence rates were calculated using PROC STDRATE using
the estimated Australian residential population at 30 June
2001 as the standard population. Negative binomial regres-
sion was used to examine change in temporal trends in the
incidence of injury hospitalisation.

Thirty-day mortality was calculated from the date of admission
of the first injury hospitalisation. The Cochran-Armitage trend test
was used to examine the trend for unadjusted 30-day mortality.
Cox proportional hazard regression was used to examine the
effect of risk factors on survival at 30 days following hospitalisa-
tion. Variables were initially examined using univariate analyses
and if significant at 0.25 were entered into a multivariable model.
The variables included were: age group, gender, number of health
conditions (ie, 0, 1+), injury severity (ie, minor, moderate, serious),
injury mechanism, location of residence and principal injury type.
A backwards stepwise regression sequentially eliminated factors
from the multivariable model that did not significantly contribute
to mortality risk at 0.15. HR and 95% CI were calculated.

RESULTS

Between 1 July 2002 and 30 June 2012, there were
686409 index injury-related hospitalisations for children
aged 16 years or less in Australia. The age-standardised

injury hospitalisation rate (excluding ACT) was 1489 per
100000 population (95% CI 1485.3 to 1492.4) and there
was no significant decrease over time (p=0.8) (—0.1%
per year; 95% CI —1.10 to 0.89) (figure 1). The esti-
mated total hospital treatment cost for injured children
was$A2.1billion over the 10-year period. Annually, hospital
treatment cost an estimated $A212 million, with a mean
cost per injured child of $A3119 (median $A1262). Fall-re-
lated injuries ($A638 million) and transport-related injuries
($A504 million) were the costliest injury mechanisms.

Males accounted for just less than two-thirds (63.6%) of
hospitalisations. New South Wales (32.6%) and Queensland
(25.8%) accounted for over half of all hospitalisations, and
70.0% of children resided in urban Australia. Just under
two-thirds of all injuries were minor (table 1). Fall-related
injuries accounted for half the hospitalisations of children
aged 6-10 years (50.4%). Injuries from inanimate mechan-
ical forces (such as getting struck by or striking against
objects) were common for children aged 0-5 years (22.3%).
Road transport injuries were most common for children
aged 11-16 years (17.8%). Injuries from intentional self-
harm were most common for children aged 11-16 years
(6.4%) (figure 2).

The unadjusted 30-day mortality rate rose over the
periods examined from 0.13% in 2002-2003 to 0.19% in
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Injury mechanism for injury-related hospitalisations of children aged <16 years by age group, linked hospitalisation and mortality data,

Australia, 1 July 2002 to 30 June 2012. Data only available from Australian Capital Territory from 1 July 2004 and age was missing for one child.

2011-2012 (p<0.0001) (see online supplementary figure
1), but there was no significant difference in the adjusted
HRs for 30-day mortality across the 10-year period
(figure 3). The multivariable Cox regression model iden-
tified that younger children (ie, aged 10 years or less) had
a higher mortality risk within 30 days compared with chil-
dren aged 11-16 years. Moderately and severely injured
children had a higher risk of mortality compared with
children with minor injuries. Children injured in transport
incidents, following drowning and submersion or other
threats to breathing, and those injured as a result of inten-
tional self-harm had a higher risk of mortality compared
with other and unspecified injury mechanisms. Children
who lived in regional/remote Australia had a higher risk
of mortality compared with children who resided in urban
areas. Children who sustained a head or thorax injury had
a higher risk of mortality compared with children who
sustained other injuries (table 2).

DISCUSSION

During 2002-2003 to 2011-2012, there were 686409
injury hospitalisations of children aged 16 years or less in
Australia. There was no significant decrease in the injury
hospitalisation rate for children over the 10-year period. As
injury prevention has been a national public health priority
area in Australia for 30 years,*? it is disappointing that there

has been no apparent reduction in child injury hospitalisa-
tions. WHO has continued to promote the need for the
implementation of child injury prevention strategies.'’ In
Australia, the national injury prevention strategy expired
in 2014.?* With injury continuing to represent a substantial
burden to the Australian community,” the development of
a national injury prevention strategy is long overdue.

The total hospital cost of injury hospital admissions of chil-
dren in Australia was estimated to be $A2.1billion for the
10-year period. The total cost is underestimated as costs were
not able to be calculated for a 2-year period in Tasmania and
the ACT and 20.4% of Victorian child injury hospitalisations
were not able to be included in the cost calculations. Falls
and transport-related injuries represented the costliest injury
mechanisms for children, as had been found in previous studies
examining the cost of hospitalised injury for children.*®?’

Overall, 63.6% of the injury hospital admissions were of
young males. Males are known to have a higher rate of injury
hospitalisations than females, which is likely to be as a conse-
quence of their higher risk taking.”® The three most common
injury mechanisms for child injury hospitalisation were falls,
injuries due to inanimate mechanical forces (such as being
struck by/striking against objects), and injuries as a result of
road transport-related incidents. These injury mechanisms
have also been identified as the most frequent for children in
other countries.**’
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Figure 3 Adjusted hazard ratios (HRs) for 30-day mortality following injury hospitalisations of children aged <16 years by financial year,

linked hospitalisation and mortality data, Australia, 1 July 2002 to 30 June 2012. Data only available from Australian Capital Territory from 1 July
2004. Adjusted for age group, gender, health condition (ie, Y/N), injury mechanism, principal injury type, injury severity (ie, minor, moderate, serious),
urban-regional/remote residence and financial year. Referent year: 2002-2003.

Factors associated with a higher risk of 30-day
mortality after the injury hospitalisation were the child
was aged <10 years, severe injury, injured in a transport
incident or following drowning and submersion or other
threats to breathing, regional/remote residence and a head
injury. Road trauma represents some of the most severe
injuries seen for children in Australian hospitals,®® so it
is not surprising that road transport crashes had a higher
risk of mortality. Neither is it surprising that drowning and
submersion was associated with a higher risk of mortality,
with the longer the child has been submerged in water, the
poorer the prognosis for recovery.®! In terms of residential
location, children living in regional/remote Australia can
also be exposed to occupational hazards, as their home and
play area can often be a workplace, and head injury has
long been identified as a common cause of injury mortality
in children.?

While injury hospitalisations represent one piece of the
child injury burden in Australia, there are many more chil-
dren who present to emergency departments and general
practitioner surgeries for treatment. During the 10-year
period examined, there were also 1759 injury deaths
of children aged 16 years or less in Australia,®® some of
which are captured by this study, if the child was admitted
to hospital prior to death. Many of the serious injuries
sustained by children can have long-term implications for
ongoing care and treatment, affecting the child’s health-re-
lated quality of life and also posing stress on caregivers
and other family members.® Having timely and accurate
information on child injury hospitalisations is essential to
monitor temporal trends in childhood injury and in eval-
uating the impact of injury prevention initiatives.'® The
Australian national trauma registry will go some way to
addressing this; however, funding is not secured past 2020,
and, the registry captures only the acute hospitalisation

information of those children who are most severely
injured and treated at one of Australia’s 27 major trauma
centres (which equates to approximately half of Australia’s
children hospitalised with an injury).

There were several limitations of the research. Not having
information on injury-related hospitalisations in the ACT
prior to 1 July 2004 and that 20.4% Victoria records (up to
3975 child injury hospitalisations per year) were not able to
be linked has resulted in underenumeration of injury hospi-
talisations and treatment costs involving children in Australia.
Only health conditions relevant to the hospital episode of
care are reported in each record, so it is possible that health
conditions experienced by children are underenumerated.
The cost estimation only included hospital costs, so will
underestimate personal (eg, lost parental earnings), societal
and other non-hospital treatment costs. When using record
linkage techniques to link hospitalisation and mortality
records, there is likely to be some degree of error in the data
linkage process. The logistics of obtaining access to the linked
hospitalisation and mortality records was time consuming. In
total, this study took 4 years to complete, somewhat compro-
mising the timeliness of the findings, but nonetheless this is
the most comprehensive examination of child injury hospi-
talisations and health outcomes in Australia across a 10-year
period.

CONCLUSION

Childhood injury is preventable. Child injury hospitalisa-
tion rates have not decreased over a 10-year period and
child injury remains a costly public health issue in Australia.
Therefore, reducing hospitalised childhood injury remains a
national priority. The development of a national multisecto-
rial childhood injury prevention strategy in Australia is long
overdue.
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Table 2 Multivariable predictors of mortality at 30 days following
an injury hospitalisation for children aged <16 years, linked
hospitalisation and mortality data, Australia, 1 July 2002 to 30 June
2012

30days
Characteristics* HR 95%Cl
Gendert
Male 1
Female 1.16 1.00 to 1.34***
Age group (years)t
0-5 2.02 1.66 to 2.46*
6-10 1.28 1.01to 1.64***
11-16 1
Number of health conditions
None 1
One or more 0.70 0.57 t0 0.86*
Injury severity
Minor (ICISS<0.99) 1
Moderate (ICISS 0.942-0.99) 2.61 1.58 to 4.32*
Serious (ICISS<0.942) 57.51 36.60 t0 90.36*
Injury mechanism
Transport incidents 2.42 1.74 10 3.37*
Falls 0.45 0.30 to 0.67*
Inanimate mechanical forces 1.05 0.71 to 1.56
Animate mechanical forces 0.70 0.36 to 1.36
Drowning and submersion or other threats
to breathing 3.06 2.30to 4.06*
Poisoning 1.02 0.52 to 2.00
Intentional self-harm 5.00 3.411t07.33*
Assault 0.98 0.61to 1.58

Other and unspecified injury mechanism 1
Location of residence

Urban 1

Regional/remote 1.16 1.00 to 1.35%**

Not known 1.78 1.02 to 3.10***
Principal injury type

Head 1.54 1.14102.08**

Neck 0.94 0.53 to 1.66

Thorax 1.65 1.03t0 2.64***

Abdomen, lower back, lumbar spine and

pelvis 0.59 0.37 t0 0.92***

Upper extremities 0.19 0.09 to 0.40*

Lower extremities 0.14 0.06 to 0.28*

Other injuries 1

*Data only available from Australian Capital Territory from 1 July 2004.

t Gender missing for eight children.

+Age missing for one child.

§Other injuries include: injuries involving multiple body regions, injuries to
unspecified parts of trunk, limb or body region, effects of foreign bodies, burns,
frosthite, poisoning, complications of trauma and other and unspecified injuries.
*p<0.0001; **p<0.01; ***p<0.05.
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What is already known on the subject?

» Injury is one of the leading causes of death and
hospitalisation for children.
» The impact of childhood injury can be life changing.
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What this study adds?

» Child injury hospitalisation rates have not reduced over a 10-
year period in Australia.

» Over a 10-year period, child injury hospitalisations cost
$A2.1 billion.

» Development of a national multisectorial childhood injury
monitoring and prevention strategy in Australia is long
overdue.
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