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Project overview: Mental health problems frequently complicate recovery from mild traumatic brain 
injury (mTBI) but are under-recognized and under-treated. Our research program aims to identify 
evidence-based strategies for closing this knowledge-practice gap. Building on a successful pilot trial, 
we will conduct a cluster randomized trial (cRCT) to evaluate a clinical practice guideline 
implementation tool designed to support proactive management of mental health complications after 
mTBI in primary care. 
1. Need for a Trial.
1.1. Problem. About 250,000 Canadians (70% male) sustain an mTBI each year1–3. mTBI accounts for 
at least 80% of all TBIs1, and by definition, includes all “concussions.” Although sport-related 
concussions have dominated media attention, most mTBIs in adults result from falls and motor vehicle 
crashes4,5. The initial clinical presentation can include cognitive impairment, balance problems, and a 
constellation of symptoms, such as headaches, fatigue, light sensitivity, and difficulty concentrating. 
These sequelae typically resolve spontaneously within a month6–8, but recovery is prolonged or 
incomplete in at least 15-30% of individuals9–11. Persistent symptoms are associated with reduced work 
productivity12,13 and quality of life14, often for years after injury. mTBI is responsible for $1.5 billion per 
year in acute hospital costs in Canada, and far more in indirect costs, primarily from community-based 
health care use and productivity loss in patients with persistent symptoms1,15. 
Approximately 25% of patients will develop a mental health disorder within 3 months of mTBI16,17. 
Specifically, between 9-28% will meet criteria for a Major Depressive Episode16–22. Anxiety disorders, 
particularly Posttraumatic Stress Disorder (PTSD), are at least as common16,17,22–24. Patients with mTBI 
are at higher risk for mental health disorders than patients with traumatic orthopaedic injuries not 
involving their head16,17. Paradoxically, patients with mTBI are also at higher risk for mental health 
disorders than those with more severe TBIs23,25. 
Depression and anxiety frequently complicate recovery from mTBI23,26–28. These conditions magnify the 
overall symptom burden after mTBI and can cause or worsen cognitive impairment29,30. A history of 
pre-existing mental health problems is among the best-established prognostic factors of poor mTBI 
outcome31–33, presumably reflecting a predisposition to post-injury mental health problems16. Patients 
who develop a new or worsened mental health disorder after mTBI are 2-4 times more likely to have 
long-term functional impairment than those with mTBI alone16. Furthermore, cross-lagged analyses 
suggest that depression and anxiety precede, and presumably cause, long-term functional impairment34. 
In our pilot cohort study (Section 2.19)35, a positive screen for depression or anxiety at clinic intake was 
associated with higher post-concussion symptom scores 1 and 3 months later (Cohen’s d=.80-.87, 
p<.001). By the time patients with chronic symptoms following mTBI are seen in outpatient specialty 
clinics, most have clinically significant mental health problems36,37. 
New evidence-based Canadian clinical practice guidelines, the 2018 Ontario Neurotrauma Foundation 
(ONF) Guidelines for mTBI/Concussion & Persistent Symptoms38, highlight early mental health 
screening and treatment initiation in primary care (Recommendation 2.538) as an implementation priority 
based on expert panel voting. The ONF Guidelines also provide psychological and pharmacological 
treatment recommendations based on Level A evidence. These recommendations are grounded in (i) 
systematic reviews of randomized control trials supporting the efficacy of selective serotonin reuptake 
inhibitor medications39–41 and psychotherapy41–44 for depression and anxiety in people without mTBI, (ii) 
evidence that these treatments work similarly in patients with depression or anxiety after mTBI45,46, and 
(iii) expert consensus that mental health treatment need not be modified for mTBI38,47,48. The ONF
guidelines explain that mental health problems should be targeted before attempting to treat “secondary”
post-concussion symptoms, such as fatigue and cognitive dysfunction, because secondary symptoms can
be expected to improve with mental health treatment.
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Prior studies estimate that less than half of patients with depression or an anxiety disorder after mTBI 
receive mental health treatment16,49, indicating a major knowledge-practice gap. In our pilot trial35, 
<30% of control group participants who screened positive for depression or anxiety received timely 
(within 3 months) mental health treatment or referral from their family physician (FP). We also know 
that patient follow-through with recommended mental health treatment (“take-up”) is often poor50–52; 
even if the FP takes appropriate action, the patient might not comply. No prior studies have 
specifically assessed mental health treatment take-up after mTBI. As patients with mTBI tend to 
over-attribute their symptoms to brain damage (versus comorbid depression, for example.)53,54, 
mental health treatment take-up may be even more limited in this population. 
1.2 Research questions. Our primary aim is to evaluate the 
effectiveness of an implementation intervention designed to 
facilitate timely detection and treatment of mental health 
complications in primary care. We hypothesize that the 
guideline implementation tool will be associated with better 
clinical outcomes compared to usual care.  
The guideline implementation tool involves each patient 
completing depression and anxiety screening tests on a 
web-based platform at 2 and 12 weeks post-injury, with two 
main intervention components (Figure 1): (i) sending an 
auto-generated tailored follow-up letter to the patient’s FP 
highlighting their test results and providing associated 
treatment recommendations from the ONF guidelines. FPs 
can provide more efficient and effective care when their 
patients with mTBI arrive with actionable symptom 
screening test results; (ii) Activating patients for the clinical 
encounter by providing them with written education 
materials about mental health problems after mTBI and 
treatment options. Engaging patients may not only improve 
their treatment take-up, but also further improve their FP’s 
adherence to clinical practice guidelines1. 
The secondary aim is to study the mechanisms underlying the intervention effects by: 
(i) Confirming that FPs in the experimental (guideline implementation tool) arm were more likely
to initiate mental health treatment for patients with depression and/or anxiety (i.e., adhere to the
new ONF guidelines), based on blinded chart audits.
(ii) Exploring whether patients in the experimental arm reported greater treatment intention, decision
comfort, and take-up.
1.3 Rationale. A trial is needed to determine how to close the gap between knowledge (mental health 
disorders after mTBI are common, debilitating, and treatable) and practice (mental health disorders after 
mTBI are under-recognized and under-treated). Awareness of, and agreement with evidence-based 
clinical practice guidelines are rarely the major factors limiting their use57. Guideline implementation 
tools facilitate clinician behaviour change (i.e., guideline adherence)55, but like other kinds of 
interventions, require rigorous empirical evaluation in new populations and settings58. We will perform a 
triple-blinded cluster randomized trial (cRCT) to evaluate whether supporting FPs to provide proactive 
mental health-responsive intervention after mTBI can prevent symptom chronicity. Because most 
Canadians have access to a FP59, improved primary care for mTBI can have a substantial impact on 
public health58. We target the transition from ED to community-based primary care because that is 
where the continuity of mTBI care often fails60, and when mental health complications emerge17,19,20,61. 
1.4. Use of results. Findings from this study will guide implementation scale-up across Canada and 
elsewhere. We have developed a detailed integrated KT plan to facilitate this scale-up (Section 3.1). 

1.5. Safety risks. The experimental interventions involve supplementing usual care by carrying out mental health 
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screening outside of the primary care clinic and making the results available to FPs in an actionable format. 
The FP letter includes a caveat that it is not intended to supplant clinical judgment. One of the screening 
measures (Patient Health Questionnaire; PHQ-962) queries suicidal ideation. A research assistant will call any 
participant within 24 hours who endorses suicidal ideation (item 9 score of 1+) to administer the Columbia-
Suicide Severity Rating Scale-Screener63 and triage as follows as detailed in the “distress management plan”: 
Score of 1= offer to send Coping with Suicidal Thoughts (a workbook that provides safety planning support, 
including crisis line phone numbers), explaining it “may not apply”; Score of 2-3 or 4 without recent suicidal 
behaviour=Send Coping with Suicidal Thoughts and encourage participant to see their FP, regardless of 
randomization assignment; Score of 4-5=Encourage urgent ED evaluation. If the participant refuses to take 
the C-SSRS the research assistant will offer to send the participant an electronic copy of the “Coping with 
Suicidal Thoughts” and encourage the participant to see their family doctor or walk-in clinic doctor within 
the next few days, or to go an Emergency Department or call 911 if there is an immediate concern. 
Additionally, the research assistant will ask the participant if they would like them to contact a support person 
to tell them that the participant is struggling with thoughts about suicide. This may be a doctor, therapist, 
family member, or friend. If the participant declines, the research assistant will proceed to step 6 in the 
“distress management plan”. If the participant accepts, the research assistant will collect contact information 
for the support contact and with the participant that they will only share that “[Participant’s name] is 
participating in a concussion research study. I am a research assistant for the study. When answering routine 
questions as part of the study, [Participant’s name] acknowledged struggling with thoughts about suicide. 
They wanted you to know.” The research assistant will not share any additional information about the 
participant and that if the support person has follow-up questions, they will need to direct their questions to 
the participant themselves. The research assistant will make 3 attempts to contact the designated person, with 
the first attempt being within 24 hours of the assessment. If the contact person does not answer, a voicemail 
message will be left, if that is an option.  
One of the outcome measures that will be conducted by telephone (MINI version 7.0.2 for DSM-5108) also 
includes a question about suicidal ideation. If a participant endorses this question, the research assistant 
will complete the MINI interview and immediately after, administer the Columbia-Suicide Severity 
Rating Scale-Screener63 and follow the same protocol for triaging and responding described above. 
Intimate partner violence is a possible cause of mTBI65. To facilitate engagement of patients with this 
mechanism of injury and prevent recurrent violence associated with their participation in the study, we 
will (1) offer a flexible means of contact, including use of an alternative phone number for a trusted 
friend or family member, and (2) a “quick exit” button on every study- specific web screen that links to 
a neutral site (google.ca). 
2. Proposed Trial. 
2.1. Design. We propose a triple-blinded (treatment provider, patient, assessor) cRCT with two arms. 
The intervention involves collecting screening test results from patients and a complex intervention with 
two components: sharing the screening test results in an actionable format with their FPs and activating 
patients for the clinical encounter with the FP by sharing education materials about mental health 
problems and treatment options after mTBI. The comparison group is usual care. Figure 1 shows the 
flow through the study. Patients who visit an ED for mTBI will be introduced to the study, in a manner 
that the ED site lead, in consultation with their clinical team, can adapt for their local context (e.g., 
invitation letter appended to routine discharge instructions). A research assistant will contact the patient 
2 weeks later by telephone to confirm their eligibility and seek informed consent. Participants will be 
emailed a study- specific Public Survey Link hosted on REDCap to enter their gender, demographics, 
and health history, designate a specific FP (or walk-in clinic) where they plan to seek follow-up care, 
complete a release of health record authorization form specific to their FP records and a Consent for 
Release of PharmaNet Patient Record, and complete the mental health screening questionnaires (2-4 
min each, validated for self-completion) recommended by the ONF Guidelines: 
a. Patient Health Questionnaire (PHQ-9) is a 9-item symptom inventory developed to screen for Major 
Depressive Disorder in primary care. It has repeatedly demonstrated strong case-finding properties 
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(sensitivity=.77-.80, specificity=.92-.94)66,67. The standard cut-off, >10, has similar diagnostic efficiency 
for depression after TBI68–70, though a more conservative approach that also requires at least one of the 
cardinal depression symptoms (sadness and/or anhedonia) to be endorsed (i.e., item rating of 2+) is more 
appropriate for mTBI30,69. There is symptom overlap with mTBI and depression, but strong evidence that 
a symptom-inclusive diagnostic approach (i.e., counting all possible depressive symptoms towards a 
diagnosis regardless of etiological attribution) most accurately identifies depression after mTBI68,71. 
b. Generalized Anxiety Disorder (GAD-7) scale is a 7-item instrument that has been validated as a 
primary care screening tool, not only for GAD but also other anxiety disorders, including PTSD72,73. A 
cut-off score >10 is also optimal for this measure. 
Immediately following the 2-week assessment, the participant’s FP clinic will be randomized (Section 
2.3). Participants will complete mental health screening (PHQ-9 & GAD-7) again at 12 weeks post- 
injury, and an outcome assessment at 26 weeks post-injury (Section 2.8).  
To help characterize the sample, the following demographic and injury characteristics will be extracted 
from ED patient charts using a standardized form: age, sex, mechanism of injury, lowest Glasgow Coma 
Scale score, pre-injury health conditions and medications, toxicology screen results, computed 
tomography (trauma-related intracranial pathology, negative, or not ordered), and discharge disposition. 
The proposed study design was informed by our successful pilot trial (NCT03221218)35 (Section 2.19, 
Figure 2). We retained most design features, but made a few refinements. Whereas the guideline 
implementation tool in the pilot trial also included screening results/treatment recommendations for 
headache and insomnia, we will now focus on mental health problems because: (1) the 2018 3rd edition 
of the ONF Guidelines highlight early management of mental health problems as an implementation 
priority, (2) providing too many treatment recommendations may interfere with FP decisional 
processes, according to the Theoretical Domains Framework (TDF)75, (3) our pilot trial revealed 
stronger evidence of under-treatment for depression and anxiety vs. headaches and insomnia, and (4) 
the pilot trial demonstrated a more robust intervention effect for treatment initiation for 
depression/anxiety than for headaches and insomnia35. The proposed cRCT also improves on the pilot 
trial by: incorporating a patient engagement component into the intervention to address potential 
treatment take-up issues, having an objective mechanistic outcome (chart audit vs. patient recall of 
their FP’s actions in the pilot trial), and recruiting from EDs rather than outpatient specialty concussion 
clinics to capture a broader, more representative (generalizable) sample of patients, earlier in their 
recovery. 
2.2. Interventions. The two arms of the cRCT (Figure 1) will be: Arm 1 (control): a generic letter 
drawing the FP’s attention to the ONF Guidelines, which we regard as inert (passive dissemination of 
clinical practice guidelines is ineffective76), and therefore equivalent to usual care. Patients will be 
sent instructions about how to access generic education materials about mTBI (from 
concussion.vch.ca/), which they should have received anyway as part of usual care.  Arm 2 
(guideline implementation tool): a tailored letter addressed to the FP with their patient’s mental 
health screening test results and associated treatment recommendations from the ONF Guidelines. In 
addition, patients be sent an information package to learn about mental health problems after mTBI, 
and treatment options to discuss with their FP. These materials are available in the Appendix. 
The information package for patients (was co-created with two patient partners (details in Section 3.1). 
It contains (a) a cover letter that provides a lay explanation of the screening test results and encourages 
patients to not self-diagnose but rather to discuss the possibility of a mental health disorder with their 
FP, (b) a consumer-friendly educational pamphlet about mental health problems after mTBI, and (c) a 
decision-aid for mental health treatment. The decision-aid “Depression: Treatment options” was 
developed by Option GridTM and rated favourably (6/7 criteria met) on the International Patient 
Decision Aid Standards by The Ottawa Hospital Research Institute’s Decision Aid Library Inventory 
independent review. For the present study, we modified the decision-aid to (i) include anxiety, (ii) 
reflect treatment costs in the local health care system, and (iii) replace foreign with local resources (see 
Appendix). The purpose of this information package is to empower patients to start and/or more 
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actively participate in a discussion about mental health issues with their FP. Similar patient-mediated 
interventions have been shown to increase the likelihood that physicians prescribe treatment56 as well as 
strengthen patients’ intention to pursue a particular treatment, enhance their comfort with their treatment 
decision, and improve their adherence to the treatment77–79. The information package for patients in 
Arm 2 will include instructions about how to access generic education materials about mTBI (from 
concussion.vch.ca/), as in Arm 1. 
We followed a systematic approach for designing an intervention to implement evidence into 
practice80,81, executing the following steps: 
i.Clarify who needs to do what, differently. The who is FPs and the what is to implement the ONF 

guideline to screen and initiate treatment for mental health disorders “within the first few weeks” 
after mTBI38. Patients whose post-concussion symptoms do not promptly resolve after mTBI return 
to see their FP on average 4-5 times over the 12 weeks after injury82,83, which is the ideal window to 
initiate proactive management of mental health complications38,84. By the time patients with mTBI 
reach specialty care, they often have intractable symptoms and comorbidities36,37,83. FPs are the 
gateway to both specialized mTBI care and mental health services. Their role and frequent/early 
contact with patients post-mTBI uniquely positions FPs to fulfill the ONF guideline. 

ii.Identify which barriers and enablers need to be addressed. The TDF75 was derived from 33 
psychological theories of behaviour change to facilitate a diagnosis of evidence implementation 
problems, and analysis of context-specific factors that support or interfere with clinician behaviour 
change. Based on a literature review and TDF-driven qualitative interviews with FPs (Section 2.19), 
we identified four TDF domains most relevant to proactive management of mental health 
complications after mTBI in primary care (Table 1, column 1). 

iii.Develop a package of behaviour change techniques to address the barriers/facilitators identified in step ii. 
Three main factors shaped our selection of behaviour change techniques (from a validated taxonomy85) and 
a method for their delivery: (1) expert consensus of how behaviour change techniques map on to TDF 
domains86, (2) APPEASE criteria81, specifically affordability, practicality, acceptability (our FP Knowledge 
User and other stakeholders’ judgements about appropriateness), safety, and equity, and (3) desirable 
features of guideline implementation tools based on an international survey of developers87.The guideline 
implementation tool incorporates the behaviour change techniques listed in Table 1. 

 
Table 1. Elements of health provider behaviour change addressed by the intervention. 
Theoretical Domains Framework target and evidence 
for barrier/facilitator 

Behavioural 
change technique 

Application of behavioural change 
technique 

Context/resources: Though virtually all FPs encounter 
patients with mTBI, few (~10%) see more than 10 mTBI 
cases per year88,89; remembering the details of mTBI 
practice guidelines may be challenging. 

Prompt/cue [7.1] Tailored letter available at point-of- 
care (in the patient’s chart) to serve as 
reminder. 

Behavioural regulation: FPs report having inadequate 
practical guidance (e.g., treatment algorithms specific to 
mTBI)90, and highlight concise, tailored recommendations 
as an implementation facilitator57,91,92. 

Instruction on how 
to perform the 
behaviour [4.1] 

Tailored letter provides actionable 
screening test results and highlights 
linked recommendations from dense 
250-page practice guidelines. 

Social influences: In our qualitative study (Section 2.19), 
FPs perceive that patients are often resistant to the notion 
that psychological factors may be complicating their 
recovery from mTBI, and prefer to focus the encounter on 
their physical symptoms. 

Information about 
others’ approval 
[6.3] 

Education package for patients will 
increase their openness to discussing 
mental health issues. 

Note. [X.X] denotes the Behavioural Change Technique Taxonomy Version 185 code. 
2.3. Participant allocation. The unit of cluster randomization will be the FP clinic (physical address). 
Participants will provide the name of their FP or the walk-in clinic where they plan to seek follow-up 
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care. It is important to include the latter because 15.8% of patients in our pilot trial35 reported not having 
a dedicated FP, instead accessing their primary care through a group walk-in practice. There are two 
constraints to randomization. If the FP designated by a patient participant has already been randomized 
(because they also care for a previously enrolled participant), the FP will retain their assignment. If 
another FP at the same practice location as the designated FP has already been randomized, they will 
receive the same assignment. This strategy will avoid potential contamination within settings. Permuted 
blocks of varying size will be employed. An independent statistician will generate the randomization list 
and upload it into the REDCap project. Once a new patient enrolls, the Study Coordinator will obtain the 
next allocation in the sequence by accessing the REDCap project. 
2.4. Bias and mitigation strategies. Internal validity: Treatment allocation bias will be mitigated by 
employing central, web-based concealed randomization; only the independent statistician will have 
access to the randomization list during the recruitment period. Treatment assignment will be concealed 
from the outcome assessor. FPs will be blinded to assignment to mitigate performance bias. To achieve 
this, FPs will not be approached for enrollment. Rather, they will be informed that their patient is 
participating in a research study but they will not be informed about the objectives of the research study 
or the content of the intervention. This way, we can observe their behaviour with minimal influence 
(Hawthorne effect93). FPs will be debriefed at the conclusion of the study. We used the same procedures 
in our pilot trial35. Patients will be blinded to their treatment assignment. During informed consent, 
patient participants will not be given details about the content of the materials they will receive to 
prevent them guessing whether they were allocated to the experimental or control (usual care) arm. 
External validity: Recruiting from EDs (the point of entry into the health system) and pragmatic 
eligibility criteria, will increase generalizability. Proactive researcher-initiated recruitment will facilitate 
inclusion of vulnerable patients. 
2.5. Eligibility criteria. (i) Age 18-70 years old, (ii) presentation to ED within 72 hours of injury, (iii) 
probable mTBI diagnosis based on Mayo Classification System for Traumatic Brain Injury Severity 
applied to the ED chart, confirmed by patient self-report of signs/symptoms consistent with World 
Health Organization Neurotrauma Task Force diagnostic criteria94, as we have done in prior 
studiese.g.95, (iv) fluent in English (v) primary residence in BC, (vi) designate a specific FP or walk-in 
clinic where they plan to seek follow-up care, and (vii) no pre-existing unstable neurological 
condition (multiple sclerosis, dementia, etc.). 
2.6. Patients will be eligible whether or not they have co-occurring orthopaedic injuries, prior mTBI(s), 
or pre-injury mental health problems, all of which are common (>20%)96. The only requirement for the 
FP is “Active, Full Practice” registration status in the College of Physicians and Surgeons directory. 
2.7. Treatment period duration. Letters will be sent to FPs twice, within 48 hours of the patient 
participants completing their 2- and 12-week screening assessment. This timing is based on the ONF 
Guidelines recommendation for early screening, and the natural clinical course of depression after mTBI 
(the natural history of anxiety disorders is less well-established), which has a peak incidence at 2-4 
months post-injury17,19,20,61. Patients who remain depression-free at that point are very likely to remain 
depression-free19. The FP may diagnose and initiate mental health treatment at any time, prompted by 
the 2-week or 12-week tailored letter, or neither. Participants will be encouraged to visit their FP within 
the month following each screening assessment, allowing 72 hours for the study letters to arrive. Most 
participants (~95%) in our pilot trial35 visited their FP within a month. 
2.8. Follow-up timing. Patients will complete outcome measures at 2, 12, and 26 weeks post-injury. 
The timing of the final 26-week (i.e., 6 month) outcome should enable us to capture treatment response 
for patients who started mental health treatment relatively late (>14 weeks post-injury). Recovery from 
mTBI usually reaches plateau by 6 months post-injury97,98. 
2.9. Outcome measures. The primary outcome will be will be the rate of mental health disorder 
(depressive, anxiety, or trauma-related disorder) at six months post-injury, determined by the corresponding MINI 
version 7.0.2 for DSM-5108 structured diagnostic interview modules for these conditions. 
Post-concussion symptom severity, measured with the Rivermead Postconcussion Symptom 
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Questionnaire (RPQ)99 total score, will be the secondary outcome. The RPQ is the only outcome measure 
designated as “core” in the National Institute of Neurological Disorders and Stroke Common Data 
Elements for both TBI and sport-related concussion. The RPQ queries the current severity of 16 
common symptoms and correlates strongly with measures of disability and quality of life100–103. The 
RPQ has high test-retest reliability (0.89)100. The majority of patients in our pilot trial who rated 
themselves as “much improved” on a global impression of change scale obtained an RPQ change score 
of greater than 7 (equivalent to 0.5 standard deviations), suggesting that an improvement of that 
magnitude represents a Clinically Important Difference. There is conflicting evidence for RPQ’s 
unidimensionality100,104,105. As in prior mTBI clinical trials106,107, the total score (i.e., global symptom 
burden) will be our primary endpoint, but we will conduct additional analyses to explore the sensitivity 
of our results to various factor analytic-derived symptom domain scores. The RPQ takes 2-4 minutes. 
Tertiary patient-reported outcomes will include measures of depression (PHQ-9) and anxiety (GAD-7) 
symptoms, illness perception (Illness Perception Questionnaire-Revised) functional impact of 
psychiatric illness (Sheehan Disability Scale109), work absenteeism and presenteeism (Lam Employment 
Productivity Scale110), global disability (World Health Organization Disability Assessment Schedule 2.0 
12-item111) and the PC-PTSD-5 (Primary Care Post Traumatic Stress Disorder for DSM-5 screen).  
This battery of secondary outcomes takes~30 minutes to complete. FP behaviour will be assessed via 
chart audit. FPs will be coded as adherent to the ONF Guidelines if they initiate evidence-based mental 
health treatment for a patient who screens positive for depression or anxiety within the observation 
period by (i) referring the patient to a psychologist, counsellor, or psychiatrist, or (ii) prescribing a 
medication listed as first- line in the ONF Guidelines. Although the mental health screening tests have 
high sensitivity and specificity, not all patients with a positive screen will meet diagnostic criteria on in-
depth clinical assessment. Some patients with positive screens may already be under treatment for a pre-
existing mental health disorder. These factors may result in misleading estimates of the overall rate of 
FP adherence, but will minimally affect the contrast of interest – differences in FP adherence between 
the treatment arms. To assess feasibility of accessing FP charts, we submitted 20 record requests for 
patient participants in the pilot trial35. Of these, 15 were provided promptly, 4 required a follow-up 
phone call to the office assistant +/- refaxing, and 1 clinic required the patient to obtain their own 
records in person. 
To supplement chart audits, we will (i) ask patients in the 12 and 26-week assessments what their FPs 
did for them with respect to mental health care using the Perceived Need for Care Questionnaire, and 
(ii) access patients’ PharmaNet (provincial database for medication prescriptions) records for the 6 
months prior to mTBI and 6-months post-injury observation period. 
Potential benefits of a patient engagement component, other than higher FP guideline adherence, may 
include higher treatment intention, decision comfort, and treatment take-up and adherence56,112. We 
will administer patient-reported measures at 12 and 26 weeks post-injury to assess these tertiary 
outcomes. Specifically, we will ask patients about their mental health treatment use and perceived 
barriers by administering Perceived Need for Care Questionnaire and control preferences scale.  
Outcome measurement methods. Blinded research assistants will administer the MINI 
psychodiagnostic interview (primary outcome), RPQ (secondary outcome), GOS-E, WHODAS, and 
Perceived Need for Care Questionnaire (tertiary outcomes) by telephone, at 12 and 26 weeks post-
injury. Participants will be given the option of completing the self-report tertiary outcome measures 
over the telephone (by staying on the phone line) or just after, on the internet. Participants who prefer 
the latter will be sent a new REDCap survey link. Participants will have already completed health 
record release authorization forms at study entry. As in our pilot trial35, we will submit requests for FP 
charts covering the observation period (date of injury to 6 months later) to be faxed or mailed to our 
research lab. The requests will include a cover letter, a copy of the patient’s written authorization, and 
a pre-filled return fax coversheet. If not received within the requested 5 business days, the Study 
Coordinator will follow up with the medical office assistant. A research nurse will conduct FP chart 
reviews with a standardized extraction form (see Appendix). To keep the research nurse blinded to 
the FPs treatment allocations, the Study Coordinator will redact the study letter from FP chart. FP 

https://www.commondataelements.ninds.nih.gov/
https://www.commondataelements.ninds.nih.gov/
https://www.commondataelements.ninds.nih.gov/
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chart requests will only be made in the final stage of data collection, after patient enrollment is 
complete, to not alert FPs that their notes will be accessed for research purposes and thereby influence 
their behaviour. 
2.10. Sample size and power calculations. The target recruitment is 530 patients (~40% women1) to 
yield at least 450 evaluable patients at week 26 (allowing for 15% loss to follow-up).  
 Based on 5000 simulations with the following assumptions: ICC = 0.2, maximum cluster size = 3, 
incidence of 20% with a mental health disorder in the control group, fitting with GEE,we will have 
>80% power to detect a 10% reduction in the rate of mental health disorder in the guideline 
implementation tool arm compared to the control arm. 
2.11. Health service research issues. We will calculate the sustainability cost of the KT strategy in 
collaboration with our technology partner. 
2.12. Recruitment. According to injury surveillance data5, almost 17,000 patients visited an ED in the 
Greater Vancouver Area in 2011 for an mTBI, and the incidence rate is steadily increasing. Our busiest 
recruitment sites (Vancouver General Hospital (VGH) and St. Paul’s) each see more than 1,000 
cases/year. Our team has extensive experience recruiting patients with mTBI from VGH118–120. We aim 
to recruit 22 patients/month, and expect >10/month from VGH alone. Recruitment will be pragmatic121, 
to support sustainability. A research assistant will visit each site weekly and review the ED charts of 
discharged patients, screening for patients who have been discharged with a mTBI diagnosis. A letter 
will be sent to that patient informing them of the research study and to expect a research assistant to 
contact them by telephone to assess for eligibility in the study. Informed consent will be done on-line 
(in a REDCap survey), after the patient leaves the ED. We will meet our recruitment target (N=450) in 
24 months, assuming 40% of patients with mTBI are approached/invited, and of those, 20% enroll. In 
our pilot trial35, the enrollment rate was 28.7%. We piloted the proposed methods at VGH found a very 
similar enrollment rate (28.6%).  
2.13. Compliance. We will assess patient compliance with their FP’s treatment recommendations 
(section 2.8). Explicitly asking FPs whether they considered the tailored letter in their clinical decision- 
making would un-blind them, introducing bias. Instead, FP compliance will be assessed via chart audit. 
FPs will be sent a debriefing letter at the conclusion of the trial. 
2.14. Follow up loss. Our pilot trial35 achieved an 86.7% retention rate at 12 weeks (with no sex or 
gender differences). In addition to the retention strategies we used in the pilot trial (remote outcome 
assessment options and obtaining alternate contact information), we will provide remuneration ($50) for 
completing each outcome assessment, another evidence-based retention strategy122. 
2.15. Centres. We will recruit from multiple EDs, the primary recruitment site will be the VGH ED. To 
achieve our required sample size, we will also recruit from sites in multiple health authorities which 
include: St. Paul’s Hospital, Richmond Hospital, Mount Saint Joseph’s Hospital, UBC Hospital, Lion’s 
Gate Hospital, Urgent and Primary Care Centers (City Center and North Vancouver), and University 
Hospital of Northern British Columbia. Site leads will oversee recruitment at each ED (Section 3.2), 
with support from a research assistant. 
2.16. Analyses. The primary analysis will be intention-to-treat, including patient-FP dyads that did not 
receive their allocated intervention (e.g., because the patient sought follow-up care at a different location 
than they planned), which occurred in 5.4% of cases in our pilot trial. We will employ constrained 
longitudinal data analysis to determine point and interval estimates of group differences between the 
two treatment arms at 26 weeks. The linear mixed model will include treatment arm, RPQ 
measurements over time, a random effect for participant, and a random effect for FP clinic. The model 
will allow for nonconstant variance of RPQ measures over time. Linear mixed models provide unbiased 
estimates under the missing at random assumption and is preferable to multiple imputation, which adds 
unnecessary simulation error123. To assess the sensitivity of our results to the missing at random 
assumption, we will employ multiple imputation using chained equations to impute missing outcome 
data with a model that includes the all the variables from the primary analysis model and the auxiliary 
variables sex, cisgender status, pre-injury history of depression or anxiety, and baseline PHQ-9 and 
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GAD-7 scores. We will also assess the sensitivity of our results to inclusion of a random effect for 
clinic, as the variance estimates may be unreliable due to small cluster sizes. For clinics associated with 
more than one patient participant, we will randomly select one participant and repeat the analyses 
excluding the clinic cluster variable. 
2.17. Analysis frequency. There will be a single analysis at the end of the study (Fall 2023). 
2.18. Subgroup (sex- and gender-based) analyses. Men are more likely to sustain an mTBI, but 
women are more likely to have persistent symptoms124,125. Women are more likely than men to develop 
depression and anxiety126, seek help for mental health problems127, prefer psychological therapy over 
medication128, be prescribed antidepressant medication129, and defer to their physician’s treatment 
recommendation130. There may also be sex and gender differences in FP behaviour. Women physicians 
are more likely to talk about psychosocial issues131 and recommend psychological therapy over 
medication132. We will obtain patients’ sex through ED chart review and gender by their self-report. FP 
sex is available in the College of Physicians’ public directory. Descriptive results will be disaggregated 
by sex and gender. We will conduct exploratory analysis to examine sex and gender effects on rates of 
mental health diagnoses, treatment initiation (by physicians), and treatment take-up (by patient). 
2.19. Preliminary studies. We conducted qualitative interviews of FPs (N=11) based on the TDF75 to 
expand our understanding of barriers and facilitators to management of mental health complications 
after mTBI and refine our guideline implementation tool. This study revealed that FPs appreciate that 
mental health complications are common, perceive having an integral role in detecting and managing 
them, and expect that such intervention will improve overall recovery. FPs also identified important 
barriers that our intervention is designed to address (Section 2.2). We have also successfully conducted 
a pilot cRCT35. This allowed us to identify and address logistic challenges, and to demonstrate our 
ability to complete the proposed project. Methods were as the proposed cRCT with differences noted in 
Section 2.1. We enrolled 150 patients (65% 
female) linked to 138 unique FPs at 116 different 
clinics(mode cluster size=1). A similar number of 
males and females screened positive for a mental 
health disorder (62.2% vs. 63.5%). Patients 
whose FP received the guideline implementation 
tool had less severe post- concussion symptoms 
(Figure 2) at follow-up compared to usual 
care/passive dissemination. More FPs in the 
tailored letter group (44.4%) than the control 
group (24.1%) took an ONF Guideline-compliant 
action to initiate treatment of a mental health 
disorder, supporting our hypothesized mechanism of intervention benefit. 
3. Trial management. 
3.1. Daily activities. Research assistants will either visit a site weekly or login to the electronic medical 
records systems to review discharged patient records to screen for potential participants. If recruitment 
falls below target at a given site (determined by hospital-stratified injury surveillance data5) for 2 
consecutive months, the site lead will be responsible for re-orienting their team and trouble-shooting. 
The Study Coordinator (Tasha K.) will monitor new enrollments and data accruement, coordinate 
randomization, oversee the generation and distribution of the FP letters, submit FP chart and PharmaNet 
requests, and assist with financial management and general project management. Research assistants 
will conduct ED chart reviews, support ED site leads (e.g., re-stock the unit with printed invitation 
letters), and perform data entry and blinded patient telephone outcome assessments. The Graduate 
Student (Thalia O.) will assist with telephone outcome assessments, data management, basic analyses, 
and manuscript writing. Queries from the structured psychodiagnostic interviews will be reviewed by 
Silverberg (Psychologist/NPA) and Panenka (Psychiatrist/Co-A) to arrive at consensus diagnoses. 
Silverberg/Panenka will also audit the first 20, and 10% of the remaining psychodiagnostic interviews 
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for quality assurance. The Research Nurse (contracted from the Clinical Research Unit) will conduct FP 
chart audits. 
Timeline: In this 4-year project, our first task will be to automate letter generation. Research assistants 
manually created and faxed the FP letters in the pilot trial35, but we will commission software 
development to automate this process, which will facilitate sustainability after the study is complete. 
Simultaneously, we will finalize our materials and standardized operating procedures, and register the 
study on clinicaltrials.gov. We have obtained ethics board approval for the Vancouver sites, but will 
need to submit an amendment to include other sites. 
Study personnel will complete a Gender-Based Violence course to enhance their sensitivity to intimate 
partner violence issues. Data collection will commence in the second half of Year 1 and proceed for 24 
months, with patient follow-ups completed early in Year 4. FP charts will be obtained and extracted 
over the first half of Year 4. A Gantt chart is provided in the Appendix. 
Integrated KT: To facilitate wider uptake and sustainability of our intervention, we will meet with our 
patient partners and knowledge users throughout the project lifecycle, with more frequent contact at the 
beginning and end, to ensure that we are collecting and disseminating data that these stakeholders 
consider important and actionable. Two patient partners with lived experience with mTBI joined our 
research team in 2017 and underwent training in research collaboration with the Patient Voices 
Network. Consistent with patient-oriented research best practices

133
, our patient partners have been 

involved since study conception, and helped to refine the consent form, the patient engagement 
component of the intervention (Section 2.2), and the battery of patient-reported outcomes. We have also 
engaged key knowledge user organizations, including the ONF, BC Emergency Medicine Network, 
Insurance Corporation of BC (provincial motor vehicle insurer), WorkSafeBC (provincial worker 
compensation board), College of Family Physicians of Canada, and Kelowna Women’s Shelter (letters 
of support enclosed). 
End of grant KT: We aim to publish our protocol in Year 1 and the primary cRCT results in Year 4, 
conforming to SPIRIT134 and CONSORT135 guidelines, respectively. We will publish at least 3 other 
papers on patient views of mental health treatment after mTBI, predictors of post-injury depression and 
anxiety, and medication prescribing patterns. The ONF will adapt our intervention strategy for Ontario, 
serving as a model for other provinces (letter of support enclosed). Our partnerships with ICBC and 
WorkSafeBC (letters enclosed) will enable integration of our mental health screening and follow-up 
procedures into motor vehicle insurance and worker’s compensation injury reporting systems, 
respectively. For example, when an injured driver or worker submits an incident report (and a fixed 
schedule thereafter), they could be prompted to complete screening questionnaires and authorize sharing 
the results with their FP, along with the relevant ONF Guidelines. Gender differences in patient 
adherence will prompt us to consider recommending gender-specific patient engagement materials. 
3.2. Roles. Our interdisciplinary team has expertise in psychology, psychiatry, emergency medicine, 
family medicine, patient engagement, implementation science, and biostatistics. Silverberg (NPA; 0.3 
FTE) has had an active mTBI-focused research program since 2011, with 70+ publications and CIHR 
funding. Silverberg is a clinician-scientist funded by the Michael Smith Foundation for Health Research, 
and a recognized leader (e.g., expert panel member for mTBI clinical practice guidelines) with 
experience with mTBI clinical trials35,136,137. Silverberg will lead the design, implementation, and 
dissemination of the study. Brubacher (Co-A; 0.1 FTE) is an emergency physician and Director of the 
VGH Emergency Medicine Research Division, with multiple CIHR grants, who has collaborated with 
Silverberg since 2012. Brubacher will provide scientific input on the study design from an emergency 
medicine perspective and serve as a site lead. Archambault (Co-A; 0.05 FTE) is an emergency 
medicine and critical care physician leading a CIHR-funded KT research program in Quebec, focused 
on TBI and care transitions, who helped design the patient engagement strategy and will contribute to 
the interpretation of patient decision comfort and take-up measures. Co-A Li (0.05 FTE) is a Canada 
Research Chair in Patient-Oriented KT. Li will provide mentorship to the team, contributing expertise 
with theoretical models of behaviour change and implementation science methodology, and best 
practices. Panenka (Co-A; 0.05 FTE) is a dually certified psychiatrist and neurologist, and CIHR- 

https://learninghub.phsa.ca/Courses/17362/gender-based-violence-we-all-can-help-improving-the-health-sectors-response
https://patientvoicesbc.ca/
https://patientvoicesbc.ca/
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funded mTBI researcher contributing expertise in psychiatric complications of mTBI and 
pharmacological treatment. Co-A Brasher (0.05 FTE) is a senior biostatistician and trial methodologist. 
She will develop a detailed statistical analysis plan in collaboration with Silverberg and will oversee a 
statistical analyst in its execution. Co-A Knowledge User Lizotte (0.05 FTE), a family physician in full- 
time clinical practice, has been collaborating with Silverberg’s KT research since 2016, and helped to 
design the guideline implementation tool for this study. Lizotte will actively participate on study 
committees (Section 3.3) and contribute perspective from primary care to the interpretation and 
dissemination of the study results. Site leads (Brubacher, VGH &  UBC Hospital; Scheuermeyer, St. 
Paul’s & Mount Saint Joseph’s Hospital; Shi, Richmond Hospital; Park, Lion’s Gate Hospital; Khazei, 
Urgent and Primary Care Centers (City Center & North Vancouver); Besserer, University Hospital of 
Northern BC) will be responsible for adapting delivery of the intervention to the local (site- specific) 
context, championing and overseeing patient recruitment, and supervising a research assistant extracting 
data from ED charts. Collaborators (Wong & Haegert, Royal Columbian; Besserer, University 
Hospital of Northern BC; Rhine, Kelowna General) will be involved as potential additional site leads if 
recruitment at our Vancouver based planned sites is slower than anticipated. Knowledge user Mason 
will advise on intimate partner violence issues.  
3.3. Committees. The Trial Steering Committee will be comprised of NPA Silverberg, Co-A 
Knowledge User Lizotte, Co-As Brubacher and Li, study statistician Brasher, and patient partner Zou. 
The Committee will meet monthly during the first half of Year 1 and thereafter, quarterly to review 
study progress and any difficulties that arise. The Knowledge User Panel, co-led by Silverberg and 
Lizotte, will include patient partners (Zou and Thorson) and representatives from stakeholder 
organizations (Section 3.1). They will meet quarterly in Years 1 and 4, and once in Years 2 and 3. A 
Safety Monitoring Committee will consist of a psychologist (Meachen) and physician (Dance) with 
mTBI expertise, not otherwise affiliated with the study. They will review any adverse events for medical 
urgency and attribution to study treatment. In line with recommendations for adverse event monitoring 
in behavioural clinical trials138–140, 12 and 26-week outcome assessments will be screened for (i) 
statistically reliable worsening in post-concussion symptoms, depression, or anxiety, and (ii) responses 
to the open-ended question “Have you been harmed in any way by participating in this research study?” 
Enactments of our suicide prevention protocol (Section 1.5) will be forwarded to the Safety Monitoring 
committee, who will advise the Trial Steering Committee regarding clinical follow-up and alterations to 
the study protocol.
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