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ABSTRACT

Introduction Concussion/mild traumatic brain injury
(mTBI) often presents initially with disabling symptoms
that resolve, but for an unfortunate minority some of these
symptoms may become prolonged. Although research into
diagnosis and interventions for concussion is increasing,
study quality overall remains low. A living systematic
review that is updated as evidence becomes available

is the ideal research activity to inform a living guideline
targeting clinicians and patients. The purpose of this paper
is to present the protocol of an ongoing living systematic
review for the management of adult concussion that

will inform living guidelines building off the Guideline for
Concussion/Mild Traumatic Brain Injury and Persistent
Symptoms: third Edition.

Methods and analysis The Preferred Reporting ltems
for Systematic Review and Meta-Analysis Protocol
guidelines were followed in the reporting of this systematic
review protocol. We are including English peer-reviewed
observational studies, trials, qualitative studies, systematic
reviews and clinical practice guidelines related to
diagnosis/assessment or treatment of adult concussion.
Future searches will be conducted at minimum every

6 months using the following databases: MEDLINE ALL,
EMBASE, Cochrane, Psycinfo and CINAHL. The data are
managed in the Covidence website. Screening, data
extraction and risk-of-bias assessments are being done
through multiple raters working independently. Multiple
validated tools are being used to assess risk of bias, and
the tool applied matches the document or study design
(eg, Downs and Black Scale for healthcare interventions).
Many concussion experts in various clinical disciplines
from across North America have volunteered to examine
the evidence in order to make recommendations for the
living guidelines.

Ethics and dissemination No ethical approval is
necessary because primary data are not collected. The
results will be disseminated through peer-reviewed
publications and on the living guidelines website once
built.

PROSPERO registration number CRD42022301786.

INTRODUCTION

Concussion/mild traumatic brain injury
(mTBI) describes an acute neurophysiolog-
ical event related to a mechanical energy

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Frequent searches will ensure the accompanying
adult concussion living guidelines are up to date.

= There is a large multidisciplinary concussion ex-
pert team who have volunteered to interpret the
evidence.

= The review focuses only on adults while excluding
the paediatric population, which is a limitation.

= The review is limited to documents published in the
English language.

= Perspectives of the expert team are geographically
limited to North America and may not reflect the full
global perspective.

applied to the head, neck or body (with trans-
mitting forces to the brain), such as from
sudden acceleration, deceleration, rotational
forces or repetitive subconcussive hits.! All
concussions are considered to be an mTBI;
however, mTBI can differ from concus-
sion when there is evidence of brain injury
on conventional neuroimaging or there is
persistent neurologic deficit.! Concussion
can cause meaningful morbidity, with many
persons who have sustained a concussion
suffering from prolonged symptoms for years
post injury.*™* Concussion is also among the
most common neurological conditions with
an estimated annual incidence of 503 per
100000 in the USA based on emergency
department data,” and even higher estimates
of up to 1153 per 100000 if community-based
concussions are taken into account.’ There-
fore, effective diagnosis/assessment and
treatment is critical.

Systematic reviews provide the best evidence
available, and there are many that focus
on concussion management.” '’ However,
systematic review currency and accuracy is
challenged by the increasing rate of research
output.'' " People might consider conducting
a traditional systematic review update, but
these updates tend to be inefficient because
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a new team often needs to be assembled for each update
meaning the ‘institutional memory’ of the original team
is lost."” Living systematic reviews may be an effective solu-
tion. A living systematic review is defined as: ‘a systematic
review that is continually updated, incorporating relevant
new evidence as it becomes available’' (p- 24). In addi-
tion to pushing the limits of currency and accuracy, living
systematic reviews provide an a priori commitment to a
frequency of review giving predictability to end users such
as clinicians."” Applying a living systematic review process
to concussion diagnosis/assessment and treatment is
appropriate given that research output in this particular
field is increasing every year'* and certainty in much of
the existing evidence is low,' making frequent updates
necessary.

Aliving systematic review is the ideal research activity to
inform living guidelines. Guidelines are normally devel-
oped to support clinicians and their patients in making
choices to optimise outcomes."” Living guidelines are:
‘an optimisation of the guideline development process
to allow updating of individual recommendations as soon
as relevant new evidence becomes available’'® (p- 47).
There have been a few guidelines published on adult
concussion." " '® However, no group or organisation has
developed living guidelines to address all aspects of diag-
nosis/assessment and treatment of concussion in adults.
The purpose of this paper is to present the protocol of
an ongoing living systematic review for the management
of adult concussion (eg, diagnosis, initial management,
post-traumatic headache, return to activity) that will
inform living guidelines building off the Guideline for
Concussion/Mild Traumatic Brain Injury and Persistent
Symptoms: third Edition.'

METHODS AND ANALYSIS

The Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocol guidelines' (see online
supplemental material 1) for the completed checklist)
were followed in the reporting of this systematic review
protocol.

Eligibility criteria

The inclusion criteria are: studies related to concus-
sion diagnosis/assessment or treatment; at least 50% of
sample has concussion (eg, a Glasgow Coma Scale score of
13—15,20 confirmation through a standardised concussion
assessment tool, diagnosis by a physician or nurse practi-
tioner) in cases where one group is analysed; at least 50%
of the sample is 18 years of age or older; and the sample
is human. Peer-reviewed observational studies (cross-
sectional, cohort, case—control), clinical trials, qualitative
studies, systematic reviews and clinical practice guidelines
are included. Documents are limited to English language
and publication from May 2017 because that covers the
literature that did not inform the Guideline for Concus-
sion/Mild Traumatic Brain Injury and Persistent Symp-
toms: third Edition."

The exclusion criteria are: studies that focus on
moderate or severe TBI (ie, a Glasgow Coma Scale Score
of less than 13); more than 50% of sample has moderate
or severe TBI in cases where one group is analysed; more
than 50% of sample is under 18 years of age; and the
sample is not human. Case reports/n of 1 studies, non-
systematic reviews, conference abstracts/presentations,
theses, non-peer-reviewed articles (eg, newspaper arti-
cles), letters or commentaries, addendums/erratums and
book chapters are excluded. Documents not available in
English, published before May 2017, or originating from
the grey literature are also not included.

Information sources

The search strategy (see next section) was originally
created in April 2020 for the MEDLINE ALL database
in collaboration with a librarian at a research-intensive
hospital. The strategy was then peer-reviewed by another
librarian at a separate hospital according to the Peer
Review of Electronic Search Strategies (PRESS) guide-
line.”! The PRESS guideline is a checklist of topics that
information specialists should consider when evaluating
an electronic search strategy. The strategy was approved
with minor revisions. EMBASE, Cochrane, PsycInfo and
CINAHL databases are also being searched using the
strategy.

Search strategy

An initial search was completed at the beginning of April
2020 covering May 2017 to the end of March 2020. That
search yielded 19745 results. The search was updated to
cover recent literature published April 2020 to the end
of March 2021. The new search yielded 5071 results,
meaning the total number of search results was 24 816.
The full search strategy for the initial MEDLINE ALL
search has been reported in online supplemental mate-
rial 2 as an example. The next search will cover the liter-
ature published from April 2021 to the end of February
2022 (search to be conducted on 1 March 2022). After
this next search, consistent with living systematic review
recommendations,"” the search is planned to repeat every
6 months at minimum to capture the recent literature.

Data management

The search results are being imported into the Covi-
dence systematic review website.”* This website automat-
ically removes duplicates, and provides the opportunity
for screening, data extraction and risk-of-bias assessments
with multiple raters.

Selection process

After duplicates from the initial searches were removed by
Covidence, 16086 documents remained (11916 from the
initial search and 4170 from the updated search). At the
title and abstract screening phase, raters select ‘yes’,'no’,
or ‘maybe’. A rating of ‘maybe’ is selected when there
is not enough information to choose ‘yes’. However, a
‘maybe’ rating does allow the document to move to the
full-text screening phase.
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For this first phase of screening, a test set of 100 refer-
ences was exported from Covidence into an Excel file. All
raters independently provided a vote for each document
as a calibration training exercise. All votes were compiled
on the spreadsheet and discussions were held to deter-
mine a consensus vote (as required) for each study. The
actual screening was then started in Covidence in dual-
screen mode (ie, two votes were needed per document),
until approximately 1200 documents were completed.
There was less than a 10% conflict rate, and any conflicts
were resolved through discussion with the final decision
being made by a senior researcher. Since the team has
demonstrated satisfactory interrater reliability, only one
vote is now needed from raters to decide whether docu-
ments should move to the full-text screening phase.

Regarding full-text screening, a test set of documents
(n=50) was first exported as a training exercise for the
raters (conflict rate was less than 20%), followed by group
discussion. Each document requires two independent
votes of ‘yes’ to be included in data extraction. In the case
of conflicts, the project leader (a physician with many
years of clinical experience in the concussion field) or
a third rater not involved in the conflict makes the final
decision. Finally, each document has been given labels
to reflect important themes in the research. Most docu-
ments have received at least one label that match the 12
sections appearing in the Guideline for Concussion/Mild
Traumatic Brain Injury and Persistent Symptoms: third
Edition." For example, a common label has been ‘diag-
nosis/assessment of concussion/mTBI’, which is the first
section title of the current guideline. Other labels such as
‘biomarkers’ reflect other themes that may be added to
the original 12 sections if the experts deem it appropriate.

Data collection process

A standardised data extraction form was created by the
investigators in Covidence to ensure relevant data are
collected (see next section for Data items). The raters
completed extraction together for several articles per
main study design or document type (eg, intervention,
observational, systematic review, qualitative research, clin-
ical practice guideline) in order to enhance inter-rater
reliability. Two raters extract data from each included
document independently. A third rater completes
‘consensus’ for each article. In Covidence, the consensus
rater has the ability to view the original two extractions
simultaneously and can then select the best response or
can write their own based on the information provided
by the raters.

Data items

The data extraction form has the following sections:
document ID (assigned by Covidence); authors; year
of publication; title of paper; country in which study
was conducted; aim(s) of study related to assessment or
treatment; study design; specific design information (eg,
group information, intervention treatment, measurement
time points, etc); relevant outcome measure information;

study definition of concussion; number of participants
for each group; gender frequencies and percentages for
each group; average age and SD for each group; and find-
ings related to assessment or treatment.

Outcomes and prioritisation

Due to the breadth of the present review, no specific
outcomes are sought. Any outcome that contributes to
understanding of diagnosis/assessment and treatment of
adult concussion is considered relevant.

Risk of bias in individual studies
Risk-of-bias assessment is currently being conducted at
the study or document level (not outcome level). Inter-
rater reliability optimisation and the rating and consensus
procedures are the same as those in data extraction.
However, the consensus process only allows the third rater
to select a final response due to the nature of the form.
A variety of validated tools have been included in the
review. Each tool pertains to the study design or docu-
ment type. The following tools were included with very
minor modifications: Downs and Black Scale for health-
care interventions;” an amalgamation of items adopted
from the Joanna Briggs Institute (JBI) critical appraisal
tools for observational studies;** Critical Appraisal Skills
Programme (CASP) for qualitative studies;” A MeaSure-
ment Tool to Assess Systematic Reviews (AMSTAR 2)
for systematic reviews;** and Appraisal of Guidelines for
REsearch and Evaluation (AGREE II) for clinical practice
guidelines.?”” The scoring is as follows: Downs and Black
(/28);]BI (/16); CASP (/9); AMSTAR 2 (/20); AGREE 11
(23 items each scored on a scale ranging from 1 (strongly
disagree) to 7 (strongly agree)). The tools are provided in
online supplemental material 3.

Data synthesis
In order for the findings to be translated to recommenda-
tions in the living guidelines, over 35 concussion and TBI
experts from across North America have thus far volun-
teered to interpret the evidence. Each expert must have
peer-reviewed publications about adult concussion and/
or be recommended by a current expert panel member.
All experts also must be approved by the project leader.
Currently, 12 groups covering the sections appearing
in the Guideline for Concussion/Mild Traumatic Brain
Injury and Persistent Symptoms: third Edition' have been
created. A minimum of five experts have been assigned
to domain areas that match their expertise. This number
was deemed by consensus to be necessary to reduce bias
in decision-making and to encourage discussion. Each
expert is also required to declare any conflicts of interest.
The experts deal only with documents related to their
domain area. The summarised information from the
data extraction form (including risk-of-bias assessments
and full-text copies of each document) is provided to the
expert panels. The experts also receive documents/assess-
ments of documents informing the third edition recom-
mendations for that domain area, related guidelines
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since 2010 (with AGREE II ratings), and a list of relevant
evidence for each individual recommendation within a
domain area. Ratings for the overall quality of evidence
and the strength of recommendation pertaining to only
relevant evidence for each recommendation is based on
the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) approach®* (see Confi-
dence in cumulative evidence section below for more
details). Finally, there are voting options to keep, modify
or delete recommendations based on the new relevant
evidence. Space to write a revised recommendation
and to propose new recommendations is also provided.
Several weeks later, the expert panel meets virtually 1-2
times with a group moderator through a video call to
make decisions. Afterwards, results of the meeting(s) are
circulated to the entire expert team for feedback. Based
on this feedback, the project team makes the necessary
revisions. Finally, a round of voting (and feedback) will
occur with the entire expert team. See online supple-
mental material 4 for the full guideline domain update
algorithm.

Meta-bias(es)

There are no planned assessments of meta-bias(es) (eg,
publication bias, selective reporting within studies) due
to the nature of this review.

Confidence in cumulative evidence

The GRADE approach is being used to rate the overall
quality of relevant evidence informing each recom-
mendation. This approach initially labels randomised
controlled trial evidence as high-quality and observa-
tional study evidence as low quality. Ratings are lowered
if there is risk of bias, inconsistency in results, indirect-
ness (ie, studies not examining interventions, patients
and outcomes of interest), imprecision (eg, large Cls)
and publication bias. Ratings can be elevated if there are
large effect sizes, evidence of a dose-response gradient,
and if all possible confounding would reduce a demon-
strated effect or would suggest a spurious effect if no
effect was observed. The quality of evidence is rated
as very low, low, moderate or high.*® We have made an
amendment in cases where there is a mix of randomised
controlled trials and observational studies informing a
recommendation. In these cases, if at least 50% of the
studies are randomised controlled trials, the grading
will begin at high quality. Also, we have made the deci-
sion that in cases where a recommendation is based on
expert opinion only, the quality of evidence will be ‘very
low” because it is based on anecdotal clinician obser-
vation.® Each recommendation is also rated as being
strong or weak based on a cost/benefit analysis. There
are four specific factors that determine the strength of
recommendation: magnitude of the difference between
desirable and undesirable effects, quality of evidence,
the values and preferences of patients, and the resources
that need to be expended.”

Patient and public involvement

Patients or the public are not involved in the design or
conduct of the research. However, these individuals will
be involved in the drafting of guideline recommendations
designed for clinicians, the production of the patient
version of guideline recommendations and the review of
resources that accompany the guidelines.

DISCUSSION

Concussion can lead to health issues acutely and in some
cases may result in prolonged symptoms.*™* There is
continued need for up to date guidelines to assist clini-
cians in managing persons with concussion and prolonged
symptoms where the complex presentation of symptoms
can often be challenging for the primary care provider to
manage. In addition to this, research output in this field
is also increasing every year'* where study quality is typi-
cally low," making a living systematic review of diagnosis/
assessment and treatment of adult concussion necessary.

Although this review has many strengths, it is not
without limitations. First, only papers published in the
English language are being included so other potentially
valuable documents could be missed. Our multidisci-
plinary expert team, although large, is also geographically
limited to North America. Therefore, recommendations
included in the living guidelines may not reflect the full
global perspective. Also, only a minimum of five content
experts are involved in the initial examination of the liter-
ature and recommendations for each specific domain.
Although it would be ideal to include the entire expert
team at this phase, it is not feasible because of the work-
load. Finally, regarding demographics, the review focuses
only on adults and on concussion while excluding the
paediatric population. The guidelines could potentially
be more comprehensive if paediatrics were included
but it is not feasible given our infrastructure which is
primarily adult expert focused and there are now avail-
able parallel paediatric concussion living guidelines™
using similar rigorous approaches which have formal ties
to these guidelines.

This continuous review process will greatly benefit clini-
cians and patients by informing living guidelines that will
lead to timely guideline recommendations that over time
will have increasing certainty as the evidence improves.

Ethics and dissemination

No ethical approval is necessary because primary data are
not collected. The review results will be published in peer-
reviewed journals in addition to being on the guidelines
website in order to enhance dissemination and imple-
mentation. Any important amendments to this protocol
will be documented on the guidelines website.
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