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lost to injury than to malaria, tuberculosis, and the

human immunodeficiency virus combined.' Road traffic
injuries alone comprise the leading cause of death among young
adults, causing about 1.3 million deaths annually.2 Traumatic
brain injury (TBI) contributes significantly to deaths and long
term disability around the world,>° affecting about 69 million
people each year.” In Australia, the number of deaths caused by
TBL, based on hospital admissions data, is high, but there are
no n7agtional baseline data on outcomes after moderate to severe
TBL”

The global burden of injury is enormous. More lives are

TBIis defined as injury to the brain caused by an external force."’
Causes of blunt TBI include road trauma, falls, and being struck
by an object or person.''* The definition of moderate to severe
TBI varies, but generally includes TBI leading to death, loss of
consciousness for at least 30 minutes, post-traumatic amnesia
for at least 24 hours, a Glasgow Coma Scale (GCS) total score
below 13 during the 24 hours following injury, or neuroimaging
evidence of brain injury pathology.”

Parallel to the need for national baseline summary data on the
incidence and outcomes of moderate to severe TBI in Australia
is the need to determine the extent and sources of variation in
patient outcomes. Specifically, we need to identify population
subgroups with greater burden of moderate to severe TBI and the
determinants of adverse outcomes. Further, the effects of variations
in access to emergency care and being able to return home have
not been examined. Finally, the outcomes and process indicators
that matter most to people with TBI need to be established.

Studies of several patient-level clinical interventions following
moderate to severe TBI have reported only limited improvement
of patient outcomes.”® Our focus must therefore shift to
understanding how best to target, standardise, and optimise
systems of care, and how these systems affect clinical outcomes.
However, reducing the incidence of catastrophic outcomes after
moderate to severe TBI will be very difficult without baseline data.

The Australian Traumatic Brain Injury National Data (ATBIND)
project will identify the key determinants of priority outcomes
for patients with moderate to severe TBI in Australia.”” ATBIND
will collate national baseline data that will inform decisions
about where to target patient- and system-level care interventions
and measures for preventing TBI, and for monitoring progress
benchmarked against relevant measurable targets."”

Aims of the study

The overarching aim of the ATBIND project is to understand
the key determinants (demographic characteristics, injury event,
processes of care) of patient outcomes at hospital discharge

Abstract

Background: Traumatic brain injury (TBI) is the largest contributor
to death and disability in people who have experienced physical
trauma. There are no national data on outcomes for people with
moderate to severe TBI in Australia.

Objectives: To determine the incidence and key determinants
of outcomes for patients with moderate to severe TBI, both
for Australia and for selected population subgroups, including
Aboriginal and Torres Strait Islander Australians.

Methods and analysis: The Australian Traumatic Brain Injury
National Data (ATBIND) project will analyse Australia New Zealand
Trauma Registry (ATR) data and National Coronial Information
Service (NCIS) deaths data. The ATR documents the demographic
characteristics, injury event description and severity, processes

of care, and outcomes for people with major injury, including TBI,
assessed and managed at the 27 major trauma services in Australia.
We will include data for people with moderate to severe TBI
(Abbreviated Injury Scale [AIS] (head) score higher than 2) who had
Injury Severity Scores [ISS] higher than 12 or who died in hospital.
People will also be included if they died before reaching a major
trauma service and the coronial report details were consistent
with moderate to severe TBI. The primary research outcome will
be survival to discharge. Secondary outcomes will be hospital
discharge destination, hospital length of stay, ventilator-free days,
and health service cost.

Ethics approval: The Alfred Ethics Committee approved ATR
data extraction (project reference number 670/21). Further ethics
approval has been sought from the NCIS and multiple Aboriginal
health research ethics committees. The ATBIND project will
conform with Indigenous data sovereignty principles.
Dissemination of results: Our findings will be disseminated

by project partners with the aim of informing improvements

in equitable system-level care for all people in Australia with
moderate to severe TBI.

KStudy registration: Not applicable.

following moderate to severe TBI; that is, to determine the crude
(unadjusted) and independent (adjusted) prognostic factors
for people with moderate to severe TBI admitted to Australian
major trauma centres (or dying before reaching a major trauma
centre) that predict outcomes at hospital discharge.

The specific aims of the ATBIND project are:

e to determine, for Australia and for certain subgroups
(including Aboriginal and Torres Strait Islander people), the
incidence of priority outcomes, including survival to discharge
home;

o to identify the main patient- and system-level determinants of
survival and function at hospital discharge;
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1 Study population and subgroups, outcomes, and potential determinants of outcomes to be investigated by the Australian Traumatic
Brain Injury National Data (ATBIND) project

Outcome

Primary outcome:
Survival to hospital
discharge

characteristics

characteristics

Population Exposures/comparators
Moderate and
severe traumatic Potential risk factors
brain injury,
Australia ¢
Subgroups Demographic Injury event Clinical Processes of care

- Aboriginal and Torres

- People aged 65
years or more

“Type of

- Age
- Sex

- External cause or

Strait Islander accommodation mechanism
people setting (rural, urban) - Intent

- People living in rural - State or territory + Location
and remote areas - Hospital service - Activity

+ Time of injury

- Comorbid conditions
- Initial Glasgow Coma

Scale score,
measured at time of
recording first set of
vital signs

- Initial AVPU

assessment

- Initial pupil size and

reactivity

- Initial systolic blood

pressure

- Initial heart rate
- Initial blood oxygen

saturation

- Initial temperature
- Injury severity (Injury

Severity Score)

- Abbreviated Injury

Score for head

- Time from injury to

definitive (major
trauma service)
hospital

- Mode of pre-hospital

transport

- Interventions

performed en route
to definitive hospital
(eg, endotracheal
intubation)

« Time from arrival at

definitive (trauma
service) hospital to
first CT brain and
operative
management

- Type of operative

intervention

- Support service

Secondary outcomes:

- Hospital (of
admitting trauma
service) disposition
destination,
including discharge
to usual
accommodation or
death (pre- or
in-hospital) or
discharged, but not
to usual
accommodation

- Length of stay in
hospital

- Ventilator-free days

- Medical cost

- Data quality

+ Health service cost

access while in
hospitals (eg,
Aboriginal Health
Worker, social
worker)

- Hospital discharge
diagnosis (ICD-10)

- Diagnosis (coronial
report)

AVPU = alert, verbal, pain, unresponsive (consciousness scale); CT = computed tomography imaging; ICD = International Classification of Diseases, tenth revision.

e to develop a priority list of the major patient- and system-level
predictors of death and disability at hospital discharge;

e to develop models predicting death or disability at hospital
discharge;

e to measure, on the basis of existing and extended targeted
data (eg, coronial data), the impact of differences in residential
location, demographic characteristics, injury mechanism,
system-level processes of patient referral, transfer, pre-hospital
care, emergency department reception, and hospital care on
hospital discharge destination; and

to establish a data- and consensus-based set of national clinical
quality indicators, targeting key inadequacies (including for
the health of Aboriginal and Torres Strait Islander people)
and inconsistencies in patient- and system-level interventions
associated with adverse outcomes for people with moderate to
severe TBL

Methods and analysis

The ATBIND project will analyse Australia New Zealand Trauma
Registry (ATR; https://atr.org.au) data, as well as coronial data
from all Australian states and territories. The ATR documents
the demographic characteristics, injury event description and
severity, processes of care, and outcomes for people who required

assessment and management for major injury, including TBIL,
at the 27 major trauma services in Australia; about 90% of all
patients with moderate to severe TBI are managed in these
centres.”® The National Coronial Information Service (NCIS)
database includes information on deaths reported to coroners,
and its data will supplement ATR data with records for people
who died before reaching a major trauma service. Our project
will thereby determine the regional incidence of moderate to
severe TBI and examine system-level variation in outcomes.

Data will be included in our analyses for any person admitted
to one of the 27 participating major trauma services in Australia
who satisfied the ATR inclusion criteria (Injury Severity Score
[ISS] higher than 12, or died in hospital) and had moderate to
severe TBI, defined in our study as an Abbreviated Injury Scale
(AIS) (head) score higher than 21219 People will also be included
if they died before reaching a major trauma service (ie, they died
in another hospital type or before arriving at a hospital) and
details in the corresponding coronial report are consistent with
moderate to severe TBL

The primary research outcome for the ATBIND project
will be survival to hospital discharge. Secondary outcomes
will be hospital disposition destination (discharge to usual
accommodation, discharge to somewhere other than usual
accommodation) and death; hospital length of stay; ventilator-
free days; and health service cost. All outcomes will be measured
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at the point of hospital discharge. An additional non-clinical
(data quality) outcome will be the level of completeness of the
key derived primary outcome predictor variables (risk factors),
including variables relevant to Aboriginal and Torres Strait
Islander communities.”"”

We will include as potential risk factors in our analyses age,
sex, remoteness, comorbid conditions, injury event details,
vital signs and consciousness state, pupil size and reactivity,
time from injury to definitive (major trauma service) hospital,
mode of pre-hospital transport, interventions performed en
route to the definitive hospital (eg, endotracheal intubation),
time from arrival at definitive (trauma service) hospital to first
computed tomography (CT) imaging of the brain and operative
management, type of operative intervention, injury severity (ISS,
AIS for head), support services used in hospitals (eg, Aboriginal
Health Worker, social worker), hospital discharge diagnosis
(International Classification of Diseases, tenth revision [ICD-
10] codes), and diagnosis in coronial report. We will undertake
corresponding subgroup analyses for Aboriginal and Torres
Strait Islander people, people living in rural and remote areas,
and people aged 65 years or more. Health service cost data for
each person will be obtained from the casemix or performance
unit at each major trauma service (Box 1).

The ATBIND project will also assess variations in outcomes
for subgroups, including Aboriginal and Torres Strait Islander
people. We will adhere to Indigenous data sovereignty and
governance principles by expanding the scope of ATR data
collected to better capture essential information. Specifically,
additional data and consultation will focus on the particular
needs of Aboriginal and Torres Strait Islander communities,
while ensuring that information is not generated or shaped in
a manner that reinforces or exacerbates marginalisation and
disenfranchisement.”** The ATBIND project will examine
the impact of system-level health treatment, including the
role of Aboriginal Liaison Officers and Health Workers,
integrated care, telehealth, and timely access to pre- and inter-
hospital transport services and processes. An Indigenous data
governance committee will be established at the start of the
ATBIND project to ensure early integration of the principles of
Indigenous knowledges and Indigenous data sovereignty.”**

Data analysis

Our investigation will encompass three broad phases,
respectively determining the incidence, predictors, and quality
indicators of patient outcomes.

During phase 1 (incidence), we will apply appropriate regression
techniques (negative binomial or Poisson regression); the primary
measure of association for the effect of year and other potential
exposure variables will be the incidence rate ratio (Box 2).

During phase 2 (predictors), we will initially use exploratory
logistic regression to determine the influence of univariable
(crude or unadjusted) risk factors and prognostic subgroups
on the likelihood of death before hospital discharge. Risk
factors identified by univariable regression will then be
assessed in multivariable regression analyses, thereby
adjusting for confounding. We will identify a set of
independent risk factors for which the association with the
primary outcomes will be separately quantified, and then
separately examined in each of the prognostic subgroups.
Secondly, we will employ predictive logistic regression to
develop parsimonious prediction models, splitting the ATR
data into appropriate derivation and validation data subsets.

2 Overview of the three phases of the Australian Traumatic
Brain Injury National Data (ATBIND) project*

Phase 1. Incidence

What is the incidence of moderate to severe traumatic brain injury (TBI), and
what are the outcomes for patients?

» Project outcome 1 (incidence): Determination of the incidence of moderate
and severe TBI and its outcomes, for Australia and for pre-specified
subgroups (including Aboriginal and Torres Strait Islander people).

» Study question1: Whatis the incidence of moderate to severe TBI, what are
the outcomes for patients, and how has the incidence changed over time?
» Population: all people with moderate to severe TBI;

» Exposure: most recent year;
» Comparator: preceding four years;
» Outcomes: primary, death; secondary, hospital discharge destination.

Phase 2. Predictors

What are the determinants of death and hospital discharge destination for
people with moderate to severe TBI?

» Project outcome 2 (determinants): improved understanding of the main
patient- and system-level determinants of death and hospital discharge
destination.

» Project outcome 3 (predictors): targeted priority list of the major
patient- and system-level predictors for death and hospital discharge
destination.

» Project outcome 4 (prognostic models): development of models predicting
pre-hospital death and death and hospital discharge destination.

» Project outcome 5 (impact): measurement, based on existing and extended
targeted data (including national coronial deaths data) of the impact of
variations in demographic characteristics, injury mechanism, system-
level processes of patient referral, transfer, pre-hospital care, emergency
department reception, and hospital care on pre-hospital death and
hospital discharge destination.

» Study question 2: What are the prognostic factors and subgroups that
influence likelihood of death and hospital discharge destination after
moderate to severe TBI?

» Population: all people with moderate to severe TBI;

» Exposure: subgroup (eg, older people, Aboriginal or Torres Strait
Islander people, rural location, mental health diagnosis, substance use);

» Comparator: comparable subgroups;

» Outcome: primary, death; secondary, hospital discharge destination.

Phase 3. Quality indicators

What are the most appropriate indicators for monitoring the outcomes and
processes of care for patients with moderate to severe TBI?

« Project outcome 6 (quality indicators): data-based set of national
clinical quality indicators, targeting identified problem areas in health
care (including for the health and wellbeing of Aboriginal and Torres
Strait Islander people) and inconsistencies in patient- and system-level
interventions associated with differences in patient outcomes.

« Study question 3: What are the SMART (specific, measurable, attainable,
relevant, time-based) data- and consensus-based national quality
indicators required for monitoring the outcomes and processes of care for
patients with moderate to severe TBI?

* The study questions use the population, exposure, comparator, outcome (PECO)
framework when appropriate. ¢

Candidate variables will be selected and sequentially tested
in the model according to the level of statistical significance
of their association with the primary outcome. Further
prediction models will be derived and validated in the
same way for prognostic subgroups. The performance of
the prediction models will be evaluated with conventional
measures, including assessment of the area under the receiver
operating characteristic (AUROC) curve.

In phase 3 (indicators), we will identify a suite of quality indicators
using quasi-Delphi methodology. Having established the identity
and contributions of the key determinants of patient outcomes
after moderate to severe TBI, we will use a consensus-based,
iterative focus group approach to determine national clinical
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quality indicators for monitoring processes of care and outcomes.
To generate a list of SMART (specific, measurable, achievable,
relevant, time-bound) and consensus-based quality indicators, key
stakeholders will be recruited in the relevant clinical, research,
and community groups, including Aboriginal and Torres Strait
Islander organisations, health professionals, researchers, and senior
community representatives relevant to the prognostic factors, care,
and outcomes of people with moderate to severe TBI. This process
will be essential to the effectiveness (including an understanding of
cost-effectiveness) and sustainable implementation of the ATBIND
project, informing the targets and opportunities for improving
outcomes after moderate to severe TBI.

The cost-effectiveness of the quality indicators will be
assessed in cost-consequence analyses. The additional
cost of assessing clinical quality indicators to improve TBI
outcomes will be estimated by calculating the marginal effect
on health service cost of adherence to processes measured by
each indicator. The additional cost associated with a clinical
indicator (incremental cost) will be calculated using the
recycled prediction method, varying the parameters included
in the indicator while other parameters are held constant.””
The mean difference of the predictions, with and without
the parameters included, will provide the incremental cost
attributable to the clinical indicator. The cost-consequence
analysis will compare estimates of the incremental cost and
outcome of alternative clinical quality indicators to evaluate
their relative cost-effectiveness.

For phases 1 and 2, we will extract ATR and NCIS data. It is
estimated that about 20 000 TBI cases during the five years
since the establishment of the ATR in 2015 will meet our
inclusion criteria."® The first two phases of our investigation will
be conducted over a period of about one year. For phase 3, the
different participant groups (including Aboriginal and Torres
Strait Islander people) will include TBI researchers and health care
workers, as well as people with experience of TBI (patients, family,
carers) to ensure that a meaningful and enduring set of quality
indicators is derived. Each phase 3 group will include 15-25
participants. The phase 3 analyses will require about six months.

For descriptive statistics reports, symmetrical numerical
data will be summarised as means with standard deviations,
asymmetrical numerical and ordinal data as medians
with interquartile ranges, and nominal data as counts and
frequencies. For inferential analyses, we will assess the
statistical significance of inter-group differences in Student ¢,
Wilcoxon rank sum, %%, and Fisher exact tests as appropriate.
P < 0.05 will be deemed statistically significant. Analyses
will be performed in Stata 17.0.

Data storage

The data extracted or collected for analysis in the ATBIND
project will be stored in Monash SeRP, the Monash University
authorised secure platform.

Study timetable and site

The official start date for the ATBIND project was 1 June 2021,
and the anticipated completion date is 31 May 2023. Phases 1
(incidence) and 2 (predictors) will be completed for all subgroups
by 30 November 2022. Phase 3 (quality indicators) will be
completed by 31 May 2023. The ATBIND project coordinating site

Ethics statement

The Alfred Ethics Committee approved ATR data extraction
(project reference number 670/21; November 2021). Further
ethics approval has been sought from the NCIS and multiple
jurisdictional ethics approval bodies for research involving
Aboriginal and Torres Strait Islander people.”

Dissemination of findings

The ATBIND project will determine the extent to which
demographic characteristics, injury mechanism and severity,
and treatment and system-level interventions affect outcomes
for Indigenous and other Australians with TBI. Further, the
project will deliver meaningful and important outcomes for all
Australians.””* Stakeholder representatives will be engaged in
the dissemination of project findings, including the 27 trauma
services who collaborate through the ATR and the Australian
Trauma Quality Improvement Program (AusTQIP), as well as
via the Australasian Trauma Society (ATS) and the Australasian
Injury Prevention Network. Community peak body groups
involved in this project, including Brain Injury Australia, Synapse
(https://synapse.org.au) and the National Aboriginal Community
Controlled Health Organisation (NACCHO), will also disseminate
its findings. The Indigenous data governance committee will
ensure the integration of Indigenous data sovereignty principles
into the reporting and dissemination of project findings.
Further, the work of the ATBIND project, guided by community
consultation and the Indigenous data governance committee,
will be integrated into the ongoing activities of the ATR (data
collection, analysis, reporting) to help build a sound foundation
for informing sustainable quality improvement initiatives and
to provide an exemplar for other health registries for equitably
gathering health data and analysing and reporting findings.
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