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Abstract

Background: Invasive coronary angiography (ICA) isthe gold standard in the diagnosis of coronary artery disease (CAD).
Being invasive, it carries rare but serious risks including myocardial infarction, stroke, major bleeding, and death. A large
proportion of e ective outpatients undergoing | CA have nonobstructive CAD, highlighting the suboptimal use of thistest. Coronary
computed tomographic angiography (CCTA) is a noninvasive option that provides similar information with less risk and is
recommended as a first-line test for patients with low-to-intermediate risk of CAD. Leveraging artificial intelligence (Al) to
appropriately direct patientsto |CA or CCTA based on the predicted probability of disease may improve the efficiency and safety
of diagnostic pathways.

Objective: heCarDIA-Al (Coronary computed tomographic angiography to optimizethe Diagnostic yield of Invasive Angiography
for low-risk patients screened with Artificial Intelligence) study aimsto evaluate whether Al-based risk assessment for obstructive
CAD implemented within a centralized triage process can optimize the use of ICA in outpatients referred for nonurgent ICA.

Methods: CarDIA-Al isapragmatic, open-label, superior randomized controlled trial involving 2 Canadian cardiac centers. A
total of 252 adults referred for elective outpatient ICA will be randomized 1:1 to usual care (directly proceeding to ICA) or to
triage using an Al-based decision support tool. The Al-based decision support tool was developed using referral information from
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over 37,000 patients and uses alight gradient boosting machine model to predict the probability of obstructive CAD based on 42
clinically relevant predictors, including patient referral information, demographic characteristics, risk factors, and medical history.
Participants in the intervention arm will have their ICA referral forms and medical charts reviewed, and select details entered
into the decision support tool, which recommends CCTA or ICA based on the patient’s predicted probability of obstructive CAD.
All patients will receive the sel ected imaging modality within 6 weeks of referral and will be subsequently followed for 90 days.
The primary outcome is the proportion of normal or nonobstructive CAD diagnosed vial CA and will be assessed using a2-sided
z test to compare the patients referred for cardiac investigation with normal or nonobstructive CAD diagnosed through ICA
between the intervention and control groups. Secondary outcomes include the number of angiograms avoided and the diagnostic
yield of ICA.

Results. Recruitment began on January 9, 2025, and is expected to concludein mid to late 2025. As of April 14, 2025, we have
enrolled 81 participants. Dataanalysiswill begin once data collection is completed. We expect to submit the resultsfor publication
in 2026.

Conclusions: CarDIA-Al will be the first randomized controlled trial using Al to optimize patient selection for CCTA versus
ICA, potentially improving diagnostic efficiency, avoiding unnecessary complications of ICA, and improving health care resource

usage.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2025;14:€71726) doi: 10.2196/71726

Clinical Trials.gov NCT06648239; https://clinicaltrials.gov/study/NCT06648239/
DERR1-10.2196/71726
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Introduction

Coronary artery disease (CAD) is a leading cause of death
globally [1]. While invasive coronary angiography (ICA)
remains the gold standard for CAD diagnosis, many patients
undergoing elective ICA are found to have a nonobstructive
disease or normal coronary anatomy, with variability between
cardiac centers [2,3]. Despite lower population-based rates of
ICA in Ontario, Canada, over 50% of elective ICA procedures
find nonsignificant CAD (CorHealth Ontario, unpublished data,
2022). A low diagnostic yield of elective ICA is not only
resource-intensive [4-6] but unnecessarily subjects patients not
requiring invasive intervention to major procedural
complications, including vascular injury, major bleeding, stroke,
myocardial infarction, and death [7]. A noninvasive test able
to provide similar information with less risk and cost is ideal
in alower-risk population.

Coronary computed tomographic angiography (CCTA) has
emerged as one such noninvasive alternative to anatomically
evaluate the coronary arteries. CCTA ishighly sensitive for the
detection of >50% coronary stenosis in patients with low to
moderate pretest probability of obstructive CAD [8,9], is less
expensive, and carries significantly lessrisk [10]. Appropriately,
guidelines for the evaluation of chest pain from the American
College of Cardiology/American Heart Association and the
European Society of Cardiology both recommend first-line
CCTA in this population [11,12]. However, limited access to
CCTA in Canada due to limited diagnostic infrastructures has
restricted itswidespread use. Conversaly, aCCTA-first approach
can result in double-testing, since patientswith abnormal CCTA
frequently proceed to confirmatory or therapeutic ICA, which
is wasteful and exposes patients to unnecessary radiation.
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Ultimately, appropriate test selection requires accurate prediction
of the pretest probability of obstructive CAD.

Artificial intelligence (Al) has been leveraged to improve the
prediction of significant CAD. Traditional risk assessment tools
include amore limited number of variablesand may not capture
thefull complexity of patient risk profiles. Conversely, machine
learning algorithms can incorporate a greater number of
predictors, including highly correlated predictors, and can
account for complex, nonlinear relationshi ps between predictors,
including at the patient level [13]. We have developed an Al
model to predict the probability of obstructive CAD using 12
years of referral data from 2 regional hospitals, comprising a
cohort of over 29,000 patients, which significantly outperformed
existing risk scores (area under the receiver operating
characteristic curve of 0.81 vs 0.62) and achieved a net
reclassification improvement of 44.7% over usual care (95%
Cl 42.4%-47.0%) [14]. Themodel has been updated using more
recent referral dataand has undergone externa validation using
2008-2023 province-wide datato confirm generalizability (Petch
et al, unpublished paper, April 2025). The integration of this
model into clinical practice may enable a more accurate
assessment of patient risk and improve diagnostic efficiencies.

A decision support tool that incorporates such an Al model
within a centralized triage pathway may facilitate patient
selection for first-line CCTA (Figure 1). We have established
that a centralized triage model in which low-risk patients
referred for ICA are considered for CCTA first can improvethe
diagnostic yield of elective ICA and that such a model is
acceptable to both patients and referring physicians [15]. As
such, we have deployed the Al model in our local cardiac center
and conducted a pilot study using a silent trial design [16] to
establish feasibility within the centralized triage pathway and
address implementation issues (Schwalm et al, unpublished

JMIR Res Protoc 2025 | vol. 14 | €71726 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/71726
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

paper, April 2025). With the individual components of the
intervention validated and piloted, the next appropriate step is

Petch et al

to conduct a clinical trial of the intervention to measure its
impact on clinical outcomes.

Figure1l. Al intervention in the context of the clinical pathway. The Al model is integrated into a centralized triage model for ICA and CCTA, where
community cardiologists can refer to asingle unit for an angiogram for suspected obstructive CAD, and the Al model provides a recommendation for
which test is most appropriate for a given patient. Green boxes indicate the optimal test for a given patient, orange indicates suboptimal testing (patient
received a“double-test” of both CCTA and ICA), and red indicates the least optimal (patient received an ICA but did not have obstructive disease). Al:
artificial intelligence; CAD: coronary artery disease; CCTA: coronary computed tomographic angiography; ICA: invasive coronary angiography.
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The CarDIA-Al (Coronary computed tomographic angiography
to optimize the Diagnostic yield of Invasive Angiography for
low-risk patients screened with Artificial Intelligence) tria will
evaluate whether Al-based screening within acentralized triage
pathway can optimize patient selection for CCTA versus ICA.
The primary goa of this study is to reduce the proportion of
unnecessary | CA procedures (showing normal or nonobstructive
CAD) performed in patients referred for evaluation of CAD
diagnosed in patients undergoing ICA. This trial will compare
the Al interventionto usual care (ie, directly proceedingto ICA)
to assessimprovements beyond the current diagnostic pathway.

Methods

Objectives

The primary objective of the CarDIA-AI tria is to determine
the effect of acentralized triage processincorporating Al-based
risk assessment, compared to usual care, on the proportion of
normal or nonobstructive CAD diagnosed via ICA, in adults
referred for nonurgent (elective) outpatient ICA.

Study Design

The CarDIA-AI tria is a pragmatic, open-label, multicenter,
superiority trial with two parallel groupsand 1:1 alocation. The
study was registered at ClinicalTrials.gov (NCT06648239).
This protocol was prepared in accordance with the SPIRIT-Al
(Standard Protocol Items. Recommendationsfor Interventional
Trials—Artificial Intelligence) guidelines[17] (see Multimedia
Appendix 1 for checklist).

https://www.researchprotocols.org/2025/1/€71726

Participants

Setting

Two cardiac centerslocated in Ontario, Canada, will participate
in the CarDIA-AI trial: Hamilton Health Sciences Generdl
Hospital (Hamilton site) and Niagara Health System’s Marotta
Family Hospital (Niagara site). These regional referral centers
serve a large geographic area in southern Ontario with a
population exceeding 1.8 million. ICA referral forms from the
region are received at the Heart Investigation Unit located at
the Hamilton site. Ordinarily, triage staff categorizethereferrals
according to urgency and site (Hamilton or Niagara; based on
the patient’s home address). For CarDIA-Al, outpatient ICA
referralswill bereviewed daily to identify eligible participants.

The Al risk-assessment tool is deployed on a virtual machine
housed at Hamilton Health Sciences’ research data center. The
virtual machineisallocated with 8 central processing unit cores
and 16 GB of RAM. The virtual machine is accessed by the
research team at the study sites using Citrix.

Informed Consent

Eligible patients are identified by a research assistant and
reviewed by aboard-certified cardiol ogist. The research assistant
will then contact eligible patients by phoneto discussthe study,
review the consent form, and obtain verbal informed consent.
At thetime of the ICA or CCTA, research staff will also obtain
written, paper-based consent from patients willing to participate
(Multimedia Appendix 2).

Sample Size

The assumed proportion of normal or nonobstructive CAD on
angiogram in the control armis based on proportions at the two
participating centers over the last decade, which have been
stable at 44%. Our pilot work suggests that the proportion of

JMIR Res Protoc 2025 | vol. 14 | €71726 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

normal or nonobstructive CAD diagnosed via ICA in the
experimental arm is expected to be around 22%. We studied
the power for various possible effect sizes (reduction in event
proportions). A 1:1 sample of 200 people can detect an absolute
reduction of 22% or higher in event proportion with 91.9%
power, and a smaller 19% absolute reduction or higher with
81.3% power. To adjust for noncompliance of up to 5% in both
arms, weincreased the sample size from 200 patients by afactor
of 1.23 to 246 patients [18]. Adjusting for up to 2% losses to
follow-up, we require 252 patients (126 per arm).

An average of 115 eligible patients are seen at the participating
centers each month. Given that recruitment is carried out by a
centralized administration team (individual clinicians are not
required to be involved), we do not anticipate significant
recruitment barriers. Thus, we conservatively expect to recruit
100 patients per month. The recruitment will take place over 3
months to achieve our target sample size.

Eligibility Criteria

Patients are eligible if they (1) are 18 years of age or older; (2)
are referred for nonurgent (elective) outpatient ICA; (3) have
an indication for ICA that includes “Rule out CAD,
“Cardiomyopathy,” “ Stable CAD,” or “ Stable Angina’; and (4)
are able to provide informed consent in English. Patients will
beexcluded if they (1) havereceived aprior high-quality CCTA
within the last five years; (2) have atria fibrillation or other
arrhythmia precluding high-quaity CCTA; (3) have known
severe rena dysfunction (glomerular filtration rate of <35
mL/min/1.73 m?); (4) have planned (coronary or noncoronary)
cardiac surgery; (5) have any prior obstructive CAD, acute
coronary syndrome, percutaneous coronary intervention, or
coronary artery bypass graft; or (6) have known severe coronary
artery calcification (calcium score >250) or not deemed to be
“mild” on report if not quantified. Referral forms indicating
“Stable CAD” will be reviewed to ensure the patient does not
meet exclusion criteria (eg, known prior obstructive CAD), as
many referring physicians check this indication without
objective evidence of known CAD.

https://www.researchprotocols.org/2025/1/€71726
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No exclusions will be made at the level of the input data after
confirming patient-level eligibility. If data on the referral form
are missing or of poor quality, research staff will review any
additional documentation in the patient’s chart to attempt to
obtain the missing data. Otherwise, the data will be imputed.

Randomization

Participantswill be randomly assigned (1:1 allocation) to either
usual care or centralized triage using Al-based CAD risk
assessment. Block randomi zation using randomly varying block
sizes (unknown to investigators and study personnel), stratified
by site with a computer-generated random sequence, will be
used. Research personnel will randomize participants via an
interactive web response system, ensuring allocation
concealment. Theinteractive web response system isa24-hour
computerized randomization internet system maintained by the
coordinating center at Hamilton Health Sciences’ Population
Health Research Ingtitute.

I nterventions

Centralized Triage

Participants randomized to the intervention arm will have their
referral triaged using an Al-based decision support tool to
determine the cardiac imaging test they will receive. The Al
model uses participants medical history (as documented on
their referral form) to predict the patient’s probability of
significant CAD. Participants deemed high risk for obstructive
CAD will receive ICA as recommended by the Al model,
effectively receiving usual care. Those assessed to be low risk
will receive CCTA, proceeding to confirmatory or therapeutic
ICA if appropriate (Figure 2). For patients undergoing CCTA,
recommendations for medical management versus referral for
| CA will be made based on the CCTA results as per established
clinical practice guidelines (Table S1 in Multimedia Appendix
3). Participants who withdraw consent or are admitted to the
hospital with concern for acute coronary syndrome after
randomization will receive usual care. As our pilot study
suggests that the centralized triage process is acceptable and
has high fidelity [15], no specific strategies to improve
intervention adherence will be implemented.
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Figure2. Theflow of participantsthrough the study. Al: artificial intelligence; CAD: coronary artery disease; CCTA: coronary computed tomographic
angiography; HIU: Heart Investigation Unit; ICA: invasive coronary angiography.
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Only participants in the intervention arm will receive CCTA.
Furthermore, interventional cardiologists require access to
CCTA results to provide the best care and determine the
appropriateness of subsequent ICA. Assuch, blinding of patients
and providersis not possible.

Al-Based Risk Assessment for Significant CAD

Aspart of the centralized triage process, participants alocation
status will be entered into the risk assessment tool prior to
generating the recommendation. For patientsrandomized to the
intervention, the Al model outputs a predicted probability of
significant CAD (not shared with clinical personnel), as well
as an imaging modality recommendation (CCTA or ICA)
informed by the predicted probability. Participants in the
intervention arm will receive the imaging modality
recommended by the tool.

The Al model usesalight gradient boosting machine algorithm
to predict the probability of obstructive CAD based on 42
clinical predictors, including demographic characteristics, patient
referral  information, anthropometric measures, clinical
symptoms, risk factors, medical history, and tobacco habits, as
documented on the referral forms (Multimedia Appendix 4).
Based on clinical input, we included variables related to the
patient's medical history available at the time of referral, the
unigue physician number for each referring physician to capture
patternsin referral practices, and socioeconomic variables. We
selected the light gradient boosting machine algorithm based
on our previous study, in which it showed the best discrimination
performance among 8 machinelearning models developed [14].
An analysis of variable importance and interactions between
variables can be found in our previous publication [14]. The

https://www.researchprotocols.org/2025/1/€71726
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model was trained, validated, and evaluated on data from the
CorHedlth Ontario Cardiac Registry, amulticenter, prospectively
collected registry of referral information from patientsreceiving
ICA in the province of Ontario, Canada. The original model
derivation cohort included 29,448 patients who received their
ICA inthe Hamilton or Niagararegions between 2008 and 2019
[14]. We subsequently externally validated the model using an
additional sample of 7785 patientswho underwent | CA between
2020 and 2023. This trial will use the most recent version of
the model, based on 2008-2023 data from the two trial sites.
The decision thresholds are 0.556 and 0.560 for the Hamilton
and Niagara sites, respectively. The threshol ds were optimized
to maximize the difference between the true positive rate and
thefalse positiverate (Youden index). An exhaustive description
of the development, validation, and evaluation methods and
results for this model will be available in a forthcoming paper
(Petch et a, unpublished paper, April 2025). The Al model is
not currently publicly available.

To obtain the input data for the tool, a research assistant will
manually review the | CA referral forms of eligible patients and
associated documentation in their chart (Figure S1in Multimedia
Appendix 3). If there are ambiguities or inconsistencies in the
referral form or chart, these data will be managed based on
predetermined standard operating procedures (Multimedia
Appendix 5). Missing data will be imputed. Any ambiguities
or inconsistenciesrequiring clinical interpretation will betreated
as missing and imputed.

The user interface of the Al tool consists of variousinput fields
that correspond to the model predictors (Figure S2in Multimedia
Appendix 3). Users either manually enter avalue (eg, for Age)

JMIR Res Protoc 2025 | vol. 14 | €71726 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

or select avalue from thefield drop-down menu (eg, for Referral
Month). Theinput fieldslargely reflect nominal, structured data
elements on the referral forms completed by referring
physicians. While clinical expertise is not required to use the
tool, study personnel using the tool have discussed the contents
of the form at length with members of the Heart Investigation
Unit in preparation for the trial.

Usual Care

Participantsallocated to the control arm will receive usual care,
meaning they proceed directly to ICA as referred. For control
group participants, the Al-based decision support tool will
always recommend ICA (ie, usual care) and provide the
predicted probability of significant CAD, though this probability
will not be shared with the clinical team.

Outcomes

Primary Outcome

The primary outcome is the proportion of normal or
nonaobstructive CAD diagnosed vial CA, calculated by dividing
the number of patients diagnosed with normal or nonobstructive
CAD through ICA by the total patients allocated to that arm.
This was identified as the most policy-relevant outcome for
Ontario Health.

Secondary Outcomes

Secondary outcomes include (1) the number of angiograms
avoided, (2) deviation from management recommendations
following CCTA (ie, angiograms performed when not
recommended), (3) the diagnostic yield of ICA (ie, number of
patients diagnosed with obstructive CAD out of all patients
undergoing ICA), (4) the number of low-quality CCTAS, (5)
the difference in the proportion of normal or nonobstructive
CAD diagnosed through | CA between male and femal e patients;
and (6) the difference in the proportion of normal or
nonaobstructive CAD diagnosed through ICA between sites.
Furthermore, we will assess the budget impact of the Al
intervention.

Data Collection

Overview

All patients will be followed for 90 days from the date of the
final diagnostic procedure to capture any relevant outcomesin
thisstable, el ective outpatient population. For patientsreceiving
only ICA or CCTA, this would be the date of the diagnostic
procedure; for patients recelving ICA after an initial CCTA,
thiswould bethe date of the ICA. All patientswill havea CCTA
or ICA within 6 weeks of their index referral as per provincial
guidelines. Outcomes will beidentified at the time one or both
procedures (if indicated) are complete. We are allowing an
additional 90 daysfrom thefinal diagnostic procedureto capture
any unplanned crossover from CCTA to ICA (see Safety).
Follow-up will be done through the provincial CorHealth
Ontario Cardiac Registry, housed at the Institute for Clinical
Evaluative Sciences. All ICA findingsin Ontario are transmitted
to the provincial registry viaits secure portal. We will extract
ICA findings from the registry and derive our outcomes using
the standard definition for normal or nonsignificant CAD: <70%
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stenosis on amajor coronary vessal (>2 mm) or <50% stenosis
on theleft main. For patientswho receive CCTA, acardiol ogist
will manually extract CCTA results from their charts as part of
follow-up, astheseresultsare not collected by CorHealth. CCTA
findings will be collected in aformat and structure that aligns
with the CorHealth data collection standards used for ICA
findings.

For each CCTA, we will assess the quality of the resulting
image. The quality will be graded on a per-patient basis using
a 3-class system: low quality, denoting an image in which the
coronary anatomy cannot be clearly defined, requiring ICA
within 90 days for clarification; suboptimal quality, denoting
an imagein which the coronary anatomy was equivocal for one
or more nhonprognostic vessels but not requiring ICA based on
CCTA findings and clinical presentation; and high quality,
denoting an image in which the coronary anatomy could be
clearly defined.

To track participant retention, wewill keep alog of all included
participants to document any who are lost to follow-up,
withdraw consent, or do not otherwise receive the recommended
imaging intervention. Additionally, wewill document all reasons
for withdrawal, as well as ask whether the patient intends to
proceed with usual care (if the patient is withdrawing prior to
their imaging procedure). As the necessary outcome data is
generated at the time of CCTA or ICA and direct participant
involvement isnot required for follow-up, the participant burden
will be minimized.

I mplementation Study

As part of a paralel implementation study, we will identify
anticipated challenges to the implementation of the centralized
triage process with Al-based risk assessment for CAD.
Semistructured interviews and el ectronic surveys (viaREDCap
[Research Electronic Data Capture]; Vanderbilt University) will
be conducted with key stakeholders—including the
catheterization laboratory director, catheterization laboratory
manager, catheterization laboratory triage staff, and
representation from the CCTA program—at 3 cardiac centers
not participating in CarDIA-AI. Survey and interview guides
will explore arange of stakeholder perspectivesincluding their
awareness of the innovation and attitudes toward the change
generaly, as well as specific to the innovation, any skills and
experiences they might have that could be required in the
implementation of the innovation, any concerns about the
proposed change, and their intentions to adopt or use the
innovation. Development of the survey and interview questions
will be informed by the updated Consolidated Framework for
Implementation Research, a determinant framework to explain
barriers and facilitators to implementation effectiveness [19].
At the participating centers, interviews will be conducted with
triage staff to assesstheir perceptions of the Al model’s success
and identify what would be needed to integrate it completely
into processes at their site. A list of potentia interview and
survey questions is available in Multimedia Appendix 6.
Descriptive analysis of quantitative survey results (eg, Likert
scale responses) will be conducted by the research team.
Qualitative analysis of open-ended survey questions and
interview transcriptswill be carried out using thematic analysis
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approachesviaNVivo software (Lumivero). Datawill be coded
and mapped to selected constructs of the Consolidated
Framework for Implementation Research. Findingswill be used
to inform the development of strategies and interventions to
mitigate identified barriers to the implementation of the
centralized triage processif it isdetermined to be effective. Key
barrierswill be mapped to the most appropriate implementation
strategies from an established compilation of potential strategies,
the Expert Recommendations for Implementing Change [20].

Analyses

Statistical Analysis

The primary analysis will compare the proportion of patients
referred for cardiac investigation with normal or nonobstructive
CAD diagnosed through ICA between the intervention and
control groupswith a 2-sided ztest comparing two proportions.
All  analyses will be carried out according to the
intention-to-treat principle; that is, all participantswith complete
datawill be analyzed according to the group to which they were
randomized, including noncompliant participants. Thereareno
planned interim analyses. A table of basdline characteristics
will summarize patients overal and by randomization arm.
Continuous variables will be summarized as mean (SD) or
median (IQR), with comparisons between randomization arms
made by a 2-sample t test (or Wilcoxon rank-sum test if data
are not normally distributed). Categorical variables will be
summarized as count and percentage, with comparison using
the Pearson chi-square test. All statistical analyses will be
performed using SA S software (version 9.4; SAS|nstitute Inc).
We will report P values up to 3 decimal places and report P
values less than .001 as <.001. We will use atype | error level
of 5%.

We expect asmall amount of missing datadue to noncompliance
and loss to follow-up. As noted above, participants who
withdraw will be asked for areason for withdrawal to determine
whether the missing information is random. Participants
withdrawing prior to the procedure will be asked whether they
intend to proceed to ICA. Finally, we intend to conduct
sensitivity analyses based on best- and worst-case scenarios to
assess the impact of missing data on the results.

As part of our secondary outcome analysis, we plan to examine
whether the intervention can address disparitiesin ICA findings
and evaluate its effects across different sites and eligibility
criteria. We will stratify by sex to evaluate whether the
i ntervention reduces the discrepancy in the proportion of normal
findings on ICA between male and female patients (female
patients are currently 40% more likely to have anormal finding
on ICA, meaning female patients are less likely than male
patients to experience the therapeutic benefits associated with
ICA). Similarly, we aso plan to stratify by site to evaluate
whether there are differencesin theintervention effects between
the Hamilton and Niagarasites. To simulate theimpacts of using
different criteriafor CCTA-first igibility, wewill also evaluate
the sensitivity of al outcomes to changes to the exclusion
criteria, such asincorporating age- and sex-related exclusions.
Formal statistical testswill not be used, as we do not anticipate
that these hypothesis-generating secondary analyses will be
adequately powered.
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Given our relatively small sample size, there may be an
imbalance at baselinefor important covariates. Wewill therefore
undertake an adjusted analysis as a secondary sensitivity
analysis, adjusting for age and sex. These covariates were
selected based on our externa validation study (Petch et a,
unpublished paper, April 2025), which found an association
between these covariates and the outcome (event rate for male
individuals was 71% vs 53% for female individuals, and 68%
for those older than 65 years vs 59% for those 65 years and
younger).

Economic Analysis

For the budget impact analysis, we will use the trial data and
Ontario Health Insurance Program professional and technical
fees to compare the procedural costs of screening with usual
care (cost of ICA) and the Al model (weighted average of the
cost of ICA and the cost of CCTA based on the Al model
recommendation and CCTA output). A catheterization
laboratory cost, which is not included in Ontario Health
Insurance Program fees, will be added to the cost of ICA. Ina
secondary economic anaysis, the 90-day heath care
expenditures post index investigation (eg, revascularization and
hospitalization) will be derived using the Institute for Clinical
Evaluative Science databases and compared between the 2
diagnostic strategies. Bootstrap techniques will be used to deal
with sampling uncertainty and calculate 95% Cls around the
costs[21]. The per-patient costswill be extrapolated to Ontario
and Canada to document the health care cost savings at the
population level.

Safety

Both CCTA and ICA are considered standard of care in the
patient population for CarDIA-AL. A total of 50% (126/252) of
patients (control arm) will automatically receive usua care.
Patients randomized to the intervention who receive a
recommendation to proceed directly to ICA will effectively also
receive usual care. Patients who receive a recommendation to
proceed to CCTA will not be at increased risk of missed
diagnosis, as CCTA has been found to be as effective as ICA
in both diagnosing and ruling out obstructive CAD in stable
outpatients[9,22-24]. A potential harm in theintervention group
isdoubl e testing, which would occur when the CCTA is of poor
quality and the degree of obstructive CAD cannot be clearly
quantified. Double testing may aso occur when the Al model
predicts a low probability of obstructive CAD, and in turn,
recommends CCTA, but the CCTA is positive and the patient
requires confirmatory or therapeutic ICA. Both of these potential
harms are only expected to occur in asmall number of patients,
and the risk in the intervention group will be much lower as
compared to usual care. Wewill also track ICA within 90 days
of the last imaging procedure to ensure that there are no events
in the intervention group representing unplanned crossover.

Intermsof potential model performance errors, the dataquality
committee will periodically monitor the performance of the
model, with particular attention to when the model appears to
be performing outsideits normal parameters. No formal auditing
is planned.
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Ethical Consider ations

This study was approved by the Hamilton Integrated Research
Ethics Board (HiREB #17103, protocol version 1.8, February
21, 2025. The original study protocol was first approved on
November 5, 2024). At the time of recruitment, participants
will be provided with the informed consent form by email and
will be given the opportunity to ask questions about the study.
The email sent to participants contains the contact information
of two members of the research team, as well as instructions
for participants should they have further questions about the
study or wish to opt out. Documented consent will be obtained
either before or at the time of the index procedure (CCTA or
ICA). Participants are made aware during the consent process
that they will not be provided monetary compensation for
participating in the study. The data obtained from the referral
forms and medical histories that are entered into the decision
support tool, along with the predicted probability of significant
CAD, will be automatically stored in a secure, cloud-based
database upon generation of the recommendation, with the
exception of postal codes and referring physicians’ College of
Physicians and Surgeons of Ontario registration numbers.
Participant datawill be handled in compliance with all relevant
privacy and security regulations. All personal information about
potential and enrolled participants will be securely stored and
accessible only to authorized research team members. To protect
confidentiality, participants will be assigned unique
identification numbers, which will link their personal data to
study-related data. All study data will be deidentified before
being stored in the study database, which is maintained on a
secure ingtitutional server with restricted access.

Results

CarDIA-Al received funding in 2023. Recruitment began on
January 9, 2025, and is projected to conclude in mid to late
2025. As of April 14, 2025, we have enrolled 81 participants.
Data analysis will begin after al follow-up data are obtained.
We expect to submit the first results for publication in 2026.

Discussion

Contributions of the CarDIA-AI Trial

Appropriate test selection for evaluating the coronary anatomy
of elective outpatients with suspected CAD is important for
reducing unnecessary invasive procedures and optimizing health
careresource usage. A recent statement from various radiology
and cardiovascular imaging societies called attention to the need
for research on the use of Al for personalized cardiac imaging
test selection [25]. The CarDIA-ALI trial aimsto meet this need
asthefirst toleverage Al to optimize patient selection for CCTA
versus ICA. Building on strong pilot work demonstrating the
feasibility and potential of the Al model and triage pathway,
this trial will evaluate their effectiveness in clinical practice.
Based on our previous work [14], we anticipate that patients
triaged using the Al-based decision support tool will have a
lower proportion of normal or nonobstructive CAD diagnosed
via ICA compared to those proceeding directly to ICA. If
successful, this intervention could streamline the triage of ICA
referrals and enhance the use of CCTA, which could save health
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care systems millions of dollars each year while preventing
procedural complications.

Comparison to Prior Work

In the assessment of stable CAD, various prediction models
have been devel oped to estimate the probability of disease prior
to diagnostic evaluation [26,27]. While most validated models
rely on traditional statistical approaches, thereisgrowinginterest
in the application of Al methods. In other areas of cardiology,
Al has recently been successfully implemented to support the
triage of chest pain in emergency care settings, reducing time
to emergency cardiovascular procedures[28,29]. Another recent
trial evaluated an Al model that predicts the probability of
significant CAD from stress echocardiography imagesto guide
referrals for ICA [30], highlighting the increasing focus on Al
in cardiology decision-making. However, while Al models have
been developed for numerous use cases in cardiology, their
evaluationin clinica trials has been relatively limited thus far.
Most models that have been prospectively assessed have
demonstrated clinical or operational improvements relative to
clinicians, particularly in applications related to imaging
interpretation and CAD [31]. Despite these promising findings,
there is still a need for prospective trials to determine the
real-world effectiveness of Al interventions [32]. The
CarDIA-ALl trial will addressthisgap by evaluating an Al model
in a pragmatic manner and inform future implementation
strategies for similar interventions.

Strengths and Limitations

There are some limitations to our approach. Based on our pilot
studies, we expect a certain amount of datato be missing from
some patients' referral forms, which we have found to have a
small effect on model performance compared to our origina
retrospective study. However, while our model may achieve
dighter lower predictive performance than it would using
retrospective data, the pragmatic nature of our trial design should
ultimately yield a more realistic estimate of the effects this Al
model would achieve in a real-world setting. Similarly, the
immediate generalizability of the Al model remains uncertain,
asitseffectivenessmay vary across different health care settings.
However, the parallel implementation study will evaluate how
effectively the intervention can be integrated into practice,
identifying barriers and facilitators to clarify the contexts in
which such an intervention may be most effective. Additionally,
while the Al model is specific to the Ontario data on which it
was developed and validated, similar datasets exist in other
jurisdictions. While we are not assessing clinical efficacy and
safety outcomes in this trial, these have been previously
established in trials comparing CCTA-first strategies to direct
ICA [33-36].

Future Directions

Further research is needed to more comprehensively understand
the potential of the Al intervention and its sustainability. For
example, prospective evaluations in other centers will provide
insight into its generadizability and scalability. The
implementation study will quaitatively explorebarriersto using
the intervention as perceived by triage staff. Future studies
where the tool is actively used by triage staff should be
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conducted to further identify potential usability challengesand Conclusions

assess whether the intervention remains effective in routine  tpe carpIA-Al trial isthe first to leverage Al for the triage of

practice. Similarly, future work may also explore thelong-term patientsreferred for assessment of suspected CAD. If successful,

effectiveness of the Al intervention, for example, bY ne jntervention could optimize the referral process, resulting

implementing  methods  to  continually monitor  model i yijjions of dollarsin cost savings to the health care system

performance. while improving the patient experience by reducing exposure
to unnecessary procedural risks.
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