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Abstract

The Australian Traumatic Brain Injury Initiative (AUS-TBI) aims to select a set of measures to comprehensively
predict and assess outcomes following moderate-to-severe traumatic brain injury (TBI) across Australia. The
aim of this article was to report on the implementation and findings of an evidence-based consensus ap-
proach to develop AUS-TBI recommendations for outcome measures following adult and pediatric
moderate-to-severe TBI. Following consultation with a panel of expert clinicians, Aboriginal and Torres Strait
Islander representatives and a Living Experience group, and preliminary literature searches with a broader
focus, a decision was made to focus on measures of mortality, everyday functional outcomes, and quality
of life. Standardized searches of bibliographic databases were conducted through March 2022. Characteristics
of 75 outcome measures were extracted from 1485 primary studies. Consensus meetings among the AUS-TBI
Steering Committee, an expert panel of clinicians and researchers and a group of individuals with lived
experience of TBI resulted in the production of a final list of 11 core outcome measures: the Functional
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The Australian Traumatic Brain Injury Initiative: Review and Recommendations for
Outcome Measures for Use with Adults and Children after Moderate-to-Severe Neurotrauma
Traumatic Brain Injury eports
Recommendations for outcome measures for use with adults and
children following moderate-severe traumatic brain injury
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5.036 reviews CASP, CBCL, CHART, CHQ,
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Independence Measure (FIM); Glasgow Outcome Scale-Extended (GOS-E); Satisfaction With Life Scale (SWLS)
(adult); mortality; EuroQol-5 Dimensions (EQ5D); Mayo-Portland Adaptability Inventory (MPAI); Return to
Work /Study (adult and pediatric); Functional Independence Measure for Children (WEEFIM); Glasgow Out-
come Scale Modified for Children (GOS-E PEDS); Paediatric Quality of Life Scale (PEDS-QL); and Strengths
and Difficulties Questionnaire (pediatric). These 11 outcome measures will be included as common data
elements in the AUS-TBI data dictionary.
Review Registration PROSPERO (CRD42022290954).
Keywords: common data elements; outcome measures; review; traumatic brain injury
Introduction The majority of studies documenting outcomes fol-

Moderate-to-severe traumatic brain injury (TBI) is a
leading cause of disability and mortality worldwide.'
TBI is a complex and heterogeneous condition, associ-
ated with debilitating sequelae across numerous areas of
functioning.”™* The effects of moderate-to-severe TBI
commonly persist for many years.>** Although the sig-
nificant and long-term impact of moderate-to-severe
TBI on outcomes is now well established, knowledge
advancement has been hindered by a lack of consistency
in outcome measurement. Although Australian re-
searchers have contributed significantly to the interna-
tional body of TBI management and outcomes
literature, there is no uniform nationwide collection of
TBI data.

lowing moderate-to-severe TBI in Australia have in-
volved individuals presenting to specific trauma
centers or those receiving rehabilitation, most com-
monly in urban regions in one or two states.”*® It is
not known how applicable these outcome measures
are to individuals treated in rural areas, those not re-
ceiving rehabilitation, and individuals from different
cultural backgrounds including Aboriginal and Torres
Strait Islander groups, who may be particularly vulner-
able to TBL.’

To advance knowledge of TBI outcomes within Aus-
tralia and enable comparison of outcomes with those of
individuals with TBI in the rest of the world, it is crit-
ically important that studies use consistent outcome



Ponsford et al.; Neurotrauma Reports 2024, 5.1
http://online.liebertpub.com/doi/10.1089/neur.2023.0127

measures. This consistency may be best achieved
through development of common data elements. Com-
mon data elements for TBI research have been identi-
fied by consensus in other regions, including the
United States and Europe,'”'! but may not necessarily
meet the needs of the Australian context.'?

There have been two previous Australian initiatives
to produce common data elements. Through a compre-
hensive literature search, Tate and coworkers' identi-
fied 728 unique measures of cognitive, behavioral,
social, and functional outcomes, highlighting 70 more
commonly used ones and classifying them according
to the International Classification of Functional Dis-
ability and Health (ICF) dimensions. Honan and co-
workers'* identified through nomination, literature
search, and international expert opinion, 115 measures
in categories of: global outcome, communication, social
cognition, behavioural and executive function, other
neuropsychological functioning, psychological status,
TBI-related symptoms, activities and participation,
support and relationships, sense of self, and health-
related quality of life (QoL), with final recommenda-
tions of 56 instruments for use in early recovery,
outcome, and intervention studies. A parallel set of rec-
ommendations for pediatric measures was led by
Wearne and coworkers.!”> These studies, which
pre-dated this project by 5-10 years, provide useful
background on measures applicable to TBI, but the se-
lection of measures was not based on a systematic liter-
ature search. Moreover, a smaller set of measures
would be needed for a nationwide TBI outcomes study.

The Australian Traumatic Brain Injury Initiative
(AUS-TBI) is an Australian government-funded initia-
tive that aims to develop a set of common data ele-
ments suitable for the Australian context. This
specific initiative aimed, through collaborative consul-
tation involving expert researchers, clinicians, Aborigi-
nal and Torres Strait Islander representatives, and
individuals with TBI, to select a set of measures to pre-
dict and assess outcomes for adults and children with
TBI across Australia, with the ultimate aim of improv-
ing management and rehabilitation for adults and chil-
dren who have sustained a moderate-to-severe TBI.'?
To meet these aims, the common data elements needed
to cover the trajectory of a person’s journey, from in-
jury to reintegration back into the community; be rel-
evant to persons from all states and territories in
Australia in both metropolitan and rural areas and to
broad demographic groups; and span the diversity of
clinical presentations of persons with moderate-to-
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severe TBI, including persons with other injuries
and/or comorbidities."> It was also seen as important
that selected measures show evidence of validity and
reliability, sensitivity to change over time and in re-
sponse to interventions; have potential to be collected
in a timely fashion at low cost, via telephone, from in-
dividuals with TBI, close others, and/or clinicians; and
have been translated into different languages and used
internationally. The objective of this review was to use
an evidence-based consensus approach to develop up-
to-date recommendations for AUS-TBI for outcome
measures to be used for pediatric and adult moderate-
to-severe TBI based on these criteria.

Methods

AUS-TBI Steering Committee and Expert Panel

The identification of outcome measures was conducted
as a collaboration among the AUS-TBI Steering Com-
mittee, an expanded expert panel of 30 TBI clinicians
and researchers across a range of disciplines and cul-
tural groups, and people with living experience of
TBI. The group included individuals with expertise in
TBI care, including those working in acute care, reha-
bilitation, and community settings, in both child and
adult services."* The lived experience group was repre-
sented on the expert panel by the CEO of Brain Injury
Australia, Nick Rushworth, who is also a person with
lived experience of TBI. Although there were also rep-
resentatives from the Aboriginal and Torres Strait
Islander community, given the important cultural con-
sideration, AUS-TBI established an Aboriginal and
Torres Strait Islander Advisory Group that met several
times separately and considered the data elements and
provided recommendations regarding the ways of col-
lecting data and considerations for the project ap-
proach specific to Aboriginal and Torres Strait
Islander Peoples. These processes and recommenda-
tions are outlined in another article.'®

Comprehensive review

Selection of outcome domains. A broad list of out-
come domains was initially selected in consultation
with the AUS-TBI Steering Committee and the expert
panel, guided by the World Health Organization
(WHO ICF) core set of outcome data elements.'” Pre-
liminary pilot database searches encompassing the
WHO ICF Core set of TBI outcome domains produced
an extremely large number of records (i.e., 250,000
1,000,000 depending on search parameters). To de-
velop an achievable review, a consensus decision was
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reached to (1) focus on outcomes of mortality, morbid-
ity, everyday function, and QoL, and (2) conduct a sys-
tematic review of reviews. This comprehensive review
was conducted in three key stages; (1) systematic re-
view of reviews; (2) identification of primary studies
within each review; (3) extraction of outcome measures
from within the primary study.

Stage 1. Systematic Review of Reviews

This review was prospectively registered on the Inter-
national Prospective Register of Systematic Reviews
(PROSPERO, CRD42022290954). Our methodology
was guided by best practice systematic review method-
ology (i.e., as per Preferred Reporting Items for System-
atic Reviews and Meta-Analyses [PRISMA]'®);
however, it did not strictly adhere to this because of
the very broad scope and objectives of our review as
outlined in the next sections.

Search strategy and information sources

Standardized and piloted searches were conducted in
Cumulated Index to Nursing and Allied Health Litera-
ture (CINAHL), Cochrane Database of Systematic
Reviews, Embase, Epistemonikos, MEDLINE®, Psy-
cINFO, PubMed, and SPORTDiscus. Searches were
from inception through April 3, 2022 (search strategies
provided in Supplementary Text), and were limited to
the English language because of the Australian context.
Keywords were collected through experts” opinion, lit-
erature review, controlled vocabulary (CINAHL Head-
ings, Medical Subject Headings [MeSH], Excerpta
Medica Tree [EMTREE], APA Thesaurus, and Sports
Thesaurus), and review of the primary search results.
We used Canadian Agency for Drugs and Technologies
in Health’s (CADTH) systematic review search filters
for Embase, MEDLINE, PsycINFO, and PubMed. We
also applied University of Texas School of Public
Health’s systematic review search filter for CINAHL
and its modified version for SPORTDiscuss. As the
Cochrane Database of Systematic Reviews contains
only systematic reviews, we did not add a systematic re-
view block for this source. We used the default filtering
options in Epistemonikos’s search interface to only re-
trieve the secondary studies. Search results were de-
duplicated in EndNote X9 and then uploaded to
Covidence for screening.

Inclusion Criteria
Reviews were selected for inclusion according to the
following criteria.
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Studies.
reviews.

We included both narrative and systematic

Participants. Eligible reviews included studies of par-
ticipants of any age and sex who had sustained
moderate-to-severe TBI  (penetrating or non-
penetrating) of any cause. Moderate-to-severe TBI
was defined as the reported presence of at least one
of the following: (1) initial or lowest Glasgow Coma
Scale <13, (2) post-traumatic amnesia duration >24h,
or (3) abnormal findings on computed tomography
(CT) imaging of the head. This operational definition
included the complicated-mild injury type. There
were no restrictions on age at injury or time since in-
jury. Reviews sampling participants without TBI, or
with mild uncomplicated TBI were included under
two provisions. Either the data on participants with
moderate-to-severe TBI were reported separately
from that of other participants or, >80% of the sample
were people with moderate-to-severe TBI. Reviews
with self-reported, non-medical informants or histori-
cal diagnoses of TBI were excluded. Studies without
clearly reported medical confirmation of moderate-
to-severe TBI were included on the expert clinical
judgement of the review team that medical confirma-
tion would have necessarily occurred in the study con-
text. There were no restrictions on the settings in which
the injury or study processes occurred.

Interventions. Reviews reporting on any interven-
tions were considered for inclusion.

Comparators. Eligible reviews compared any inter-
ventions with any types of comparators. There were
no restrictions on the type of comparator; placebo, ac-
tive control (e.g., drugs within the same pharmacolog-
ical class or another class), supportive, standard care, or
a non-pharmacological intervention were all accepted.
Studies with no comparator were also eligible for
inclusion.

Outcomes. As was described, the original scope of the
review was to examine all outcome domains identified
in the WHO ICF core set of outcome data elements.”
This included functional outcome, but also specific do-
mains of physical function, cognition, behavior, and
emotional and social function. However, piloting this
search with the information specialist produced an un-
manageable number of records. It was decided by con-
sensus with the AUS-TBI Steering Committee and
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Expert Panel to restrict the scope of the outcome mea-
sures to:

Mortality

Global outcome

Functional outcome

Disability

Activities of daily living (ADL)

Care support needed

Return to work (RTW); return to study (RTS)
Participation

QoL

Satisfaction with life

Study selection. Records were screened against the
sampling criteria in two stages: (1) all records based
on title and abstract alone, and (2) full text of all poten-
tially eligible records. Review team members were
trained to apply the eligibility criteria and have clinical
area expertise and prior experience conducting system-
atic reviews. Title and abstract screening was com-
pleted by two independent reviewers in duplicate
(AJH., S.C, RP.). Disagreements were resolved
through consensus, and if required, a third team mem-
ber adjudicated (A.J.H., S.C., RP., J.L.P.). The full-
length of potentially eligible records was retrieved
using institutional subscriptions, loan requests, or
open sources. Full-text screening was completed by
one reviewer (A.J.H., S.C., R.P.). Record authors were
not contacted to clarify eligibility criteria.

Stage 2. Identification of Primary Studies

from Each Review

Eligible primary studies were selected from reviews by
one reviewer (A.J.H., S.C., R.P.). The inclusion criteria
for primary studies were the same as those for the re-
view stage outlined. With the exception of type of stud-
ies, we excluded reviews, case studies/case reports, and
case series (n<9). The citation information was
obtained from the review reference list. Each primary
study was individually obtained using university library
search engines or Google Scholar. Primary studies were
then uploaded into Paperpile for data extraction.

Stage 3. Extraction of Outcome Measures

from Primary Studies

The data to be extracted about each measure was de-
cided upon by the AUS-TBI Steering Committee.
This information included the following:
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o Characteristics of measure

0 Measure name and common abbreviation
Description of what the measure assesses
Administration time
Number of items
Cost of use
Respondent (e.g., patient, clinician, family/
carer)
Independence (i.e., can the measure be com-
pleted by the person independently or is it ad-
ministered via an interview format)

o Method of completion (i.e., in person, via tele-
phone, via post, online; multiple responses per-
missible)

o Training required to administer

o Languages/ translations

o Psychometric properties

e Use of the outcome measure in primary studies
included in review

o Number of primary studies in which the mea-
sure was used

o Types of primary studies in which the measure
was used (i.e., observational, interventional)

o Time post-injury the measure had been used
(i.e. acute [inpatient]; < 3 months, 3-12
months, 1-5 years; > 5 years)

o Patient population for which the measure has
been used (i.e., adult, pediatric, adult and pedi-
atric)

o Whether the measure was sensitive to change
over time

o Whether the measure was sensitive to change
following intervention

o O O O O

O

For each primary study, data were extracted by one
reviewer (A.J.H., S.C,, R.P.), Standardized data sheets
were built in Google Sheets (GSuite, Monash Univer-
sity), piloted, and then adapted to the review require-
ments. Data items were operationalized as categorical
variables where possible, and as semi-structured free
text otherwise. Data that were missing, unclear in the
report, or not applicable were all marked “NA” in the
respective cell. Study authors were not contacted to re-
quest missing or to clarify uncertain data for this itera-
tion of the review. Where further information was
required to characterize a measure, we conducted
searches of Web sites including (https://www.sralab
.org/; https://www.tbims.org/list.html). The list of out-
come measures and characteristics relating to each of
the selection criteria was synthesized in evidence tables.
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Consensus meetings

The evidence tables were presented to the Clinician and
Researcher Expert Panel in four meetings held between
May and July 2022 over videoonference. The discus-
sions were led by a professional facilitator.

Clinician and Researcher Expert Panel meetings. The
goal of these consensus meetings was to reach agree-
ment on the outcome measures that would feasibly
and reliably capture as many relevant aspects of out-
come as possible, from the perspectives of the individ-
ual with TBI and their close others within a limited
time frame, through multiple modalities (in person,
telephone), and ideally across cultural and linguistic
groups.'® Evidence tables were circulated to all team
members before meetings. Guided by an independent
facilitator, in the first meeting, expert committee mem-
bers each ranked outcome measures from the evidence
tables regarding their suitability for inclusion in the
data set as Tier 1 (definitely suitable), Tier 2 (possibly
suitable), or Tier 3 (not suitable), based on characteris-
tics of the outcome measure captured in the evidence
tables (frequency of use in studies, psychometric prop-
erties, sensitivity to intervention, time, cost and method
of administration, international use, translation) and
expert opinion. Agreement and dissent with each nom-
ination were recorded. The consensus expert opinion
for each measure was used to iteratively produce a
short list of Tier 1, Tier 2, and Tier 3 measures. Com-
mittee members discussed some additional measures of
specific functions that were not within the scope of the
search. In the second meeting held in late June 2022, a
short list of measures (Tier 1) was presented, based on
agreed rankings from the first meeting. There was fur-
ther debate around ensuring that the list included mea-
sures that covered the full range of aspects of function
across the spectrum of time post-injury, were consis-
tent with perspectives identified by the Living Experi-
ence group; could be administered in a timely and
cost-effective fashion via telephone, to adults and/or
children; and that the final list also included measures
that enabled international comparison.

Living Experience expert panel. The Living Experi-
ence Advisory Group was recruited by Connectivity
Traumatic Brain Injury Australia, with assistance
from the Curtin University Involve Team. The group
was drawn from a database of people with living expe-
rience of TBI who had volunteered to be involved in
consultations of this nature, with additional members
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recommended by investigators in the AUS-TBI consor-
tium. The group included five males and four females,
from four states of Australia. The researchers were ad-
vised by a representative of the body representing Aus-
tralians with brain injury - someone with lived
experienced of TBI - that presenting the details of
many outcome measures to members of the Living
Experience consumer panel could potentially be over-
whelming. Rather, the aim of the consultation was to
capture their views more broadly. Consultation with
living experience experts was conducted across two
meetings to consider the information that they thought
would reflect meaningful outcomes, and the means by
which they should be administered (e.g. collected about
them from medical files, relatives, by phone/zoom/in
person; what was an appropriate length for interviews)
and how consent should be obtained. The discussions,
which also covered potential predictive factors, were
guided by a diagram (Fig. 1). These views were consid-
ered in the selection of measures and the final set of se-
lected measures was circulated to the Living Experience
Panel for their feedback and approval.

Results

Literature search

The literature search produced 5936 records. There
were 4963 records excluded during the title and ab-
stract screening stage. Of the 954 records reviewed as
full text, 430 were excluded. There were 520 reviews
deemed eligible for inclusion.

Identification of primary studies from each review

We reviewed 340/520 records to identify primary stud-
ies. This stop-point was made by team consensus and
reflected satisfactory data saturation, as 34 records
reviewed had not contributed any new primary studies.
We identified 1485 primary studies from the 340
reviews.

Extraction of outcome measures

from primary studies

We reviewed 568/1485 of the primary studies. Of the
568 primary studies reviewed, 149 were excluded as
being not eligible for inclusion. Data were extracted
from 419 primary studies. This stop-point was made
by team consensus and reflected satisfactory data satu-
ration, as primary studies were no longer contributing
new measures. The previous 10 new measures identified
were specific to the primary study and presumably had
been generated by the research team, as no information
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could be identified for the measure. We extracted infor-
mation for 75 outcome measures (see Table S1).

Consensus Meetings

Clinician and Researcher Expert Panel

The list of outcome measures arising from the system-
atic review process (Supplementary Text) was dis-
cussed by the Clinician and Researcher Expert Panel
and refined to a short list of 11 via the iterative series
of consensus meetings. This list is outlined subse-
quently and summarized in Table 1.

Living Experience Expert Group. The Living Experi-
ence Expert Group met separately from the Clinician
and Researcher Expert Panel, although one representa-
tive attended both meetings. The Living Experience
Expert Group expressed the following views.

e Data collected need to be personally meaningful
and helpful for the person themselves, with an in-
clusive focus. It was understood that the person
with TBI may not always be able to give consent.
However, it was considered important to ensure
that the person providing consent be the most ap-
propriate person to do so, from the perspective of
the injured person, and that this may change over
time.

o It was agreed that both pre-injury and post-injury
information was needed to capture the changes
and loss of continuity of life post-injury. The
panel members felt that cognitive and communi-

cation changes, as well as emotional, social, and
family factors were important, in additional to
medical information. Fatigue and sexual function
were also seen as important issues to capture. The
panel considered that the most important out-
come information should show the connection
between function and life after the injury, com-
pared with pre-injury function, including activi-
ties, work, and other aspects of life, and how the
person feels about this.

e When collecting information regarding recovery
and outcome it was seen as important to do the
following.

o Make it very clear why the questions are being
asked, how the information will be used, and
that responses will not affect care given to the
person with TBI.

o Provide different ways to connect with people,
with options of online data collection, tele-
phone, and video calls being important. Build
rapport so the person giving the information
feels comfortable and handle difficult issues
sensitively. The way questions are asked is
very important and requires good interper-
sonal skills and understanding of TBI as well
as sensitivity to the cognitive function and cir-
cumstances of the individual with brain injury.
Timing the calls with carer visits could assist.

o Be aware that the questions may evoke emo-
tions, and that referral to support systems
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after questioning may be required, particularly
for the psychological questions.

o Be aware that families may perceive recovery
differently from the person with TBI. Both per-
spectives are important, particularly if there
is a lack of awareness in the person with TBI.
Different family members may view recovery
differently.

These views were taken into consideration in the se-
lection of the measures. A summary and description of
the final set of measures selected was sent to the Living
Experience Panel for review.

Core measures selected

Adult and pediatric mortality. Given that a proportion
of adults and children who sustain moderate-to severe
TBI die in the acute or chronic post-injury stages,"’
mortality is an outcome that needs to be measured at
both acute and longer-term time points.

Adult

Functional Independence Measure (FIM). The FIM is a
clinician-rated measure of functional disability in
adults.”® It is a generic measure suitable for use in clin-
ical groups accessing medical rehabilitation, both neu-
rological and non-neurological.*'

The FIM comprises two scales. The Motor Scale con-
tains four subscales: self-care (eating, grooming, bath-
ing, dressing upper and lower body, toileting),
sphincter control (bladder and bowel management),
transfers (to/from bed, toilet, and bath), and locomo-
tion (walking/wheelchair and stairs). The Cognitive
Scale containing two subscales: communication (lan-
guage comprehension and expression) and social cog-
nition (social interaction, problem solving and
memory). Ratings are made on a seven-point scale; 1
(equivalent of total assistance - patient expends
<25% of effort or is unable to perform the task); 2
(maximal assistance — patient expends 25-49% of ef-
fort), 3 (moderate assistance — patient expends 50—
74% of effort), 4 (minimal assistance — patient expends
>75% of effort), 5 (supervision or set-up), 6 (modified
independence - use of a device/aid, safety or time is-
sues), or 7 (complete independence, without modifica-
tion, aid, or device, and performed in a safe and timely
manner).>' The seven-point scale is organized into two
broad levels of functioning: independence (score 6 or 7)
and dependence (score 1, 2, 3, 4, or 5). The FIM total
score ranges from 18 to 126 (Motor scale: 13-91, Cog-
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nitive scale: 5-35), with higher scores indicating greater
independence. This measure was included because it
has good psychometric properties, has shown sensitiv-
ity to change in inpatient settings (although not well
over the longer term), is widely used internationally,
and is available in multiple languages. Although it re-
quires clinician training, it is routinely collected on ad-
mission and discharge by all rehabilitation hospitals
Australia-wide.

Glasgow Outcome Scale-Extended (GOS-E). The GOS-
E is a clinician-rated measure of global outcome that
is widely used with TBI groups.”' It represents an ex-
pansion of the original five-category GOS*** to an
eight-category classification scale (dead, vegetative
state, lower severe disability, upper severe disability,
lower moderate disability, upper moderate disability,
lower good recovery, upper good recovery).”* A struc-
tured interview has been developed to provide greater
objectivity and reliability.”> The interview samples
seven main areas (consciousness, independence in the
home, independence outside the home [for shopping
and travel], work, social and leisure activities, family
and friends, and return to normal life). For all areas
(with the exclusion of consciousness), the interview
clarifies whether these problems were present prior to
injury. For items regarding family and friends, and
return to normal life, if problems were present pre-
injury the clinician is asked to assess whether the prob-
lems have become “markedly worse.” Two items inquire
about epileptic seizures and seizure risk. A final item
clarifies what the most important factor is in the out-
comes recorded: (1) effects of brain injury, (2) effects
of illness or injury to another part of the body, (3) a mix-
ture of these. This is the most widely used measure in
global outcome studies internationally. It has satisfac-
tory psychometric properties and has shown sensitivity
to change in cohort and interventional studies. It can be
administered within 5-10 min via telephone interview
with the patient or close other and agreement with ques-
tionnaire format is acceptable.”

Satisfaction with Life Scale (SWLS). The SWLS is a
measure of global life satisfaction used widely with
TBI groups.”"*® The items are intentionally global, to
provide a rating by the individual with TBI of life sat-
isfaction as a whole.”"*° Ratings are made on a -seven
point scale from “strongly disagree” to “strongly agree.”
The total score ranges from 5 to 35, with higher scores
indicating greater satisfaction. This measure has been
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widely used internationally, is available in multiple lan-
guages, shows sensitivity to change in cohort and inter-
vention studies, and can be administered in <5 min.

Adult and pediatric measures
EuroQol-5 Dimensions, five-level version (EQ-5D-5L)-
The EuroQol-5D-5L is a measure of health status.”’
The EQ-5D-5L includes five items where respondents
self-report any problems in relation to mobility, self-
care, daily activities, pain/discomfort, and anxiety/
depression.”” Each dimension is described on five possi-
ble levels: (1) no problems, (2) slight problems, (3) mod-
erate problems, (4) severe problems, and (5) extreme
problems/unable to.”” Responses can be converted into
a single measure of health utility (EQ-Index score)
using preference-based (typically country-specific)
weights.”® Health utility values generally range from 0
(death) to 1 (perfect health). This self-report measure
of quality of life in adult and pediatric individuals is
widely used internationally and translated into multiple
languages, sensitive to change in cohort and interven-
tion studies, can be used to examine cost-benefit of in-
terventions, and can be administered in <5min in
person or via telephone to the person with TBI or proxy.

Mayo Portland Adaptability Inventory-4 (MPAI-
4). The MPAI was designed for the post-acute assess-
ment of adults and children >1 year of age with
acquired brain injury (ABI), to increase understanding
of outcomes and evaluate rehabilitation programs.”®
The MPAI-4 comprises three subscales: Ability (sen-
sory, motor, and cognitive abilities), Adjustment
(mood, interpersonal interactions), and Participation
(social contacts, initiation, money management).
There is a fourth subscale that is not scored: Pre-
existing and associated conditions. The MPAI-4 may
be completed by clinicians, informants, or self-ratings.
Ratings are made on a five-point scale, with tailored re-
sponse descriptors.*""*® Raw scores can be transformed
to T scores to allow comparison with MPAI-4 stan-
dardization samples. Higher scores indicate more se-
vere impairment and limitations. This clinician-rated
measure captures information from the patient or
close other regarding a broad range of physical, sen-
sory, cognitive, communication, behavioral, emotional,
and sexual symptoms or changes and participation out-
comes relevant to individuals with TBI; has excellent
psychometric properties; has been widely used interna-
tionally, translated into multiple languages, shown sen-
sitivity to change over time and in response to
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intervention; and can be administered in 8-10 min. It
provides the most comprehensive coverage of TBI-
related symptoms and consequences.

Return to Study/ Return to Work (RTS/ RTW). There is
no standardized method to measure RTS or RTW.
Common indices used include RTS: active education
(attendance at school, hours per week), education level
achieved post-injury; dichotomous scale: studying/
not studying; need for formal support at school; struc-
tured interview to determine difficulties in RTS. For
RTW common indices include: working status (atten-
dance at work, tasks performed); dichotomous scale:
working/not working; hours per week; various categor-
ical assessments, for example, unemployed, casually
employed, employed part time, employed full time, re-
tired; type of work; job satisfaction; income; years
spent remaining in employment (“survival in employ-
ment”); stability of employment; structured Interview
to determine difficulties in RTW. Return to work or
study is a widely used outcome across TBI studies in
adults and, for return to study, in children, internation-
ally. Although it is assessed in multiple ways, informa-
tion can be standardized for international comparison,
and this measure has shown sensitivity to change over
time in cohort studies.

Pediatric measures

Functional Independence Measure for Children (WEE-
FIM). The WEEFIM is a clinician-rated measure of
functional disability in a developmental context.”’ The
items, subscales, and scales for the WEEFIM are the
same as for the FIM. The WEEFIM is intended for chil-
dren between 6 months and 7 years of age; however, it
can be used in older age groups.”* For each item
there are corresponding age-appropriate expectations.
The same seven-point rating scale used by the FIM is
used for the WEEFIM, with higher scores indicating
greater independence. Normative data are required to in-
terpret WEEFIM data. A normative data set is available
for total scores,”® enabling interpretation of scores in re-
lation to expected developmental stages. The adult FIM
is routinely collected by trained clinicians in pediatric re-
habilitation centers in Australia, therefore being most
useful in this recovery phase. It is used internationally
and translated into multiple languages. Its sensitivity to
change following intervention remains undocumented.

Glasgow Outcome Scale Modified for Children (GOS-E
Peds). The GOS-E Peds is a developmentally
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appropriate clinician-rated structured interview to clas-
sify global outcome in younger patients for children
<16 years of age.’’ The GOS-E Peds uses the same
eight-category classification scale as the GOS-E, and
samples the same seven areas of outcome; however,
some items are modified for a developmental/pediatric
context. The GOS-E Peds interview does not have spe-
cific items regarding pre-injury functioning; however,
it does include an overall scoring caveat instruction
to raters to consider pre-morbid status. The GOS-E
Peds does not include the final three GOS-E items
addressing epilepsy and factors impacting outcome.
The hierarchical nature of the questions and scoring
is the same as for the GOS-E. The GOS-E Peds has
been less widely used than its adult version, as it was
developed more recently and its sensitivity to change
remains undocumented. It has been used internation-
ally and translated into multiple languages.

Paediatric Quality of Life Inventory (PEDS-QL). The
PEDS-QL measures health-related quality of life for
children and adolescents 2-18 years of age. The
PEDS-QL comprises four subscales: Physical, Emo-
tional, Social, and School Functioning. Ratings are
made on a five-point scale that captures the extent of
the child’s difficulties in each item from “never” to “al-
most always.” Higher scores indicate greater satisfac-
tion. This parent or child-rated measure of quality of
life after TBI has shown good psychometric properties,
and is used internationally and translated into multiple
languages. Its sensitivity to change has not yet been
documented.

Strengths and Difficulties Questionnaire (SDQ). The
SDQ measures general psychosocial functioning in chil-
dren and adolescents 4-17 years of age. It comprises five
domains: hyperactivity, peer problems, emotional
symptoms, conduct problems, and pro-social behav-
iour. Ratings are made on a three-point scale capturing
the extent to which each item is “true.” A total difficul-
ties summary score is calculated, with higher scores
reflecting greater difficulties. This parent-rated measure
captures the common cognitive, behavioral, psycholog-
ical, and social changes associated with TBI in children.
It is brief to administer, and has been used internation-
ally and translated into multiple languages.

Discussion
The creation of a standardized set of outcome measures
by the AUS-TBI group will provide guidance as to data

400

to collect across metropolitan, regional, and rural Aus-
tralia that meaningfully reflect outcomes and quality of
life following moderate-to-severe TBI. The 11 core
measures, selected on the basis of a search of systematic
reviews and consensus, capture various aspects of func-
tional outcome following moderate-to-severe TBI in
adults and children. These aspects include death, inde-
pendence in daily activities, symptoms, and cognitive,
behavioral, and psychosocial changes experienced,
and participation in vocational and avocational activi-
ties considered important by individuals with TBI
They show acceptable validity and reliability psycho-
metrically; can capture the perspectives of individuals
with TBI, their close others, and clinicians in a timely
fashion via telephone or video call; have been used in
international studies; and can be used in different lan-
guages. All adult measures selected also had shown sen-
sitivity to change in cohort and /or intervention
studies. The pediatric measures had been more recently
developed and there were no data regarding change
over time. The issue of collecting data through the tran-
sition between childhood and adulthood would also
need to be addressed.

The adult measures selected were all included in the
previously developed, larger set of adult TBI outcome
measures described by Tate and coworkers,'” and the
GOS-E, FIM subscales, and Satisfaction with Life
Scale were among core common data elements selected
by Wilde and coworkers®” in the United States. Honan
and coworkers® included all measures except the FIM
in their recommended measures. The FIM was in-
cluded in the current study list because it is routinely
collected by Australian rehabilitation hospitals and
would be readily available for data collection on pa-
tients receiving rehabilitation. Regarding pediatric
measures, only the PEDS-QL and Strengths and Diffi-
culties Questionnaire were included in the set of pedi-
atric measures recommended by Wearne and
coworkers,” possibly reflecting the relative recency of
development and use of pediatric outcome scales
such as the GOS-Peds and the Wee-FIM.

Depending on the context and funding for data col-
lection, there will be a need to prioritize measures to
maximize data capture. The implementation of these
measures, or subsets of them, will create a comprehen-
sive Australian data set but will also enable comparison
and harmonization with existing international data
sets. This will enable characterization of difficulties
faced by individuals with moderate-severe TBI and
maximize our capacity to generate prognostic models
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to guide models of care. The broad adoption of such
common outcome measures will aim to minimize the
burden on individuals with TBI and close others,
allow for pooling of data to create a means of bench-
marking, allow for collection of large data sets to enable
modelling to enhance understanding of heterogeneity,
and answer important research questions. It will also
enable comparison of outcomes following interven-
tions, with the ultimate aim of improving outcome
and quality of life after moderate-to-severe TBI.

The next steps in this project could include the pilot-
ing of data collection processes to establish the feasibil-
ity of administering these measures via telephone and
seeking feedback from the individuals to whom they
are administered. There is also a need to investigate
which of the measures are already being collected
across healthcare providers, what information can be
obtained via data linkage, (e.g., for RTW, social securi-
ty) and what are the optimal time points for data col-
lection. This will be followed by the creation of data
collection and management systems that will be
designed to track or collect selected predictive factors
and indicators as well as the abovementioned out-
comes. These systems will be organized to facilitate
secure data collection, linkage, storage, curation, man-
agement, and analysis.

This study had several limitations. Because of time
and resource constraints and the enormous number of
systematic reviews, individual TBI outcome studies
and measures identified in systematic reviews con-
ducted in the past 10 years, we were unable to review
all systematic reviews or all primary studies from the
systematic reviews examined. However, the review pro-
cess was continued until the group agreed that a point of
data saturation had been reached and that no new mea-
sures were being generated. To minimize cognitive bur-
den on the members of the Living Experience Expert
panel, they did not review all measures in detail. Rather
they expressed views about the nature of what should be
measured and how this should be captured, and this was
considered in the processes of short listing measures.
A summary of the final selected measures was approved
by the panel members. Further feedback from individu-
als with brain injury and close others will be sought
when administration of measures is being piloted.

The review was limited to a focus on functional out-
comes and satisfaction with life from various perspec-
tives, rather than the broad range of ICF Core Set
outcomes originally recommended by the expert
panel, because the searches yielded an unmanageable
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number of articles for review. The panel did recom-
mend several additional measures that focused on spe-
cific abilities or problems considered important by
panel members (e.g., cognitive function, fatigue, chal-
lenging behaviors, mobility, and anxiety and depres-
sion symptoms). Sexual function was another factor
considered important by one Living Experience panel
member. Notwithstanding the importance of the use
of measures of specific symptoms or functions com-
monly associated with TBI, especially in the assessment
of response to specific interventions, these measures
were outside of the scope of the literature search for
reasons already stated. With the exception of sexuality,
these constructs are however largely captured in the
self-report-questionnaires selected. The time required
to administer all these additional measures unfortu-
nately precluded their inclusion in the core set. For
the reader’s information, these measures have been
listed in Table S2. It is important to note that this list
was determined on the basis of consensus only, rather
than on a systematic literature search and assessment
against the key criteria for inclusion of measures. The
set of core data element measures that can ultimately
be collected may build on existing data collection sys-
tems in operation around Australia. Ultimately, the
implementation of any of the measures will depend
on funding.

Nevertheless, this study is the first to have based se-
lection of outcome measures on a systematic literature
search that has allowed for a comprehensive and
evidence-informed examination of TBI outcome mea-
sures that, if implemented, could create a nationwide
profile of outcomes following TBI across Australia.
A parallel set of studies has identified a core set of
pre-injury demographic, injury-related, and post-
injury factors that will be included in a data dictionary
to examine factors associated with outcome, with the
ultimate aim of optimizing quality of life after TBI
for all Australians.

Transparency, Rigor,

and Reproducibility Summary

The literature search for this study prospectively regis-
tered on PROSPERO (CRD42022290954). The meth-
odology was guided by best practice systematic
review methodology (i.e., as per PRISMA18); however,
it did not strictly adhere to this because of the very
broad scope and objectives of our review as outlined.
Standardized and piloted searches were conducted in
CINAHL, the Cochrane Database of Systematic
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Reviews, Embase, Epistemonikos, MEDLINE, Psy-
cINFO, PubMed, and SPORTDiscus. Searches were
from inception through April 3, 2022, and were limited
to English because of the Australian context. Keywords
were collected through experts’ opinion, literature re-
view, controlled vocabulary as outlined, and review of
the primary search results. Search results were de-
duplicated in EndNote X9 and then uploaded to
Covidence for screening. Reviews were selected for
inclusion according to the criteria outlined in this
article. We included both narrative and systematic re-
views. Eligible reviews included studies of participants
of any age and sex who had sustained a moderate-
to-severe TBI or a complicated mild TBI as defined
in this article. Reviews reporting on any interventions
with any type of comparators were considered for
inclusion.

The original scope of the review was to examine all
outcome domains identified in the WHO ICF Core
Set of outcome data elements.'” This included not
only functional outcome, but also specific domains of
physical function, cognition, behavior, and emotional
and social function. However, piloting this search
with the information specialist produced an unman-
ageable number of records. It was decided by consensus
with the AUS-TBI Steering Committee and Expert
Panel to restrict the scope of the outcome measures
to mortality, functional outcome, and quality of life,
as listed on page 391. Title and abstract screening
was completed by two independent reviewers in dupli-
cate. Disagreements were resolved through consensus,
and if required, a third team member adjudicated.
Results of data extraction are reported in this article.
Potentially eligible records were retrieved in full. Full-
text screening was completed by one reviewer. Study
authors were not contacted to clarify eligibility criteria.
Eligible primary studies were selected from reviews by
one reviewer, following the same inclusion criteria as
for the review stage. The data to be extracted about
each measure were decided upon by the AUS-TBI
Steering Committee and Expert Panel, as outlined.
Where further information was required to character-
ize a measure, we conducted searches of Web sites in-
cluding (https://www.sralab.org/; https://www.tbims
.org/listhtml). The list of outcome measures and
characteristics was synthesized in evidence tables.

Consensus meetings
The evidence tables were presented to the AUS-TBI
Expert Panel in four meetings held between May and
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July 2022 over Zoom, led by a professional facilitator,
using a prioritization process considering the evidence
tables to determine the final set of measures. A separate
meeting was held with the Living Experience Panel as
described. This panel reviewed a summary of the
final set of recommended measures.
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