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ABSTRACT

Introduction Recovery from concussion has traditionally
been evaluated by patient-reported symptoms, objective
measures such as loss of consciousness, specific
dimensions such as depression or fatigue, cognitive status,
employment status, level of physical activity and the more
complex construct of disability. Increasingly, patient-
reported outcome measures of health-related quality of life
(HRQOL) are being emphasised as an important end point
in patient care, clinical trial and health policy decisions.
Currently, no standardised concussion-specific HRQOL
outcome measure exists. The process for developing a
concussion-specific HRQOL outcome measure based on
the international classification of functioning, disability and
health is outlined.

Methods and analysis A multistage, patient-centred
approach to developing the outcome measure will integrate
evidence from systematic reviews, qualitative research
and cognitive interviewing into a self-report questionnaire
to guide clinical decision-making. The psychometric
properties of the questionnaire will be evaluated to assess
the inter-rater reliability and construct validity of the
measure in individuals with persistent post-concussion
symptoms. To date, the systematic review and the clinical
expert interviews within the preparatory phase have been
completed and work is progressing on the subsequent
phases. It is anticipated that the outcome measure will be
ready for psychometric testing in September 2018.

Ethics and dissemination Ethical approval was granted
by the Ottawa Health Science Network Research Ethics
Board (Protocol #20170720-01H) on 31 October 2017

to conduct the patient and clinical expert interviews.
Ethical approval for psychometric testing of the outcome
measure will be sought by the Ottawa Health Science
Network Research Ethics Board in Phase Il, after the
development of the final HRQOL questionnaire. Results
will be disseminated through peer-reviewed journals and
professional conferences.

PROSPERO registration Phase | systematic review
registration number CRD42017075588 (15 June

2017). Phase Il systematic review registration number
CRD42017075588 (27 September 2017).
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Strengths and limitations of this study

» This study follows the recommendations of the Food
and Drug Administration for the development of pa-
tient-reported outcome measures.

» The questionnaire will be developed based on a
conceptual model to identify the components of
health-related quality of life post-concussion and
the causal relationships between them.

» Patient contribution to item generation will maxi-
mise the content validity of the outcome measure
by ensuring that the items on the questionnaire are
relevant to patients with persistent post-concussion
symptoms.

» Linkingitemson the questionnaire to the International
Classification of Functioning, Disability and Health
will enable content comparison of outcome mea-
sures and facilitate clinical decision-making by al-
lowing multidisciplinary healthcare professionals to
set meaningful patient-directed goals.

» Currently, no concussion-specific HRQOL outcome
measure exists; therefore, there is no gold-standard
measure against which to evaluate criterion validity
of a newly developed questionnaire.

INTRODUCTION

Concussion represents a distinct subset of

traumatic brain injury (TBI) at the milder end
of severity, which falls outside the expected
clinical presentation seen with moderate—
severe TBI. The term concussion may be
used interchangeably with mild TBI (mTBI)

and is defined by The American Congress of

Rehabilitation Medicine as a traumatically
induced physiological disruption of brain
function, as manifested by at least of the
following: (1) any period of loss of conscious-
ness; (2) any loss of memory for events imme-
diately before or after the accident; (3) any
alteration in mental state at the time of injury
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such as feeling dazed, disoriented or confused and (4)
focal neurological deficit(s) which may or may not be
transient." The severity of the injury may not exceed the
following: (1) loss of consciousness of approximately
30min or less; (2) after 30 min, an initial Glasgow Coma
Scale (GCS) of 13-15 and (3) post-traumatic amnesia not
greater than 24hours. Both the International Collabora-
tion of Mild Traumatic Brain Injury Prognosis and the US
Department of Defense differentiate mTBI from moder-
ate-severe TBI by the absence of structural abnormali-
ties on either CT or MRL? An expert consensus panel of
concussion in sport supports this assertion, stating that
the acute clinical symptoms perceived following an mTBI
reflect a functional disturbance rather than a structural
injury.” Structural abnormalities seen in patients with a
GCS of 13-15 (complicated mTBI) have been associated
with increased disability compared with those without
intracranial pathology,’ supporting the notion that
recovery from complicated mTBI is more consistent with
that from moderate to severe TBI than uncomplicated
mTBI (no evidence of CT abnormalities).’

Mild TBI may be further differentiated from moder-
ate-severe TBI based on functional outcome. The
extended GCS (GOS-E) is considered the ‘gold standard’
for functional outcome following TBI. Using a cut-off of
7 on the GOS-E to indicate good recovery, a longitudinal
study found that less than one-quarter of mTBI patients
continued to experience restrictions in work and social
participation and limitations in activities of daily living
at lyear after injury. In contrast, GOS-E scores for 62%
of patients with severe TBI and 48% of patients with
moderate TBI indicated residual disability at 24 months,
with a ‘plateauing’ of recovery after 12 months’. Moderate
to severe TBI is, thus, frequently associated with func-
tional dependence both in and outside the home and
reduced work and social participation due to cognitive
and physical disabilities.

Differences in structural damage, mortality rates, func-
tional outcomes and increased rates of disability suggest
that recovery from concussion should be evaluated sepa-
rately from moderate to severe TBI. This paper will use
the term concussion to denote mTBI without the pres-
ence of structural abnormalities on standard neurodi-
agnostic imaging and will focus on those patients with
persistent  post-concussion symptoms (PPCS), with
persistent defined as 3 months or longer postinjury.

Most concussion patients are expected to make a full
recovery and return to work and other preinjury activities
within days to months. Although best evidence suggests
that objective cognitive deficits are not measurable
beyond the 3-month period of expected normal recovery
post-concussion,” 10-15%will go on to develop PPCS,
which may persist for months or years.” Common symp-
toms such as headache, fatigue and difficulty concen-
trating are non-specific to concussion and do not differ
significantly from general trauma patients.* Since overall
mortality and functional dependence following a concus-
sion is rare, it is unclear whether poor outcomes can be

attributed to concussion-related brain changes, pre-ex-
isting conditions or other factors.

Recovery from concussion has traditionally been eval-
uated by multimodal measures, such as patient-reported
symptoms, objective measures such as loss of conscious-
ness, specific dimensions such as depression or fatigue,
cognitive status, employment status, level of physical
activity and the more complex construct of disability.
However, these measures do not fully capture the signif-
icance of the impairments or level of participation postin-
jury as experienced by the individual.

The Interagency Common Data Elements TBI
Outcomes Workgroup identified health-related quality of
life (HRQOL) as a core construct to be assessed, covering
domains relevant to concussion; applied as either part of
a comprehensive battery or in addition to other outcome
measures.” The International Society for Quality of Life
Research defines HRQOL as ‘the functional effect of a
medical condition and/or its consequent therapy on
a patient’.” HRQOL is often erroneously inferred from
other measures of health, such as symptoms, func-
tioning or health status. Symptoms represent a patient’s
perception of an abnormal physical, emotional or cogni-
tive state.'” Functioning is defined by the International
Classification of Functioning, Disability and Health
(ICF) as ‘an umbrella term encompassing all body func-
tions, activities and participation’.'" Whereas the WHO
describes health as ‘a state of complete physical, mental
and social well-being not merely the absence of disease’."”
When seen from a negative perspective, impairments in
body function, activity limitations of the individual and
participation restrictions at a societal level are described
as disability.'" While the above measures of health may
influence a patient’s HRQOL, they do not represent it.
What distinguishes HRQOL is the patient’s perception
of the relative importance of these measures, their own
values and their preferences.'” Although HRQOL is intui-
tively understood, it must be explicitly distinguished from
other related terms, as they represent distinct constructs.
Generic HRQOL outcome measures incorporate items
across multiple domains to capture a broad spectrum
of issues, allowing comparison between populations and
various disease states. However, generic measures, such
as the WHO quality of life-brief (WHOQOL-BREF) may
be insensitive to small, but clinically relevant changes to
concepts important to a concussion population, such as
persistent problems with cognitive functioning, or social
isolation.

Condition-specific HRQOL outcome measures on the
other hand, have the advantage of exploring specific
health concerns in depth by incorporating items most
relevant to a specific patient group and are therefore
more sensitive to clinical changes that occur within those
individuals.'"* Currently, no standardised concussion-spe-
cific HRQOL outcome measure exists.

It has been suggested that the ICF provides an ideal
base for the development of new outcome measures in
individuals with TBL"” Adopted by the WHO in 2001, the
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perspective questionnaire items Psychometric
Individual interview testing of
concussion-specific
Patient perspective HRQOL outcome
Focus grougs and Cognitive debriefing measures
individual interviews with patients
Develop working Linking final
conceptual model questions to ICF
codes and qualifiers
2017 2018 2019 >

Figure 1 Mixed-method development process of a
concussion-specific health-related quality of life (HRQOL)
outcome measure based on the International Classification
of Functioning for a multistage project started in 2017,

with a projected completion date of 2019. The preparatory
phase describes the development of a conceptual model of
HRQOL; phase | describes the development of a HRQOL
questionnaire based on the conceptual model; phase Il refers
to the assessment of questionnaire’s test-retest reliability
and construct validity with the WHO quality of life-brief and
quality of life after brain injury in a concussion population.
Embedded boxes within each phase represent the distinct
steps required to complete each phase in successive order.

ICF serves as a universally accepted reference system to
classify functioning and disability.'® Using a biopsychoso-
cial model, the ICF provides a standard language and a
conceptual basis to describe health.'” Both comprehen-
sive and brief ICF core sets for TBI have been developed
as a means of describing concepts most relevant to the
health of an individual after TBL."” Questionnaires are
constructed of items that measure an intended concept,
such as headache. For example, headache is a common
post-concussion concept measured by the item ‘Head-
ache’ on the symptom evaluation scale of the Sport
Concussion Assessment Tool-5' and by the broader
item ‘How often do you suffer (physical) pain?’ on the
WHOQOIL-100." This relationship enables the mapping
of concepts to ICF categories.'” Linking newly developed
questionnaire items to ICF categories would enable the
comparison of the content of various outcome measures
and facilitate communication between multidisciplinary
healthcare providers by providing a common language
with which to describe function, disability and health.
Persistent  post-concussion symptoms significantly
impact a broad set of concepts that span across all
domains of the ICF. These concepts then influence
HRQOL. Measuring HRQOL as a construct determined
by these concepts makes conceptual sense in a TBI popu-
lation, since there is often no relationship between these
causal indicators.”” The purpose of this paper is, thus,
to present the steps in the development of a concus-
sion-specific HRQOL outcome measure based on the ICF

(figure 1). The construct of HRQOL will be measured
as a reflection of multidimensional concepts. In keeping
with patient-centred outcomes research, the process is
patient driven and consists of multiple phases.

METHODS

Patient and public involvement

Patient involvement will be a keystone in the develop-
ment of a concussion-specific questionnaire. Within the
overarching construct of quality of life, patients will be
specifically asked to identify those issues that are greatest
importance to them and what issues they would like
addressed in a questionnaire based on their lived experi-
ence with PPCS. Additionally, their input is being sought
in the design of the questionnaire formatting. Clinician
input will also be sought to identify issues that may have
relevance to patients with PPCS. This will be an iterative
process, such that patient preferences and clinician feed-
back will be reviewed in subsequent discussions to ensure
that the views of the patients and clinicians are well repre-
sented in the questionnaire. Finally, the working ques-
tionnaire will be brought back to a sample of patients
to confirm that their priorities and preferences have
been adequately captured. On completion of the study,
patients and clinicians who have participated in the
study will be provided with an electronic copy of the final
questionnaire.

The development of a concussion-specific HRQOL
outcome measure involves three distinct phases: a prepa-
ratory phase, phase I and phase II. The preparatory phase
involves the development of a conceptual model, which
will form the framework for the concepts to be included
in the questionnaire. In phase I, the identified concepts
will be transformed into a concussion-specific HRQOL
questionnaire. Phase II involves the psychometric testing
of the questionnaire in patients with PPCS.

Preparatory phase—development of a conceptual model
Within the preparatory phase, a systematic review has
already been performed to develop a working conceptual
model consisting of broad domains that have been linked
to the ICF. Qualitative interviews with clinicians and
patient focus groups will identify the specific concepts
within each domain that are impacted by concussion in
order to further develop and refine the working concep-
tual model. The final conceptual model will be developed
through content analysis of the qualitative data.

Researcher perspective: systematic review

A systematic review was undertaken to identify the HRQOL
outcome measures used in concussion-specific research
since the introduction of the International Classification
of Diseases, Tenth Edition code for concussion in 1992.
The specific objectives of the review were (1) to identify
the concepts contained in the measures using the ICF as
a reference,”! 2 (2) to describe the breadth and depth of
concepts and (3) to develop a working conceptual model
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of HRQOL in individuals with PPCS based on the concepts
identified. Eight electronic databases were searched from 1
January 1992 to 12 March 2017, including Medline (OVID),
Embase (OVID), PsycINFO (OVID), Cumulative Index to
Nursing and Allied Health Literature (CINAHL) (EBSCO),
SCOPUS, the Cochrane Database for Systematic Reviews,
Prospero and Patient-Reported Outcome and Quality of
Life Database (PROQOLID; http://www.qolid.org). Grey
literature was searched, reference lists scanned and relevant
journals hand-searched. Search terms included database
subject headings and keywords for the concepts: ‘concus-
sion’, ‘traumatic brain injury’ and ‘quality of life’ using a
Boolean strategy and adapted for each database.

Studies were eligible if they involved primary qualitative
or quantitative research exploring the impact of PPCS on
HRQOL in adults aged 18-65 years with a diagnosis of
concussion. Studies were excluded if they included the
results of a moderate-severe TBI sample not differenti-
ated from the concussion sample or patients presented
with evidence of structural injury or intracranial bleeding
on diagnostic imaging.

Content analysis was performed on individual questions
within identified outcome measures by linking concepts
to second level ICF categories according to established
linkage rules.”’ * Concepts were then organised into
domains at the ICF component level. A working concep-
tual model of HRQOL post-concussion was proposed
based on these results to inform the content of semistruc-
tured interviews with clinicians and patient focus groups.
This systematic review has been registered with PROS-
PERO (CRD42017068241).

Clinician perspective: individual interviews

The importance of clinician interviews in the develop-
ment of an HRQOL outcome measure is twofold. First,
clinicians will improve content validity by identifying
clinically important domains that should be considered
in the conceptual model. Additionally, clinicians in this
study will be asked to identify perceived facilitators and
barriers to the use of a concussion-specific HRQOL
outcome measure in their clinical practice.

Clinicians will be purposively sampled to represent
the diverse healthcare provider groups who treat the key
domains from which PPCS are comprised. Eligibility
includes a minimum of 3 years of clinical experience
working with concussion patients and will include at least
one representative from each of the following groups:
physicians, neuropsychologists, physiotherapists, occupa-
tional therapists, neuro-optometrists and speech-language
pathologists. These clinicians will be chosen based on their
recognition as national experts in the management of
post-concussion symptoms, as evidenced by their member-
ship in national concussion guidelines working groups.
Written informed consent is required prior to participation.

Concepts perceived by clinicians to have an impact
on the HRQOL of patients with PPCS will be identified
through semistructured interviews and linked to second
level ICF categories. Feedback from clinicians on the use

of an HRQOL outcome measure will be incorporated into
the design of the questionnaire to facilitate the imple-
mentation of the final questionnaire in clinical practice.

Patient perspective: focus groups

A comprehensive list of HRQOL concepts that are rele-
vant to patients with PPCS will be collected using focus
groups and linked to second level ICF categories using
content analysis.

Patients will be recruited from the Acquired Brain
Injury Outpatient Clinic at the Ottawa Hospital Rehabili-
tation Centre and from community-based medical clinics
throughout Ottawa with known concussion management
programmes.

Patients will be considered eligible for inclusion if they
are English speakers between the ages of 18 and 65 years
and have experienced persistent symptoms for at least
3 months following a diagnosed concussion sustained
between 2008 and 2018. Patients will be excluded if they
have a diagnosis of moderate-severe TBI, if they were
receiving treatment for a pre-existing mental health
disorder or addiction at the time of injury or if there is
evidence of post-traumatic structural injury or intracra-
nial bleeding on diagnostic imaging, if available. Written
informed consent is required from all patients prior to
participating in the study.

We estimate that a minimum of 30 patients will be suffi-
cient to reach data saturation. The patient perspective will
be used to expand on and refine the working conceptual
model and identify the most relevant emerging concepts.

Patients will be asked to identify how their concussion
has impacted their HRQOL through open-ended ques-
tions and review of existing questionnaires, guided by
the working conceptual model. Concepts derived from
patient focus group discussions will be extracted using
content analysis and linked to second level ICF catego-
ries. Concepts will then be deductively coded into the
domains of the working conceptual model. An inductive
approach will also be used to add additional domains
as needed to reflect emerging concepts from the data.
Data collection and linking will be conducted iteratively
during multiple rounds of focus group discussions so
that patients in subsequent groups can confirm the rele-
vance and importance of concepts that have emerged
from earlier discussions. Two independent researchers
will review the domains established through coding to
agree on the final conceptual model. Discrepancies will
be resolved through discussion with a third researcher.

Intercoder reliability between the researchers will be
determined by using the kappa statistic for inter-rater reli-
ability on aselect sample of transcripts. A kappa of >0.7 will
be considered acceptable for intercoder reliability.

Phase | development of a concussion-specific HRQOL
questionnaire

Systematic review

A systematic review will be conducted to determine if
existing generic and TBl-specific HRQOL outcome
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measures possess sufficient content validity to evaluate
outcomes in concussion research. The specific objec-
tives of the review are: (1) to identify existing generic
and TBI-specific outcome measures currently being used
to evaluate HRQOL in patients post-concussion; (2) to
compare the content of existing outcome measures with
the concussion-specific conceptual model of HRQOL
and (3) to assess whether questions in existing measures
reflect domains in the conceptual model (content rele-
vance) and whether all the domains in the conceptual
model are represented appropriately (content represen-
tativeness) by questions in the identified measures. It is
hypothesised that existing HRQOL outcome measures
contain both questions that are relevant to concus-
sion patients, such as cognitive abilities, and questions
not identified by patients as relevant to their HRQOL
post-concussion, such as satisfaction with bodily appear-
ance. More importantly, it is hypothesised that some
concussion-specific domains identified by the conceptual
model will be under-represented or absent from existing
questionnaires, such as social isolation, sense of identity,
uncertainty of prognosis or the stigma of an invisible
injury.

Eight electronic databases will be searched from 1
January 1992 onwards, including Medline (OVID),
Embase (OVID), PsycINFO (OVID), Cumulative Index
to Nursing and Allied Health Literature (CINAHL)
(EBSCO), SCOPUS, the Cochrane Database for System-
atic Reviews, Prospero and Patient-Reported Outcome
and Quality of Life Database (PROQOLID; http://
www.qolid.org). Grey literature will be searched, refer-
ence lists scanned and relevant journals hand-searched.
Search terms will include database subject headings and
keywords for the concepts: ‘concussion’, ‘traumatic brain
injury’, and ‘quality of life’ using a Boolean strategy and
adapted for each database.

Studies will be included if they assess self-reported
HRQOL in adults aged 18-65 years with persistent symp-
toms 1 month or more following a diagnosed concussion.
Studies using proxy measures, single-item rating scales
or involving concussion sustained in conjunction with
multiple trauma will be excluded.

Specific questions from existing outcome measures
will be linked to second level ICF categories to facilitate
content comparison between existing outcome measures
and the concussion-specific conceptual model.'® This
will provide a comprehensive understanding of the
conceptual basis of what is being measured by each of
the outcome measures and identify any potential gaps
in assessment tools. Content validity will be assessed with
respect to content relevance and representativeness.
Within each outcome measure, individual questions will
be considered to possess content relevance if they can
be linked to second level ICF categories of the concus-
sion-specific conceptual model. Content representative-
ness will be assessed to determine the extent to which
the relevant domains within each outcome measure may
be overrepresented, underrepresented or excluded.

If the balance is wrong, the outcome measure will lack
content validity. Consistent with the previous studies,
existing HRQOL outcome measures will be considered
to possess acceptable content validity if 75% or more of
the questions demonstrate both content relevance and
content representativeness.”* Psychometric properties,
including reliability, and responsiveness in a concussion
population will be extracted and analysed from published
reports for any existing measures that meet the above
criteria. Outcome measures will be considered suitable
for use in a concussion population if they demonstrate
a minimum threshold of a kappa statistic of 0.7 for intra-
rater reliability, and at least a moderate effect size of 0.5
for responsiveness, to indicate the ability to measure clini-
cally important change in patients with PPCS.* *® Support
for a new concussion-specific HRQOL outcome measure
will be established if existing outcome measures do not
meet the above criteria.

This systematic review has been registered with PROS-
PERO (CRD42017075588).

Pilot-questionnaire development

Concepts from the final conceptual model will be trans-
formed from second level ICF codes into a comprehensive
list of subjective questions for a pilot concussion-specific
HRQOL outcome measure, hereafter referred to as the
CONcussion quality of life (CONQOL). The CONQOL
will be constructed as a self-administered questionnaire
that evaluates the impact of each concept on HRQOL,
as opposed to how satisfied or bothered a patient is by the
concept identified in the question; for example, ‘How
much does the stigma of an invisible injury impact
your health-related quality of life?’. Framing the ques-
tions from the perspective of how much each concept
impacts HRQOL more directly measures the extent of the
problem; whereas HRQOL questions traditionally framed
as satisfaction or bother may be confusing for patients to
disentangle the magnitude of functional limitations or
activity restrictions from their ability to cope with the
problem.

Patients will be asked to quantify the magnitude of
time or severity of each concept within the past week.
This interval was chosen to minimise the risk of recall
bias and respondent burden, while balancing sufficient
time for the participant to provide a reliable estimate
of the impact of PPCS on their HRQOL. Additionally,
the persistent nature of PPCS makes natural healing
effects unlikely within the specified timeline. The magni-
tude or severity of each question will be rated on a five-
point Likert scale with both descriptive and numerical
anchor points for each response (0=No problem 0%-4%;
1=MILD problem  5%-24%; 2=MODERATE problem
25%-49%;  3=SEVEREproblem  50%-95%  and
4=COMPLETE problem 96%-100%) consistent with the
generic qualifiers used to classify ICF codes (see table 1).""

Respondents will then be required to rank the top
three concerns identified on the questionnaire. Finally,
the CONQOL will enable the respondent to identify in an
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Table 1 Proposed response scale consistent with the ICF
qualifiers

Response

options Descriptor Scaling

0 No problem 0%-4% of the time

1 Mild problem 5%-24% of the time

2 Moderate problem 25%-49% of the time
3 Severe problem 50%-95% of the time
4 Complete problem 96%-100% of the time

Adapted from ICF, by WHO (2001).
ICF, International Classification of Functioning, Disability and
Health.

open-ended qualitative format up to three goals they wish
to accomplish with treatment that would have a positive
impact on their HRQOL. For each goal, the respondent
will be prompted to rate both how important the goal is
and to what extent they have achieved it on a 10-point
Likert scale (1=not at all; 10=extremely/completely).
The addition of patientreported goals is intended to
facilitate clinician—patient communication and identify
priorities for interventions. The CONQOL will be scored
as an index, with scores generated for each subdomain,
and an overall summative score. Each subdomain will be
grouped to represent functional domains identified in
standardised concussion guidelines, such as cognitive,
emotional and vestibular domains, where appropriate.
Grouping questions by functional domains will allow
clinicians to identify areas that need to be assessed in
more detail through further probing of symptoms and
standardised outcome measures. This will streamline the
clinical assessment based on those domains that have the
greatest impact on the patients” HRQOL.

Finally, the CONQOL will include a section that
prompts clinicians to provide patients with relevant
concussion-specific resources, such as external organisa-
tions that provide educational modules, websites, infor-
mative handouts and standardised guidelines. Thus, the
CONQOL will function to evaluate HRQOL, guide clin-
ical decision-making and provide patient education.

Cognitive interviewing

The CONQOL will then be pretested using face-to-face
cognitive interviewing to identify any problems with the
questionnaire items, formatting or administration. The
purpose is to ensure patient understanding, appropri-
ateness of response options and recall period, level of
readability and completeness of the concepts contained
in the questions.27 *® This process is necessary to improve
the design of the CONQOL by informing revision deci-
sions and providing evidence of content validity. Cogni-
tive interviews will be performed using the ‘think-aloud’
technique to describe the patients’ thought process as
they read each question, followed by ‘verbal probing’ if
necessary to clarify any sources of confusion.*

8

This process will be an iterative approach with multiple
rounds of interviewing and item revision. Consistent with
published recommendations, a minimum sample size of
15 will be sought to increase the probability of detecting
problems with the pilot questionnaire.” Initial inter-
views will explore major conceptual problems and global
issues with the CONQOL, with an emphasis on concep-
tual clarity, content coverage and respondent burden.
Subsequent interviews will focus on structural or logical
problems with the CONQOL such as unclear wording,
grouping of questions, formatting issues and appropri-
ateness of questions. Varying perspectives will be elicited
by selecting patients across a broad representation of
demographics, mechanism of injury, previous history of
concussion, employment characteristics and time since
injury. Written informed consent will be obtained.

Questionnaire refinement

Following each round of interviewing, the questionnaire
development team will identify problems on an item-
by-item basis using the Question Appraisal System-99.*
Similar to the qualitative research approach to identify
issues of importance during the item generation phase,
problems with content or construction will be extracted
and coded. The questionnaire development team will
discuss and resolve identified problems after each round
of interviews. Consensus will be required in order to
retain, revise, delete or add additional questions or make
structural changes to the questionnaire. Careful attention
will be paid to ensure that questions pertaining to each
domain of the conceptual model are retained.

Phase Il psychometric testing

Psychometric testing in phase II will involve a cross-sec-
tional multicentre study to assess the test-retest
reliability and construct validity of the CONQOL. Eligi-
bility criteria for patient recruitment will be consistent
with those used for during the qualitative phase of item
development.

Test—retest reliablity

The CONQOL will be assessed for test-retest reliability
at two time points, separated by 2weeks. Based on clin-
ical experience and the chronicity of PPCS, a 2-week
repeat-measures study is an appropriate timeframe to
minimise changes in HRQOL due to either recall bias
or physiological recovery. Sample size will be calculated
to be able to estimate test-retest correlations with a 95%
CI (£0.1) and will follow the recommendation of 5-10
subjects per question on a newly developed outcome
measure.”’ The minimum requirement for test-retest
reliability will be set at a kappa statistic of 20.7.

Internal consistency

Outcome measures that assess a single construct, such
as anxiety, contain questions that reflect the effect
of the construct.” Because these effect indicators are
correlated, the outcome measure is assumed to have a
high degree of internal consistency.”® The theoretical
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nature of HRQOL is such that it may be influenced by
many different unrelated concepts. These concepts,
called causal indicators, are responsible for causing
changes in HRQOL, rather than HRQOL affecting the
concepts.” Correlations between causal indicators may
be deliberately low in order for questions to represent
a broad set of concepts. For example, if patients with
PPCS experience a reduction in their post-traumatic
headaches because of a new medication, their HRQOL
will improve, even though there has been no change
in their exercise tolerance, speed of thinking, level of
fatigue or return to work status. Because a patient can
endorse one concept (eg, improvement in headache)
without implying that they would necessarily endorse
another (eg, level of fatigue), the concepts would not be
expected to necessarily correlate with each other. There-
fore, it would be inappropriate to use statistics based
on the assumption of homogeneity, such as internal
consistency, interitem correlations or factor analysis to
assess the construct of HRQOL, as this might lead to
false assumptions about reliability or usefulness of the
CONQOL.™ Therefore, concepts will be allocated to
subdomains based on their classification according to
ICF chapters. This highlights the importance of signifi-
cant input from patients with PPCS in the development
of the questionnaire in order to ensure a high level of
content validation.

Content validation

Evidence for the extent to which the CONQOL measures
the important concepts of HRQOL in patients with
PPCS will be provided through the rigorous develop-
ment of the questionnaire based on a concussion-spe-
cific conceptual model. Cognitive interviewing with
patients will then further confirm evidence of content
validation by demonstrating that the questions influ-
ence HRQOL, no important concepts were missed and
the response options, recall period and questionnaire
design are appropriate, comprehensive and under-
standable.” This will ensure that each question on the
CONQOL relates to one of the domains of the concep-
tual model (content relevance) and that each domain
of the conceptual model is represented with appro-
priate importance by at least one question (content
representativeness).

Construct validation

Construct validation of the CONQOL will be performed
against the generic measure WHOQOL-BREF and
the TBl-specific measure Quality of Life after Brain
Injury (QOLIBRI) to provide support that the CONQOL
measures what it intends to measure. It is hypothesised
that the CONQOL will demonstrate moderate to high
correlations with these existing measures that eval-
uate the same construct of HRQOL. Spearman’s rank
correlation will be used to assess the strength of asso-
ciation between similar subdomains on the outcome
measures.

Criterion validation

HRQOL is an unobservable construct that cannot
be measured directly. It can only be inferred by how
well questions on an outcome measure fit the under-
lying theory. Since there is no ‘gold standard’ against
which a newly developed HRQOL outcome measure
can be compared, testing for criterion validation is not
applicable.

Significance of study

The strength of the CONQOL to evaluate change in
patients with PPCS will be evidenced by the substan-
tial patient input in the development of the outcome
measure, thus providing support for a high level of
content validation. This concussion-specific HRQOL
outcome measure would meet the specific needs of
patients with PPCS by prompting clinicians to ask rele-
vant probing questions, identify concerns, perform
appropriate  standardised tests, set meaningful
patient-directed intervention goals, facilitate referrals
to specialists and evaluate change.

The proposed design of the CONQOL to provide
clinicians with recommendations for a more focused
assessment and educational resources that match
patient-identified problems would be a novel use of an
HRQOL outcome measure to facilitate patient-centred
care.

ETHICS AND DISSEMINATION

No personal health information will be collected
during this research, and no personal identifying infor-
mation will be accessed from records or databases. Only
names, telephone number and emails of participants
will be available to the research team for the purpose
of screening for eligibility and scheduling. Written
informed consent will be obtained from all participants
prior to taking part in the study. Participants will be
assigned a respondent number, and data collected will
be de-identified. Data will be processed anonymously
and presented as aggregate results.

Within the preparatory phase, no ethical approval
is required to perform either systematic review or
to develop the pilot questionnaire. Ethical approval
was granted by the Ottawa Health Science Network
Research Ethics Board (Protocol #20170720-01 hour)
on 31 October 2017 to conduct the patient and clinical
expert interviews. Ethical approval for psychometric
testing of the outcome measure will be sought by the
Ottawa Health Science Network Research Ethics Board
in Phase II, after the development of the final HRQOL
questionnaire.

The results of this project will be distributed to profes-
sional groups through peer-reviewed publications and
presentations. Additionally, the results of the study will
be disseminated to clinicians at conferences and stra-
tegic meetings.
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