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Abstract

Background: Burn injuries are a common subtype of trauma. Variation in models of care
impacts clinical measures of interest, but a nation-wide examination of these measures has
not been undertaken. Using data from the Burns Registry of Australia and New Zealand
(BRANZ), we explored variation between Australian adult burn services with respect to
treatment and clinical measures of interest.
Methods: Data for admissions July 2016 to June 2020 were extracted. Clinical measures of
interest included intensive care admission, skin grafting, in-hospital death, unplanned
readmissions, and length of stay (LOS). Estimated probabilities, means, and corresponding
95% confidence intervals (CI) were calculated for each service.
Results: The BRANZ recorded 8365 admissions during the study period. Variation between
specialist burn services in admissions, demographics, management, and clinical measures of
interest were observed. This variation remained after accounting for covariates. Specifically, the
adjusted proportion (95% CI) of in-hospital mortality ranged from 0.15% (0.10–0.21%) to 1.22%
(0.9–1.5%). The adjusted mean LOS ranged from 3.8 (3.3–4.3) to 8.2 (6.7–9.7) days.
Conclusions: A decade after its launch, BRANZ data displays variation between
Australian specialist burn services. We suspect differences in models of care between ser-
vices contributes to this variation. Ongoing research has begun to explore reasons underly-
ing how this variation influences clinical measures of interest. Further engagement with
services about models of care will enhance understanding of this variation and develop
evidence-based guidelines for burn care in Australia.

Introduction

Burn injuries are a global health problem. The World Health Orga-

nization reported nearly 11 million people worldwide were burned

severely enough to require medical attention in 2004.1 More than

2500 people are admitted to an Australian specialist burn service

each year.2 Despite their relative scarcity in comparison to

hospitalisations for other injuries, burns are a complex subset of

trauma associated with high personal and financial costs.3 Many

patients require a protracted period of surgical, medical, physical,

and psychological rehabilitative measures that can span decades.3–5

Benchmarking clinical performance is becoming an increasingly

popular quality improvement tool in healthcare. Clinical quality

registries are a key contributor to this surge in popularity.6 A key
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component of benchmarking is comparing care providers against
their peers or a recommended standard. Multiple national and inter-
national burn registries exist.7–9 Despite the vast amount of research
relating to data held within these registries, there is limited research
focusing on variation in practice and benchmarking burn care.10–13

In 2016, Cleland and colleagues determined the variation
between participating services in the treatment of patients and spe-
cific in-hospital clinical measures of interest following the launch
of the Burns Registry of Australia and New Zealand (BRANZ).14

This provided an initial overview of variation in practice in
Australian and New Zealand burn care. However, the registry has
developed and expanded since then.15 Most importantly, all 17 spe-
cialist services now contribute data to the BRANZ. There has yet to
be an investigation of the patients and management approaches of
services since these data became available. The aim of our study
was to use the first four years of BRANZ data with all Australian
specialist adult burn services contributing, and to highlight specific
areas of practice where there is variation in practice between ser-
vices that may affect treatment efficacy.

Methods

Setting and participants

This study focused on the eight Australian specialist adult burn ser-
vices. Data for adult patients (≥16 years) registered by the BRANZ
and admitted July 2016–June 2020 were extracted. Patients treated
at a New Zealand burn service, patients with an unknown date of
injury, adult patients treated at a paediatric hospital, patients with
an inhalation injury but no cutaneous burn, patients deemed to have
non-survivable injures on arrival and treated with palliative intent,
and intersex patients or patients of indeterminate gender were
excluded.

Data management and analysis

Demographic, burn cause, injury severity, surgical management,
and in-hospital data were extracted. Data management details can
be found in Document S1. Data are presented by contributing burn
service. Summary statistics (frequencies and percentages for cate-
gorical variables, medians and interquartile ranges [IQR] for contin-
uous variables due to the skewed nature of the data) described
cases. Differences between patients at each service were assessed
using chi-square (categorical variables) or Kruskal Wallis tests
(continuous variables). Post hoc Dunn’s test of multiple compari-
sons and pairwise chi-square tests assessed differences between
individual services. Bonferroni corrections were applied to post hoc
tests to minimize the false positive rate.

Variation in practice between burn services was assessed with
multivariable, mixed-effects linear and logistic regression model-
ling. The contributing burn service was treated as a random effect
to account for the correlation between cases within each service.
The fixed effects were the covariates describing the difference in
the case mix between the contributing services known to affect the
clinical measures of interest. The selected covariates were: percent-
age total body surface area (TBSA) burned, maximum recorded
burn depth, age, gender, the presence of an inhalation injury, the

primary cause of the injury, and whether special body area
(i.e., face, hands, feet, or genitals/perineum) was affected. Mixed-
effects logistic regression modelling was used for intensive care
unit (ICU) admission, skin grafting, in-hospital mortality, and
unplanned readmissions due to complications. From these models,
adjusted proportions and 95% confidence intervals (CIs) for each
clinical measure of interest was calculated for each service. The
output of the regression models are presented in Tables S1–S6. Due
to the skewed nature of the data, hospital length of stay (LOS) and
LOS/TBSA burned data were logarithmically-transformed and
analysed with mixed effects linear regression. The adjusted mean
hospital LOS and LOS/TBSA for each service was calculated after
back-transformation. Pairwise differences in adjusted proportions
and means were assessed using one-way analyses of variance with
Bonferroni corrections. Pairwise comparison outputs are presented
in Tables S7–S29. Data manipulation and statistical analyses were
performed using Stata Version 14 (StataCorp, USA); p-values <
0.05 were statistically significant. Figure production details can be
found in Document S1. Ethics approval for the registry and study
was obtained from the Monash University Human Research Ethics
Committee (reference CF08/2431-2008001248). Readmission data
were not available for service A; this service is excluded from these
analyses.

Results

Patient profile

There were 8365 admissions meeting inclusion criteria (Fig. S1). A
description of the patient population and variation between services
can be found in Document S2. The rate of missing data for key
confounders and clinical measures of interest (including burn injury
cause, %TBSA, inhalation injury, skin grafting, and ICU admis-
sion) was very low (Table 1) and there was no clear pattern of mis-
singness between centres.

ICU admission

The ICU admission rate differed between services (3.9%–18.8%;
Table 1). Services E and H had greater proportion of patients admit-
ted to ICU compared to others, with E being greater than H. The
proportion of patients admitted to ICU increased over time for all
services except service C (Fig. S2a). Services E and H had a greater
adjusted proportion patients admitted to ICU (18.3%, 95% CI
16.6%–20.0% and 15.3%, 95% CI 14.0%–16.5%) compared to
other services (range 3.7%–9.9%; Fig. 1a), but E and H did not
differ.

Skin grafting

Most patients underwent a burn wound management procedure in
theatre (Table 1). Service F had a greater proportion of patients
undergoing a burn wound management procedure. Of the patients
taken to theatre, over two-thirds (69.9%) received a skin graft. The
proportion of patients receiving a skin graft varied between services
(13.7%–91.7%). Services C and F had a smaller proportion of
patients who received a skin graft compared to the others, with F
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being smaller than C. Skin grafting rates were consistent over time
(Fig. S2b). After accounting for confounding factors, services C
and F had a lower adjusted proportion of patients receiving a skin
graft compared to others, with F being smaller than C (Fig. 1b).

LOS

The median (IQR) LOS ranged from 2.3 (1.1–13.2) days to 7.6
(3.1–13.8) days (Table 1). Services G and H had longer median
hospital LOS compared to others. Within individual services, the
median LOS remained consistent over time (Fig. S2c). Service A
had a shorter adjusted mean LOS compared to services E and H
(Fig. 1c). The adjusted mean LOS did not vary substantially after
including ICU admission as an additional covariate (Fig. S3a).

LOS/TBSA burned

The median (IQR) LOS/TBSA burned ranged from 0.8 (0.4–2.0)
days to 1.8 (0.7–3.7) days (Table 1). Services A, B, C, G, and H
had greater LOS/TBSA compared to services D, E, and F. Within
individual services, the median LOS/TBSA burned remained con-
sistent over time (Fig. S2d). Service G had a greater adjusted mean
LOS/TBSA than all other services except for service B. Service B
had a greater adjusted mean LOS/TBSA compared to services C
and H (Fig. 1d). Service H had a smaller adjusted mean LOS/TBSA
compared to services D and E.

In-hospital mortality

Less than 1 % of patients died during their admission. All services
recorded at least one death (service-level mortality rate range
0.3–1.2%; Table 1). Annual in-hospital mortality rates varied over
time (Fig. S2e). Service H had a greater adjusted proportion of in-
hospital mortality compared to services A, C, and F (Fig. 1e). Ser-
vice E also had a greater adjusted proportion of in-hospital mortal-
ity compared to services A and C. The adjusted proportion of in-
hospital mortality did not vary substantially after including ICU
admission as an additional covariate (Fig. S3b).

Unplanned readmissions

Unplanned readmissions were rare, occurring in 2.3% of surviving
patients. The proportion of patients experiencing an unplanned
readmission ranged from 2.0% (service D) to 5.0% (service B); this
difference was not significant (Table 1). Year-by-year readmission
rates increased for services G and H (Fig. S2f). Service B had the
highest adjusted proportion of patients experiencing an unplanned
readmission (Fig. 1f). The adjusted proportion of unplanned
readmissions did not vary substantially after including ICU admis-
sion as an additional covariate (Fig. S3c).

Discussion

This study highlights the disparity between demographics, injury
characteristics, and clinical measures of interest of adult patients
treated at Australian burn services. However, the observed

Fig. 1. (a) Adjusted proportion of patients admitted to the intensive care unit (ICU); (b) adjusted proportion of patients undergoing skin grafting; (c) adjusted
mean length of stay (LOS), (d) adjusted mean LOS per percentage of total body surface area (TBSA) burned, (e) adjusted proportion of in-hospital mortality,
and (f) adjusted proportion of patients experiencing unplanned readmission. The letters A-H represent the eight Australian specialist burn services that treat
adult patients. Readmission data were not available for service a. Error bars represent 95% confidence intervals (CI). The red dotted line represents the
overall proportion/mean for the whole sample; the red shading represents the overall 95% CI. The adjusted proportions and means account for the random
effect of contributing burn service and the fixed effects of the following covariates: Percentage total body surface area, maximum recorded burn depth,
age, gender, the presence of an inhalation injury, the primary cause of the injury, and whether special body area (i.e., face, hands, feet, or genitals/peri-
neum) was affected.
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differences in casemix cannot fully explain the variation in the
measures of interest, as it remains after controlling for clinically
relevant demographic and injury factors via multivariable, mixed-
effects regression modelling. Therefore, this variation may exist
because of differences in clinical models of care between specialist
burn services.

The number of patients admitted to specialist Australian burn ser-
vices differed over the four-year study period. Geographic diversity
and population density may contribute to this variation. Jurisdic-
tional differences in the proportion of burn-related deaths in the
pre-hospital and hospital environment exist; geographically smaller
jurisdictions have a greater proportion of in-hospital deaths com-
pared to geographically larger jurisdictions.16 Differences in trans-
fer availability and policies may also contribute. Services that
receive and manage all burns patients within their jurisdiction—
regardless of whether they meet national referral criteria—will have
more admissions compared to services in other jurisdictions where
hospitals without a specialist burn service treat patients not meeting
referral criteria.

Differences in demographic and injury characteristics were
observed between services. Most notably, patients at services E and
H had a larger median TBSA burned compared to patients at other
services. We also observed variation in the unadjusted rates of ICU
admission, skin grafting, and in-hospital mortality. Importantly,
variation in these clinical measures of interest remained after
accounting for differences in key factors (age, TBSA burned, burn
depth, etc.). This suggests that how services manage patients
(i.e., models of care) is a key contributor to this variation. The two
services with the lowest adjusted proportion of in-hospital mortality
(A and F) have lower ICU admission rates, while the two services
with the highest in-hospital mortality proportion (E and H) had the
highest ICU admission rates. This is unsurprising, as ICU admis-
sion is associated with an increased risk of mortality regardless of
other factors. Adding ICU admission to the multivariable models
did not substantially influence the model. Additionally, services A
and F had a lower adjusted hospital LOS but significantly different
adjusted proportions of skin grafting.

Clinical models of care evolve over time and are based on the
assessment of the patient, the environment, and the experience of
the treating team. Few services have detailed management algo-
rithms, which results in a lack of visibility and potential inconsis-
tency in treatment approaches within and across burn care services.
A complete model of burn care, ranging from triaging and pre-
hospital management through to long-term rehabilitation and scar
management, is an incredibly broad spectrum, which requires a
series of smaller focussed studies to understand variation identified
in this study. We hope this paper will act as the required catalyst
for further engagement with burn services to optimize impact on
clinical measures of interest. Similar work in paediatric services is
already underway.17

Since the previous paper from Cleland et al.,14 the BRANZ has
undergone refinement to ensure the collected data has clinical rele-
vance and meaning.15 Significant efforts have been made to provide
high-quality training to data collection and entry staff to ensure
accurate data entry. This is essential if clinicians are to engage in
further examining and responding to the results. One additional area

where the BRANZ could improve is the collection of long-term
outcome data. The registry has obtained funding to pilot the central-
ized collection of patient-reported outcomes in patients admitted to
a Victorian burn service. Patient recruitment for the pilot is com-
plete and data collection will conclude in early 2023.

This study is not without limitations. This study has only focused
on Australian specialist adult burn services. These findings may
therefore not translate to other settings, most notably New Zealand.
In addition, this study only considered patients registered in the
BRANZ. The registry should consider linkage with other data sets
to capture a wider cohort of patients, which would allow for explo-
ration of the association between in-hospital treatment and post-
discharge outcomes, among other things. Furthermore, the BRANZ
does not collect information on clinical decision-making or infra-
structure processes (staffing levels, operating theatre availability,
etc.) that influence management and clinical measures of interest.
The BRANZ can determine how long it took for debridement and
grafting to occur but it does not collect information on why it took
longer for one patient compared to another (e.g., the presence of
other injuries requiring attention, surgeon beliefs about early versus
delayed excision, etc.). In addition, the BRANZ does not collect
physiological data and therefore cannot utilize disease severity sys-
tems such as the Acute Physiology and Chronic Health Evaluation
II score. The inability to collect data on all potential confounders
means there are factors we are unable to control for in our analyses.
Furthermore, as we are using observational data, we can only
describe associations within our data, rather than proving causation.

A clinical quality registry for specialist burn care in Australia has
existed for over a decade. Our results demonstrate variation in practice
(e.g., skin grafting) and clinical measures of interest between services
arising from differences in clinical management. A more in-depth
exploration of the reasons for variation in models of care between ser-
vices (e.g., Delphi methodologies, focus groups, etc.) is required and
will be a key driver in improving the care provided to burns patients.
Registry data can continually be used to identify areas of variation in
practice, support low-performing services in investigating local data
and determining whether improvements could be made, and tracking
the effects of any changes to models of care over time.
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