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Article history: Background: Trauma centres and systems have been associated with improved morbidity and mortality

Accepted 5 September 2018 after injury. However, variability in outcomes across centres within a given system have been
demonstrated. Performance improvement initiatives, that utilize external benchmarking as the

Keywords: backbone, have demonstrated system-wide improvements in outcomes. This data driven approach

Trauma systems has been lacking in Australia to date. Recent improvement in local data quality may provide the

External benchmarking opportunity to engage in data driven performance improvement. Our objective was to generate risk-

Performance improvement adjusted outcomes for the purpose of external benchmarking of trauma services in New South Wales

(NSW) based on existing data standards.
Methods: Retrospective cohort study of the NSW Trauma Registry. We included adults (>16 years), with
an Injury Severity Score >12, that received definitive care at either Major Trauma Services (MTS) or
Regional Trauma Services (RTS) between 2012-2016. Hierarchical logistic regression models were then
used to generate risk-adjusted outcomes. Our outcome measure was in-hospital death. Demographics,
vital signs, transfer status, survival risk ratios, and injury characteristics were included as fixed-effects.
Median odds ratios (MOR) and centre-specific odds ratios with 95% confidence intervals were generated.
Centre-level variables were explored as sources of variability in outcomes.
Results: 14,452 patients received definitive care at one of seven MTS (n=12,547) or ten RTS (n=1905).
Unadjusted mortality was lower at MTS (9.4%) compared to RTS (11.2%). After adjusting for case-mix, the
MOR was 1.33, suggesting that the odds of death was 1.33-fold greater if a patient was admitted to a
randomly selected centre with worse as opposed to better risk-adjusted mortality. Definitive care at an
MTS was associated with a 41% lower likelihood of death compared to definitive care at an RTS (OR 0.59
95%CI 0.35-0.97). Similar findings were present in the elderly and isolated severe brain injury subgroups.
Conclusions: The NSW trauma system exhibited variability in risk-adjusted outcomes that did not appear
to be explained by case-mix. A better understanding of the drivers of the described variation in outcomes
is crucial to design targeted locally-relevant quality improvement interventions.
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Introduction care and rehabilitation. Integral parts of trauma systems include
ambulance and medical retrieval protocols as well as the

Trauma systems were established to ensure injured patients designation of specific hospitals as trauma centres. Trauma centres
receive timely access to life saving interventions as well as ongoing and trauma systems have been associated with improved
morbidity and mortality after injury [1,2]. However, improved
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trauma centres leads to increased experience, improved interdis-
ciplinary communication, development of standardized processes
of care, and improved critical care delivery. Nonetheless, variability
in outcomes across centres within a given trauma system have
been repeatedly demonstrated [3-5].

Even within the same system, not all trauma centres are created
equal. Based on a centre’s geographic location, patient-mix across
centres can vary to a great extent. A centre’s proportion of patients
with penetrating injuries, elderly patients with falls, or blunt
multisystem injuries can lead to differing expertise, protocols of
care, and culture. Understanding the strengths and weaknesses of
different centres is instrumental in order to properly evaluate the
variability in outcomes within a system.

Performance improvement initiatives are at the forefront of
trauma system evaluation. These initiatives have evolved from
comparing outcomes at the same institution over time (i.e. internal
benchmarking) to comparing risk-adjusted outcomes across
trauma centres (i.e. external benchmarking). Initiatives that utilize
external benchmarking, as the backbone of system-wide perfor-
mance improvement, have demonstrated system-wide reductions
in morbidity and mortality [6,7]. External benchmarking allows for
the identification of centres in which patients experience out-
comes that are either above or below what would be expected after
risk-adjustment. This allows for the identification and dissemina-
tion of resources and best practices that have been proven to be
effective within the system. However, external benchmarking is
highly dependent on valid, reliable, and standardized data.

Over the past 10 years, the evaluation of trauma system
performance in Australia has undergoing a rapid evolution. The
Australian Trauma Quality Improvement Program (AusTQIP) has
produced two reports to date with 25 trauma centres participating
nation-wide [8]. It is a treasure trove of injury epidemiology data.
However, no attempts at external benchmarking were carried out
on the most recent report. At the state level, the New South Wales
(NSW) Institute of Trauma and Injury Management (ITIM)
produces yearly reports that provide extensive injury epidemiolo-
gy data as well as unadjusted trauma centre outcomes. Only
standardized mortality ratios based on injury severity score and
age are currently provided [9]. External benchmarking efforts have
been limited to date by issues with data quality, primarily missing
vital sign data.

The NSW trauma registry was established by ITIM in 2002.
However, it was not until 2006 when initial attempts at the
creation of a single standardized data set were launched. By 2009 a
comprehensive state-wide trauma registry had been developed.
Standardized data dictionaries, minimum data sets, and the use of
a single software platform to collect data has significantly
improved data quality [10]. However, missingness of vital sign
data remained a significant issue. These recent improvements in
data quality provide the opportunity to generate sophisticated
risk-adjusted outcomes.

Our objective was to generate risk-adjusted outcomes for the
purpose of external benchmarking of trauma services based on
locally existing data collection standards. Secondary objectives
included the evaluation of data quality, as well as evaluation of
overall and subgroup risk-adjusted mortality with the purpose of
guiding future performance improvement initiatives.

Methods
Setting

The NSW trauma system is based on an inclusive system of
hospitals designated to provide care based on injury severity,

resources, and expertise. The system consists of seven Major
Trauma Services (MTS), three Paediatric MTS (PTS), and ten

Regional Trauma Services (RTS). MTS are equivalent to level I
trauma centres as defined by the American College of Surgeons
(ACS), and possess the depth of resources and personnel required
to provide definitive care to severely injured patients [11]. MTS are
regional resources and act as the cornerstone of the system. An RTS
provides initial assessment, stabilization, and initiates transfer to
MTS if required. Each RTS has a designated MTS for referral and
support. RTS can provide definitive care to patients with minor to
moderate injuries as well as definitive care to a limited number of
severely injured patients in collaboration with the MTS. For the
most part, an RTS is equivalent to a level IIl trauma centre as
defined by the ACS.

State-wide prehospital triage criteria state that patients
meeting major trauma criteria should be transported to the
highest level Trauma Service located within a 60 min travel time
from the scene, even if this means bypassing closer hospitals and/
or an RTS [12].

Data sources

Data were derived from the NSW trauma registry which
contains demographic, injury, and outcome data on patients
admitted to a trauma service after major trauma. In the registry,
major trauma is defined by an Injury Severity Score (ISS) >12,
admission to an intensive care unit or death in hospital following
injury [10]. The registry is compiled by the Institute of Trauma and
Injury Management. Data was provided in a fully de-identified
manner. This project was approved by the Hunter New England
ethics and governance office. No external funding was required. All
authors had full access to data, statistical reports, and tables, prior
to drafting the manuscript.

Patient selection

We focused on adult patients (>16 years), with moderate to
severe injuries (ISS>12), who received definitive care at either an
MTS or RTS after mechanical injuries. Patients admitted after
poisoning, suffocation, drowning, overexertion, environmental
causes, and burns were excluded. Patients without signs of life on
arrival (heart rate=0, systolic blood pressure=0 and Glasgow
Coma Scale = 3) were also excluded [13]. Patients with isolated hip
fractures are not included in our study population. Patients
transferred from RTS to MTS were only analysed as MTS patients.

Data quality

The overall dataset as well as the study population derived after
applying the inclusion and exclusion criteria was evaluated. Only
the variables deemed relevant to mortality risk-adjustment were
evaluated (i.e. demographic, vital signs, injury characteristics,
outcome status) for completeness and out of range values. Changes
in data quality over time were also assessed and were used to guide
the study period for which risk-adjusted outcomes would be
evaluated.

Risk-adjusted outcomes

The main outcome measure was in-hospital death. Given the
nested structure of the data, hierarchical logistic regression models
were used [14]. Patients were treated as the lower level units
which were nested within each centre (higher level units). To
adjust for possible differences in case-mix across centres, age,
gender, mechanism, systolic blood pressure, heart rate, Glasgow
Coma Scale, and transfer status were included in the model as fixed
effects. Centres were included in the model as random effects.
Survival risk ratios (SRR) based on Abbreviated Injury Scale (AIS)
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scores were calculated for each patient and included as a fixed
effect. ASRR is defined as the number of patients who survived the
AlS-coded injury divided by the total number of patients who
sustained the same injury. It is a database-specific point estimate
of survival which has been shown to further explain variance and
offer better discrimination compared with other injury scoring
systems [15]. A traditional worst-injury approach to calculating
SRRs was used.

Risk-adjusted outcomes were expressed as a centre-specific
risk-adjusted odds ratio (OR) of death with 95% confidence
intervals. Trauma centre odds ratios were derived from shrinkage
estimates of random effects. A patient that receives care at a centre
has a significantly lower than expected mortality if the upper limit
of its 95% Cl is <1. If the lower limit of the 95% Cl is >1, the centre
has a significantly higher odds of death compared to the overall
average.

In order to quantify the variability in risk-adjusted mortality
across centres, independent of patient factors, we calculated the
median odds ratio (MOR). It is defined as the median value of the
OR between the centre with the highest compared to the centre
with the lowest likelihood of death [16]. It can be interpreted as the
excess likelihood of in-patient mortality associated with the same
patient receiving care at any centre with worse risk-adjusted
mortality. The MOR always has a value of 1 or more because it
compares a higher- with a lower-ranked centre.

An additional hierarchical model was generated in order to
explore the centre characteristics that might contribute to risk-
adjusted differences in outcomes. Centre-type (e.g. MTS vs. RTS)
and patient volume (i.e. quartiles) were explored and included in
the model as additional fixed effects.

Subgroup risk adjusted outcomes

Patients with moderate to severe injuries are quite heteroge-
neous and may pose distinct challenges which require different
resources and expertise. For this reason, the overall cohort was
divided into sub-groups for which specific risk-adjusted outcomes
were generated: i) polytrauma (i.e. severe multisystem blunt
injuries): blunt mechanism of injury and AIS>3 in =>2 body
regions; ii) elderly patients: >65 years with any mechanism; and iii)
isolated severe traumatic brain injury: head AIS > 3, Glasgow Coma
Scale<9, and AIS <2 in all other body regions. Patient sub-groups
were not mutually exclusive. The methodology mirrored that of the
overall cohort. Patient subgroups were chosen based on clinical
differences and not results of significance testing.

Statistical analysis

Medians and interquartile ranges were calculated for continu-
ous variables, and absolute and relative frequencies were used to
summarize discrete variables. Proportions were compared using
the chi [2] test, medians were compared using non-parametric
tests. We elected to use multiple imputation to address missing
values for heart rate (7%), systolic blood pressure (7%) and GCS (8%)

(Appendix A - statistical analysis). We believe this is a better
approach than discarding patients with missing data or using a
missing indicator given the low proportion of missing data as well
as the relatively large sample size. In addition, this allows for the
appropriate use of vital signs as continuous variables in the model
[17,18].

Model performance and calibration was evaluated across all
models using the C-statistic, the Hosmer Lemeshow test, and
observed-versus-predicted outcome plots (Appendix A - statistical
analysis). In all analyses, a 2-sided p <0.05 was considered
significant. All data were analysed using SAS software (v. 9.4, SAS
Institute, Cary, NC).

Results
Data quality

Prior to applying inclusion and exclusion criteria we identified
23,407 injured patients that received care at either an MTS
(n=17,895), RTS (n=4456), or PTS (n=1056). Non-vital sign
variables were missing in <0.2% of patients. There were no out
of range values. However, vital sign data was missing at much
higher rates with differences in the proportion of missing data
identified across centre-types (Table 1). The proportion of missing
data significantly decreased over time, with vital sign data missing
in 5% of patients in 2016. Given the high rate of missing vital sign
data in 2011, we limited our subsequent analysis to patients that
received care between January of 2012 and December of 2016.
Furthermore, given that the motor component of the Glasgow
Coma Scale was missing in over 10% of patients for the duration of
the study period we elected to use the Glasgow Coma Scale instead.

Study population

After applying inclusion and exclusion criteria we identified
14,452 moderately to severely injured adult patients whom
received definitive care at one of seven MTS (n=12,547) or one
of ten RTS (n=1905) (Fig. 1). MTS volume ranged from 874 to 2689
while RTS volume ranged from 101 to 347 patients. On average,
there was a 5% increase in the yearly number of patients. The
proportion of patients that received definitive care at RTS did not
change over time (p=0.07).

Most patients were male (72%), mean age was 55 (SD 22.5),
most were injured either after a fall (46%) or motor vehicle collision
(43%), and the median ISS was 17 (IQR 14-25). Overall unadjusted
in-hospital mortality was 10% (n=1390). There were major
differences in the volume and characteristics of patients that
received definitive care at MTS compared to those at RTS.

There were differences in patient as well as injury character-
istics when comparing those that received definitive care at RTS
and MTS. Patients at RTS were older and less likely to be transferred
from another hospital. Patients at RTS were less severely injured as
evidenced by lower median injury severity scores. Over one third
of patients at RTS [37%, n=7060] had isolated severe chest injuries

Table 1
Proportion of missing data.
Missing data
Overall (n=23,407) MTS (n=17,895) RTS (n=4456) PTS (n=1056) 2011 (n=3518) 2016 (n=4071)
GCS 2,979 (13) 2013 (11) 708 (16) 258 (24) 1052 (30) 222 (5)
mGCS 5,949 (25) 4314 (24) 1357 (30) 278 (26) 1669 (47) 504 (12)
Heart rate 2,569 (11) 1967 (11) 423 (9) 179 (17) 977 (28) 133 (5)
Systolic blood pressure 2,780 (12) 2003 (11) 470 (11) 307 (29) 1021 (29) 155 (4)

MTS: Major Trauma Service, RTS: Regional Trauma Service, PTS: Paediatric Trauma Service; GCS: Glasgow Coma Scale; mGCS: motor component of the Glasgow Coma Scale.
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Fig. 1. Patient selection.

(AIS=>3 in the chest and AIS=<2 in all other body regions).
However, 1 out of every 5 patients that received definitive care at
RTS had an ISS >25 compared to 1 out of 3 at MTS. Finally, there was
a lower proportion of patients who presented with a systolic blood
pressure in the emergency department lower or equal to 90 mmHg
at RTS compared to MTS (Table 2).

Overall risk-adjusted outcomes

Unadjusted in-hospital death was lower at MTS compared to
RTS (Table 3).In addition, a greater degree of unadjusted variability
in the range of in-hospital death was observed across RTS (6-20%)
compared to MTS (7-12%). Given the observed univariate

Table 2
Patient characteristics across centre type.
MTS (n=12,547) RTS p value
(n=1905)
Age, mean (SD) 54.5 (22.6) 57.8 (21.9) <0.001
Elderly (> 65 years) 4691 (37) 793 (42) <0.001
Male gender 9,009 (72) 1387 (73) 0.36
Mechanism <0.001
Fall 5,875 (47) 787 (41)
Motor vehicle collision 5,270 (42) 914 (48)
Other blunt 666 (5) 102 (5)
Gunshot wound 82 (1) 7 (1)
Stab wound 353 (3) 65 (3)
Other 301 (2) 30 (2)
Transfer from another hospital 3,134 (25) 384 (20) <0.001
Injury Severity Score, median (IQR) 17 (16-25) 17 (14-22) <0.001
Injury Severity Score 12-15 2967 (24) 651 (34)
Injury Severity Score 16-24 5730 (46) 866 (45)
Injury Severity Score 25-47 3601 (29) 372 (20)
Injury Severity Score 48-75 249 (2) 16 (1)
Severe injury by body region (AIS=>3)
Head 6027 (48) 662 (35) <0.001
Face 285 (2) 21 (1) 0.001
Neck 139 (1) 8 (1) 0.005
Chest 4654 (37) 919 (48) <0.001
Abdomen 1024 (8) 205 (11) <0.001
Spine 1867 (15) 174 (9) <0.001
Upper extremity 216 (2) 24 (1) 0.14
Lower extremity 1,998 (16) 201 (11) <0.001
Heart rate in emergency department <0.001
0-60 bpm 1124 (9) 150 (8)
61-90 bpm 6929 (55) 1129 (59)
91-109 bpm 2809 (22) 401 (21)
>110 bpm 1,685 (13) 225 (12)
§stolic blood pressure in emergency department 0.04
0-60 mmHg 120 (1) 17 (1)
61-90 mmHg 573 (5) 65 (3)
91-110 mmHg 1310 (10) 176 (9)
>110 mmHg 10,544 (84) 1647 (86)
Glasgow Coma Scale in emergency department <0.001
13-15 9455 (75) 1571 (82)
10-12 829 (7) 146 (8)
3-9 2253 (18) 188 (10)

All data presented as n (%). MTS: Major Trauma Service; RTS: Regional Trauma Service; AIS: Abbreviated Injury Scale score.
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differences in case-mix and variability in outcomes, risk-adjusted
outcomes were evaluated.

After adjusting for patient-level variables, the overall MOR was
1.33, suggesting that the odds of in-hospital death was 1.33-fold
greater if the same patient was admitted to a randomly selected
centre with worse risk-adjusted mortality as opposed to a centre
with better risk-adjusted mortality. In addition, three centres were
identified as having significantly lower risk-adjusted mortality
compared to the overall average, all were MTS (Fig. 2).

Centre characteristics were then used to explore the variability
in centre outcomes. After adjustment, definitive care at an MTS
was associated with a 41% lower likelihood of in-hospital death
compared to definitive care at an RTS (OR 0.59 95%CI 0.35-0.97).
There was no association between centre volume quartile and risk
adjusted outcomes.

Subgroup risk-adjusted outcomes

Similarly to the overall cohort, unadjusted in-hospital mortality
was lower and time to death was longer across most patient
subgroups when comparing MTS to RTS (Table 3). After adjusting
for case-mix, definitive care at MTS was consistently associated
with a lower likelihood of in-hospital death compared to RTS
across the isolated severe brain injury and elderly subgroups
(Fig. 3).

Discussion

The NSW Trauma system represents a complex system of
designated trauma centres acting as hubs for rural and regional
referral networks covering large areas. The generation of risk-
adjusted outcomes for the purpose of external benchmarking of
trauma services was considered an important step towards data-
driven trauma system improvement.

This study has three main findings. First, current data collection
standards across trauma services in NSW are of sufficient quality to
produce risk-adjusted outcomes. Similar rates of missing data
(<0.5%) were reported by the National Trauma Data Bank of the

Table 3
Overall and subcohort unadjusted outcomes across centre type.
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Fig. 2. Overall risk-adjusted outcomes across centre type.

Each diamond represents an individual centre’s risk-adjusted odds ratio of in-
hospital death with bars representing the 95% confidence interval. Centres in blue
are Major Trauma Services while centres in red are Regional Trauma Services.

ACS, the largest repository of injured patient data [19]. In addition,
data quality has improved over time with most vital sign variables
reported in 2016 missing in <5% of patients. Improved data quality
and the use of multiple imputation allowed the incorporation of
heart rate, systolic blood pressure, and Glasgow Coma Scale as
covariates in the risk-adjustment model which are considered
essential in other trauma risk-adjustment strategies [20]. Previous
attempts at evaluating the NSW trauma system have been limited
by the lack of inclusion of vital sign variables in risk adjustment
[21]. In addition, acknowledging the nested structure of the data as
well as the local context of low volume centres through the use of
hierarchical models, provides a more stable estimates that will not
penalize low volume centres. Complete data coupled with valid
risk-adjustment strategies are the foundations of a successful
performance improvement initiative.

MTS RTS p value

Overall

Sample size 12,547 1905

Unadjusted in-hospital mortality 1171 (9) 217 (11) 0.005

Time to death in days, median (IQR) 3(1-8) 2 (1-4) <0.001

Unadjusted centre in-hospital mortality, range in % 7-12% 6-20% <0.001
Injury Severity Score > 15

Sample size 9580 1254

Unadjusted in-hospital mortality 1112 (12) 211 (17) <0.001

Time to death in days, median (IQR) 2(1-7) 2 (1-4) <0.001

Unadjusted centre in-hospital mortality, range in % 7-14% 10-28% <0.001
Polytrauma (blunt mechanism and AIS=>3 in at least two body regions)

Sample size 2876 274

Unadjusted in-hospital mortality 375 (13) 35 (13) 0.9

Time to death in days, median (IQR) 2(1-7) 1(1-3) 0.06

Unadjusted centre in-hospital mortality, range in % 9-15% 5-25% 0.26
Isolated severe head injury (head AIS=>3, AIS=<2 in all other body regions, and GCS =<9)

Sample size 971 109

Unadjusted in-hospital mortality 343 (35) 79 (72) <0.001

Time to death in days, median (IQR) 1(1-4) 1(1-2) 0.11

Unadjusted centre in-hospital mortality, range in % 28-53% 33-100% <0.001
Elderly injured (=>65 years)

Sample size 4691 763

Unadjusted in-hospital mortality 789 (17) 169 (21) 0.002

Time to death in days, median (IQR) 3(1-8) 2 (1-5) 0.008

Unadjusted centre in-hospital mortality, range in % 13-21% 28-53% <0.001

All data presented as n (%) unless otherwise specified. MTS: Major Trauma Service; RTS: Regional Trauma Service; IQR: interquartile range.
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Fig. 3. Subcohort risk-adjusted outcomes across centre type.
Each diamond represents an individual centre’s risk-adjusted odds ratio of in-hospital death with bars representing the 95% confidence interval. Centres in blue are Major
Trauma Services (MTS) while centres in red are Regional Trauma Services (RTS). MOR: Median Odds Ratio.

Second, unadjusted mortality after moderate to severe injury in centre with worse risk-adjusted outcomes (MOR 1.33). In other
NSW is in-line with other mature trauma systems [22-25]. words, to a moderate extent, a patient’s likelihood of death was
However, after risk-adjustment, we identified a median 33% associated with the centre at which definitive care was received. It
increased odds of death if the same patient received care at a suggests a moderate degree of heterogeneity between centres that
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was unexplained by patient factors. However, the type of centre at
which patients received definitive care was associated with their
outcomes. Definitive care at MTS was associated with a 41% lower
likelihood of death compared to RTS, even after taking into account
case-mix and centre-volume. This finding implies that even though
there is variability in outcomes within the MTS group as well as
within the RTS group as evident in the caterpillar plot, definitive
care at an MTS overall is associated with a lower likelihood of death
compared to an RTS.

Third, care at an MTS, as in the overall cohort, was consistently
associated with a lower likelihood of death across the isolated
severe brain injury and elderly subgroups. Although a degree of
variation would be expected given the range in facilities involved,
the degree of variability in risk-adjusted outcomes identified may
also be an indication of unwarranted variation due to resourcing,
clinical practice, and models of care.

These findings assist with ongoing Australia-wide efforts to
benchmark trauma system performance and improve the care of
severely injured patients [8]. It is important to note that external
benchmarking is only the backbone of what should be a
multipronged approach at performance improvement. Risk-
adjusted outcomes must be analysed within the larger context
of associated variations in structures and processes of care across
centres. A better understanding of the drivers of the described
variation in outcomes is crucial to design targeted locally-relevant
quality improvement interventions. The obvious next step would
be an attempt towards delineating the underlying causes of this
variation. Efforts towards the collection of consensus derived
process indicators as well as the establishment of a clinical quality
registry comprising patient reported outcomes and experience
measures are currently underway at the state level. This data
driven approach has improved system-wide outcomes in the
National Surgical Quality Improvement Program of the ACS [6] and
in the Michigan trauma collaborative [7].

Some limitations must be taken into account when interpreting
our results. Patient factors that may influence outcomes and were
not captured in our risk-adjustment, include but are not limited to
prolonged discovery and transport times that are common in rural
and remote locations. The incorporation of vital signs and a
transfer flag into our risk-adjustment model should limit the
impact in our results. Pre-existing conditions that may influence
the likelihood of death after injury, as well as pre-existing medical
directives to withhold care, are not captured. The absence of these
variables may negatively impact centres with a higher proportion
of elderly patients. In addition, patients may have been deemed
non-salvageable and thus remained at RTS instead of undergoing
transfer to MTS. The trauma registry does not capture this
information. As a sensitivity analysis, we repeated the analysis
in the overall cohort after excluding patients with severe isolated
brain injury in order to limit the impact of non-salvageable brain
injured patients deemed not fit for transfer from RTS to MTS. The
MOR of the overall cohort decreased from 1.33 to 1.16 suggesting
that not all variability across centres is secondary to patients with
isolated severe brain injury. No centre was identified as having
lower or higher than expected risk-adjusted mortality, a finding
that must be interpreted with caution as sample size decreased by
over 1000 patients. However, definitive care at a MTS was still
associated with a 33% lower adjusted likelihood of death compared
to care at a RTS [OR 0.67 (95%C1 0.50-0.91)] after excluding patients
with severe isolated brain injury.

Conclusion
There was variability in risk-adjusted outcomes across the NSW

trauma system exhibited. Possible target for future study and
targeted interventions are the subgroups of patients with isolated

severe brain injuries and the elderly injured where significant
variability in outcomes was identified. The ongoing evaluation of
trauma system performance, as well as targeted interventions
derived from such analyses, are instrumental in the delivery of
high-quality care for injured patients.
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confidence intervals.
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Supplementary material related to this article can be found, in
the online version, at doi:https://doi.org/10.1016/j.injury.2018.0
9.037.
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