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A 2022 systematic review, which included 34 studies 
evaluating practices undertaken by health care pro-
fessionals in a Canadian health care setting, 

reported that diagnostic imaging was underused or overused 
a median of 13.8% of the time (interquartile range 4.5%–
29.0%).1 This over- and underuse of diagnostic imaging 
may result in iatrogenic harms to the patient, longer wait 
times, poorer health outcomes due to delays in diagnosis, 
and inefficient use of scarce health care resources.1,2 
Demand for diagnostic and medical imaging is increasing as 
the Canadian population ages. In fact, the number of com-
puted tomography and magnetic resonance imaging exam-
inations is expected to more than double in the period from 
2017 to 2040.3 Imaging referral guidelines can be an impor-
tant tool in ensuring that patients get the safest and best-
clinical-value diagnostic imaging study at the right time.4,5 
Trustworthy guidelines, and the recommendations within, 
should be evidence based and developed using rigorous 
methodology.6 Guidelines developed for other countries 
(e.g., from the American College of Radiology [ACR] and 
the Royal College of Radiologists [RCR] in the United 

Kingdom) can serve as an important reference. However, 
Canadian guidelines are required to ensure that geographic 
distribution, population characteristics and the structure of 
the health care systems are considered in the guideline-
development process. This highlights the need to develop 
country-specific, systematically produced diagnostic 
im aging referral guidelines.
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Background: Comprehensive diagnostic imaging referral guidelines are an important tool to assist referring clinicians and radiologists 
in determining the safest and best-clinical-value diagnostic imaging study for their patients; the Canadian Association of Radiologists 
(CAR) last produced its diagnostic imaging referral guidelines in 2012. In partnership with several national organizations, referring clin-
icians, radiologists, and patient and family advisors from across Canada, the association is redoing its referral guidelines using a new 
methodology for guideline development, and these guideline recommendations will be suited for integration into clinical decision sup-
port systems.

Methods: Expert panels of radiologists, referring clinicians and a patient advisor will work with epidemiologists at the CAR to create 
guidelines across 13 clinical sections. The expert panel for each section will first create a comprehensive list of clinical and diagnostic 
scenarios to include in the guidelines. Canadian Association of Radiologists epidemiologists will then conduct a systematic rapid 
scoping review to identify systematically produced guidelines from other guideline groups. The corresponding expert panel will 
develop diagnostic imaging recommendations for each clinical and diagnostic scenario using the recommendations identified from 
the scoping review and contextualize them to the Canadian health care systems. The expert panels will accomplish this using an 
adapted Grading of Recommendations Assessment, Development and Evaluation framework, which reflects the benefits and harms, 
values and preferences, equity, accessibility, resources and cost.

Interpretation: Freely available, up-to-date, comprehensive Canadian-specific diagnostic imaging referral guidelines are needed. 
A transparent and structured guideline-development approach will aid the CAR and its partners in producing guidelines across its 
13 sections.
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In 2012, the Canadian Association of Radiologists (CAR) 
produced a comprehensive set of guideline recommenda-
tions for diagnostic imaging referral.7 These recommendations 
were categorized into 13 sections and included recommen-
dations for 338 clinical and diagnostic scenarios (Table 1). In 
some instances, sections cover specific anatomy or organ sys-
tems (e.g., head and neck, musculoskeletal system); in other 
instances, the sections refer to clinical or referral pathways 
or scenarios (e.g., trauma, pediatrics). The 2012 guidelines 
are now more than a decade old and must be revised to 
reflect updated evidence. Guideline methodology has also 
evolved over this time, offering new, robust approaches. 
Additionally, as referring clinicians are the primary users of 
these guidelines, we want to ensure their involvement in the 
development process. Last, for suitable integration into clin-
ical decision support systems, the guideline recommenda-
tions format needed to be modified. A clinical decision sup-
port system is defined as “any software designed to directly 
aid in clinical decision making in which characteristics of 
individual patients are matched to a computerized know-
ledge base for the purpose of generating patient-specific 
assessments or recommendations that are then presented to 
clinicians for consideration.”8

In 2020, the CAR, in collaboration with the Canadian 
Medical Association through an unrestricted sponsorship 
grant, developed a plan to update these referral guidelines, 
tailored to the Canadian health care context. An oversight 
working group was created, made up of radiologists, refer-
ring medical professionals (e.g., physicians, nurse practition-
ers), and a patient and family advisor. The working group 
formed partnerships with national associations, including 
the Canadian Association of Emergency Physicians, The 
College of Family Physicians of Canada, Choosing Wisely, 

the Nurse Practitioner Association of Canada, and the Soci-
ety of Rural Physicians of Canada.

A systematic rapid scoping review will inform each sec-
tion, and each sectional expert panel will formulate recom-
mendations using the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
framework9,10 as guidance, adapted where necessary. The 
CAR working group has opted to use the concepts found in 
GRADE for guidelines, as it is a robust framework that 
considers contextual criteria when formulating recommen-
dations.11 These include the desirable and undesirable 
effects and the balance of these effects, values and prefer-
ences, equity, accessibility, resources required and costs. It 
is important to note that guidelines cannot always account 
for variability between patients (e.g., patient values). The 
recommendations developed as part of this initiative are not 
intended to replace the clinical expertise and judgment of 
the referring clinician, but to provide guidance. Depending 
on the clinical scenario, expert opinion may supplement or 
override the recommendation.

In this article, we describe the process and methodology 
for developing the CAR Diagnostic Imaging Referral Guide-
lines. The robust methodology described in this protocol also 
presents a guide for other organizations and associations to 
collaboratively develop rapid guidelines.

Methods

Guideline development
Figure 1 displays the overall schematic of the guideline 
develop ment process.

Recruitment of expert panel
Each of the 13 sections is represented by an expert panel, 
composed of 6 to 9 members. The expert panel is led by a 
chair (or co-chairs) with representation from radiologists, 
referring clinicians, at least 1 patient advisor and a guideline 
methodologist with geographic representation from across 
Canada.12 Members of the working group will provide candi-
dates for the expert panel chair and other expert panel mem-
bers. Recruited expert panel members may also provide names 
of other candidate expert panel members (see Appendix 1, 
available at www.cmajopen.ca/content/11/2/E248/suppl/DC1, 
for additional details). Two CAR epidemiologists will conduct 
the rapid scoping reviews, and the senior epidemiologist 
(C.H.) will serve as the guideline methodologist.

Following the Guidelines International Network (GIN)-
McMaster Guideline Development Checklist,12 members of 
each expert panel will complete and sign a conflict of interest 
form, which includes any financial, intellectual or academic 
conflicts of interest. We will use the CAR conflicts of interest  
policy to manage any potential conflicts of interest. Expert 
panel members will also receive and sign a terms of reference 
document, which describes the purpose of the project and 
mandate of the project and of expert panel members, along 
with other support information (e.g., quorum, target audi-
ence, staff liaison).

Table 1: Sections of the 2012 Canadian Association of 
Radiologists recommendations

Section

No. of 
clinical and 
diagnostic 
scenarios

A. Central nervous system 15

B. Head and neck 15

C. Spine 6

D. Musculoskeletal systems 19

E. Cardiovascular 13

F. Thoracic 26

G. Gastrointestinal system 33

H. Urological, adrenal and genitourinary systems 12

I. Obstetrics and gynecology 16

J. Trauma 29

K. Cancer 68

L. Pediatrics 78

M. Breast disease 8
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Meetings
Expert panels will meet a minimum of 4 times over the 
guideline-development process. Availability of expert panel 
members will determine the meeting schedule, and each meeting 
will include at least 50% of the expert panel members and should 
include at least 1 radiologist, 1 referring clinician and 1 patient 
advisor. If members are unable to attend either of the first 2 
meetings, an individual meeting is offered to cover the material.

Revise and restructure list of clinical and diagnostic 
scenarios
After the initial meeting to introduce the project and discuss 
the mandate of the expert panel, members will revise and 
restructure the list of clinical and diagnostic scenarios, using 
the 2012 CAR list as a starting point for discussions. This may 
be done synchronously during a virtual meeting or individ-
ually offline, depending on member preference. The list is 
finalized once consensus is reached.

Conduct rapid scoping review
Producing guidelines can be time and resource intensive, par-
ticularly when recommendations are developed using evidence 
from systematic reviews and the GRADE framework. As the 
2012 CAR Diagnostic Imaging Referral Guidelines included 
recommendations for 338 clinical and diagnostic scenarios, we 

will use a systematic rapid scoping review approach, with 
evidence-based guidelines as the unit of inclusion. A scoping 
review allows for mapping of the body of literature and can be 
conducted to summarize and disseminate research findings.13 
Further, a rapid review is “a form of knowledge synthesis that 
accelerates the process of conducting a traditional systematic 
review through streamlining or omitting a variety of methods 
to produce evidence for stakeholders in a resource-efficient 
manner.’’14 The Joanna Briggs Institute,13 with additional guid-
ance on conducting rapid reviews,15 will guide the conduct of 
the systematic rapid scoping review for each of the 13 sections.

We used the relevant items in the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis Protocols 
(PRISMA-P) statement16 as a guide to ensure reporting stan-
dards are met for the description of the systematic rapid scop-
ing review methods reported herein. 

Eligibility criteria
The inclusion criteria are presented in Table 2.

Information sources
An experienced information specialist will develop a search 
strategy using the updated list of clinical and diagnostic 
scenarios produced by the expert panel. A senior epidemiologist 
will review this search strategy for completeness. The library 

Recruit expert panels

• Stagger 13 sections, for 
feasibility

• Complete and sign conflicts of 
interest and terms of reference

Meeting #1

• Introduce expert panel members
• Discuss mandate
• Discuss process
• Discuss next steps

Revise scenarios

• Revise list of clinical and 
diagnostic scenarios

• Share with expert panel 
members for feedback  

Meeting #2

• Discuss and finalize clinical and
diagnostic scenarios

• Introduce GRADE framework

Rapid scoping review

• Conduct rapid scoping review 
of guidelines

• Map recommendations to each 
clinical and diagnostic scenario  

Expert panel independent review

• Review of recommendations by 
expert panel members

• Formulate thoughts around 
recommendations considering 
GRADE framework   

Develop recommendations

• Discuss mapping results and 
formulate recommendations

Draft guideline

• Draft guideline written by 
the CAR

• Review and approval of draft 
guideline by expert panel 
members

Peer review

• Review guideline: referral 
guidelines working group

• Review guideline: external 
stakeholders 

Figure 1: Project flow diagram. Note: CAR = Canadian Association of Radiologists, GRADE = Grading of Recommendations Assessment, 
Development and Evaluation.
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scientist will execute the search in MEDLINE and Embase 
using controlled vocabulary (e.g., Medical Subject Headings) 
and title and abstract keywords. For feasibility and to capture 
the newest evidence base, we will limit the search to guidelines 
published in the last 5 years.

We will perform supplemental searching to identify guide-
lines not captured in the electronic databases. For feasibility, we 
will search the ACR Appropriateness Criteria, the National 
Institute for Health and Care Excellence guidelines and relevant 
section-specific specialty societies (e.g., Society of Obstetricians 
and Gynaecologists of Canada). We will also include the recom-
mendations found in the RCR iRefer, 8th edition (2017).5

Study selection
Title and abstract screening: Following published guidance,19 we 
will use an artificial intelligence (AI) active machine learning 
tool (called the re-rank tool) in DistillerSR,20 an online sys-
tematic review software, during title and abstract screening. 
Using a standardized form, 1 reviewer will screen the records 
in prioritized order, as determined by the active machine 
learning (i.e., ordered by likelihood of inclusion). Once the 
software has predicted that 95% of the included studies have 
been identified, we will implement a stop-screening approach 
(further described in Appendix 2, available at www.cmajopen.
ca/content/11/2/E248/suppl/DC1), a threshold that has per-
formed well.21,22 The re-rank tool screen has 4 ways to display 
the screening progress and the number of predicted refer-
ences included (Appendix 3, available at www.cmajopen.ca/
content/11/2/E248/suppl/DC1).

Full-text screening: Using a standardized form in Distill-
erSR, 2 reviewers will conduct a pilot exercise on about 25–50 
records against the eligibility criteria, as described in Table 2. 
The 2 reviewers will resolve any disagreements by consensus. 
After the pilot exercise, 1 reviewer will evaluate the remaining 
full texts.

Data extraction and recommendations mapping
One reviewer will map the recommendations from each 
included guideline to the relevant clinical and diagnostic scen-
ario in the updated CAR guideline section. Other data extrac-
tion items include the guideline group name(s), year of pub-
lication (or last update), method of evaluating the quality or 
certainty of the recommendation (e.g., Oxford Centre for 
Evidence-based Medicine, GRADE), recommendation grade, 
and the GRADE evidence profile or summary of findings 
tables, when available.

Critical appraisal
One reviewer will critically appraise the included guidelines 
using the Appraisal of Guidelines for Research & Evalua-
tion II (AGREE-II) checklist (updated in December 
2017),17,18 using a modified scale (Appendix 4, available at 
www.cmajopen.ca/content/11/2/E248/suppl/DC1). Briefly, 
the AGREE-II tool uses a scale from 1 to 7 for each ques-
tion, which we have modified to 3 options: Agree, Partially 
agree and Disagree. The expert panel will consider the 
quality of the guideline during the discussions and formula-
tion of the recommendations.

Table 2: Inclusion criteria

Component Details

Study design Evidence-based guidelines that meet AGREE-II checklist items 7, 8 and 917,18

Question 7. Systematic methods were used to search for evidence:
• Searched and named at least 1 electronic database using an electronic search strategy (e.g., MEDLINE, Embase, 

PubMed, CENTRAL)

Question 8. The criteria for selecting the evidence are clearly described:
• Described a formal process for study selection; AND
• Reported the inclusion and exclusion criteria; OR
• If it is based on a systematic review but does not provide explicit methods.

Question 9. The strengths and limitations of the body of evidence are clearly described:
• Performed critical appraisal on the included studies (e.g., risk of bias, describe study limitations); OR
• If it is based on a systematic review and GRADE is performed.

Population Adults (≥ 18 yr) and/or children (< 18 yr)

Intervention/ 
comparison

Recommendations on diagnostic imaging modalities (e.g., radiography, magnetic resonance imaging, computed 
tomography)

Outcomes Diagnostic imaging recommendations for a clinical and diagnostic scenario identified by the expert panel

Timing Published in the last 5 years (as of the date of the search)

Language Published in English*

Note: AGREE = Appraisal of Guidelines for Research & Evaluation, CENTRAL = Cochrane Central Register of Controlled Trials, GRADE = Grading of Recommendations 
Assessment, Development and Evaluation.
*Although the search strategy will not have a language filter, we will only include guidelines published in English. An appendix within the guideline will provide a list of 
potentially relevant guidelines published in other languages.
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Expert panel member review
Once the scoping review is completed, the CAR epidemiolo-
gists will share the results with the expert panel members for 
independent review over a 4-week period. In addition to the 
complete evidence-mapping tables, we will provide a synopsis 
of the information across guidelines for each clinical and diag-
nostic scenario. These synopses are useful during recommen-
dation formulation, as concordance and discordance among 
the recommendations are highlighted.

Development of recommendations
The expert panel members will meet to formulate the recom-
mendations for each clinical and diagnostic scenario in the sec-
tion. Using a modified GRADE for guidelines approach, in 
addition to the recommendations from the included guidelines, 
the expert panel discussions will consider the following contex-
tualization factors when formulating the recommendations: the 
certainty of the evidence (where available); the balance of bene-
fits and harms; patient values and preferences; equity, accept-
ability and feasibility; and resource use and cost.9,10 Although 
there are limitations to this approach, for feasibility, we will 
extract the judgments around the certainty of the evidence (e.g., 
very low, low, moderate, high) as presented in the guidelines.

Using GRADE as guidance,10 expert panel members will 
assign the strength (i.e., strong, conditional) and direction 

(i.e., for, against) of the recommendation using consistent 
phrasing and graphical representation for the recommenda-
tions (Figure 2). For clinical and diagnostic scenarios that do 
not have any included guidelines, the expert panel members 
will formulate the recommendations through discussion and 
consensus considering their clinical expertise, patient values 
and preferences, equity, accessibility, resources and costs. In 
these instances, older guidelines may be used as part of the 
discussion and are considered a part of the clinical expertise, 
but as they were not identified using the systematic search 
approach, they are not considered an “included” guideline.

Draft guideline
A senior epidemiologist at the CAR, who is also the guideline 
methodologist, will draft the guideline. A draft table of contents 
(Appendix 5, available at www.cmajopen.ca/content/11/2/
E248/suppl/DC1) includes a brief methods section, which will 
contain a link to this protocol to provide additional details. 

Peer review
Once the expert panels finalize the guideline, working group 
members will provide peer review around the contextualiza-
tion and clarity of the recommendations. Once working group 
feedback is incorporated into the guideline, expert panel 
members will nominate additional external stakeholders (e.g., 
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• All or almost all informed people 
would not recommend or choose the 
course of action and only a small 
proportion would.

• All or almost all informed people would 
recommend or choose the course of 
action and only a small proportion 
would not.

• Request discussion if the intervention 
is not offered.

• Most informed people would not 
recommend or choose the course of 
action, but a substantial number would.

• This may be conditional upon patient 
values and preferences, the resources 
available or the setting in which the 
intervention will be implemented.

• Most informed people would recommend 
or choose the course of action, but a 
substantial number would not.

• This may be conditional upon patient 
values and preferences, the resources 
available or the setting in which the 
intervention will be implemented.

Figure 2: Determining the strength of the recommendation. Created using the guidance provided in Andrews and colleagues.9
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referring clinicians, patients) to approach for external peer 
review, who will be invited via email. The goal of the external 
feedback is not for endorsement, but to ensure that the guide-
lines and recommendations are clearly written.

Analysis
Expert panel members will use recommendations from existing 
guidelines to inform discussions during recommendation 
formulation. 

Ethics approval
No ethics approval was required for this work.

Interpretation

Using a transparent and structured approach will help in 
developing reproducible guidelines across the 13 CAR sec-
tions. Other organizations producing diagnostic imaging 
guidelines have also published their processes.4,23,24

The CAR website will host the publicly available guide-
lines, per section, as they are produced. This will allow free 
access to referring clinicians, radiologists, patients and fam-
ilies, and other producers of diagnostic imaging guidelines. 
These recommendations are being written to optimize inte-
gration into clinical decision support systems of both com-
munity medical facilities and hospitals that have the required 
infrastructure. For dissemination to offline users, the CAR 
will produce a digital and paper book, once all sections are 
complete. We will seek additional funding to work with 
patient groups to develop patient-friendly summaries, a valu-
able tool implemented by several organizations, including 
Cochrane25 and the ACR.26 For feasibility, we will prioritize 
with patient groups which scenarios require patient-friendly 
summaries. Discussions around knowledge dissemination are 
currently underway, and may include peer-reviewed publica-
tions, newsletters and communications from the partnering 
organizations of the members of the working group (e.g., The 
College of Family Physicians of Canada and Nurse Practi-
tioner Association of Canada). Our expected timeline to com-
plete the 13 sections is December 2023.

Limitations
There are some limitations to our approach. First, having 
guidelines as the unit of inclusion in our evidence review 
does not allow for the evaluation of the 5 GRADE domains 
when conducting a systematic review of primary studies (i.e., 
risk of bias, imprecision, indirectness, inconsistency and pub-
lication bias).27 Therefore, we must rely on the level of evi-
dence as reported by the guideline group. To ensure we have 
some level of certainty or quality of the recommendations in 
the guidelines, we will include only guidelines that have used 
a systematic approach to identify the primary studies and that 
have performed critical appraisal on these studies. Second, 
the outcomes judged as critical for decision-making for the 
guideline group may not be the same as the outcomes that 
would have been voted as critical for the CAR expert pan-
els.28 However, this limitation is specific to guidelines that 

rate patient-important  outcomes before the  conduct of the 
systematic review, which is not always performed depending on 
the guideline methodology used. Third, we will use AI to help 
with title and abstract screening, and there is a risk a relevant 
guideline will be missed. To mitigate this risk, we will implement 
several checks (e.g., using the AI audit tool in the software, verifi-
cation of 30% of the records, and allowing expert panel members 
to nominate guidelines for evaluating against the inclusion cri-
teria). Fourth, as we will use this process for 13 expert panels, we 
may be required to modify the process. This may be influenced 
by the availability of expert panel members, by the number of 
clinical and diagnostic scenarios covered, and by timelines. We 
aim to adhere to these methods across sections and will report 
any large deviations from the process in the guidelines.

Conclusion
A set of up-to-date, Canadian-specific, diagnostic imaging 
referral guidelines are needed for safe, high-value diagnostic 
imaging referrals and improved patient care in Canadian 
health care systems. We have described the guideline develop-
ment process that the CAR will apply across the 13 sections.
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