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Abstract

Background: Stress echocardiography (SE) is one of the most commonly used diagnostic imaging
tests for coronary artery disease (CAD) but requires clinicians to visually assess scans to identify
patients who may benefit from invasive investigation and treatment. EchoGo Pro provides an
automated interpretation of SE based on artificial intelligence (Al) image analysis. In reader studies,
use of EchoGo Pro when making clinical decisions improves diagnostic accuracy and confidence.
Prospective evaluation in real world practice is now important to understand the impact of EchoGo

Pro on the patient pathway and outcome.

Methods/Design: PROTEUS is a randomised, multicentre, two-armed, non-inferiority study aiming to
recruit 2,500 participants from National Health Service (NHS) hospitals in the UK referred to SE
clinics for investigation of suspected CAD. All participants will undergo a stress echocardiogram
protocol as per local hospital policy. Participants will be randomised 1:1 to a control group,
representing current practice, or an intervention group, in which clinicians will receive an Al image
analysis report (EchoGo Pro, Ultromics Ltd, Oxford, UK) to use during image interpretation,
indicating the likelihood of severe CAD. The primary outcome will be appropriateness of clinician
decision to refer for coronary angiography. Secondary outcomes will assess other health impacts
including appropriate use of other clinical management approaches, impact on variability in decision

making, patient and clinician qualitative experience and a health economic analysis.

Discussion: This will be the first study to assess the impact of introducing an Al medical diagnostic

aid into the standard care pathway of patients with suspected CAD being investigated with SE.
Keywords

Coronary Artery Disease, Artificial Intelligence, Stress Echocardiography, Coronary Angiography,

Cardiac Imaging, Cardiovascular Health

Trial Registration: Clinicaltrials.gov registration number NCT05028179, registered on 31 August
2021; ISRCTN: ISRCTN15113915; IRAS ref: 293515; REC ref: 21/NW/0199
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Background and Rationale

Coronary artery disease (CAD) is responsible for over 9.1 million deaths worldwide, and 63,000
deaths annually in the UK[1]. As the leading cause of premature death, it is thought to cost the UK
economy in excess of £19 billion annually[2]. Patients with CAD typically present with chest pain or
breathlessness on exertion. However, a large proportion of patients with these symptoms do not
have CAD, and to identify patients who require medication or invasive treatment further
investigations are required. Recent guidelines have consolidated non-invasive imaging as the
standard first line investigation for CAD[3]; including stress echocardiography (SE), myocardial
perfusion scintigraphy (MPS), stress cardiac magnetic resonance (CMR), or computed tomography
coronary angiography (CTCA), dependent upon local resource availability and expertise. SE has been
widely available for the last 20 years, and is performed in three quarters of National Health Service
(NHS) hospitals across the UK[4], making stress echocardiography the most widely available imaging
modality for diagnosis of CAD[5]. However, whilst SE has high clinical accuracy in expert hands, the
reliability of the diagnosis relies on subjective clinical assessment and is therefore highly dependent
on operator performance and experience. Estimates of the diagnostic performance of stress
echocardiograms vary significantly, with an accuracy ranging from 60-94%[5-9]. As a result, the
development of reproducible, accurate, and easy to use quantitative analysis techniques, which can

be routinely applied in stress echocardiography has been a major focus of investigation.

In recent years, artificial intelligence (Al) has been applied to cardiovascular imaging in order to
support diagnosis either through automation of measurements or provision of disease
classification[10]. By providing quicker and less variable outputs[11], Al may reduce cost and
improve patient outcomes. We have recently reported fully automated Al interpretation of SE is
feasible and, in a reader study, improved clinician diagnostic accuracy and confidence[12]. We now
report the protocol of a prospective, randomised, controlled multicentre trial to evaluate the impact
that introduction of this Al classifier into the CAD pathway has on the patient pathway and
outcomes in the UK. We will collect real-world data from multiple hospitals across the UK on the
clinical management decisions made for patients, results from further investigations, cardiac events
that occur during follow-up, variation in stress echocardiogram reporting, clinician diagnostic
confidence and, from this data, also evaluate health economic impact. To our knowledge, there has
been no similar scale, randomised trial, evaluating how Al influences medical decision making and
patient outcome. We expect the trial design to provide a framework for researchers who aim to

validate future Al diagnostic tools.
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Objectives and Outcomes

The primary aim of this study is to investigate if the intervention (EchoGo Pro) plus standard care is
non-inferior to standard care alone in aiding for referral to coronary angiogram following stress
echocardiogram. The primary outcome is based on the clinical decision to refer for angiography
which will be evaluated based on review of participant records at 6-months. An adjudication
committee comprising of at least one accredited cardiologist independent of the trial will review all
clinical data. A correct decision to refer for coronary angiography will be confirmed based on the
results of an elective coronary angiogram. The adjudication committee will decide there was a
correct decision if there is evidence of disease on angiography which would warrant intervention
either by percutaneous intervention or coronary artery bypass grafting. This includes presence of
>70% stenosis in a proximal segment of a main coronary artery (left main stem, left anterior
descending artery, right coronary artery or left circumflex artery) and/or a clinical decision to
undertake intervention either by percutaneous coronary intervention or surgery. To address
secondary outcomes, the adjudication committee will also consider clinical events during the follow-
up period that suggest there may have been an inappropriate decision to manage the participant
medically. The committee will review emergency admissions to hospital to determine whether these
were related to cardiovascular events confirmed by electrocardiogram, troponin elevation, and
emergency or urgent coronary angiography. If there are any deaths, death certification will be used
as evidence of relatedness to cardiovascular disease. Secondary aims include investigating if the
intervention plus standard care is superior to standard care alone in aiding for referral to coronary
angiogram following stress echocardiogram, and if appropriate clinical management decisions are
made when using the intervention plus standard care compared to standard care alone. Further
secondary aims include a health economic impact assessment, and establishing the effect of the
intervention on the number of unanticipated serious cardiac events and subsequent investigations,
clinical management decisions, clinician diagnostic confidence and performance, diagnostic
performance variation, and patient-reported cardiac symptoms (Table 1). All outcomes will be

measured at the conclusion of the study follow-up period.



Table 1: PROTEUS trial objectives and outcome measures
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Objective

Primary

Investigate if the intervention plus standard care is non-
inferior to standard care alone for aiding appropriate referral
to coronary angiogram following stress echocardiogram.

Secondary

Investigate if the intervention plus standard care is superior to
standard care alone for aiding referral to coronary angiogram
following stress echocardiogram.

Investigate the appropriate clinical management decisions
made when using the intervention plus standard care
compared standard care alone.

Establish if deploying the intervention into NHS sites affects
the number of unanticipated serious cardiac events.

Establish if clinical management decision is affected by review
of the intervention report.

Establish if using the intervention affects clinician’s diagnostic
confidence.

Establish if clinician diagnostic performance variance:is
reduced with use of the intervention.

Establish if using the intervention affects the number of
subsequent investigations for cardiovascular disease.
Establish if using the intervention affects participant reported
CAD symptoms.

Assess the health economic impact of implementation and
use of the intervention in NHS units.

Outcome Measure

-AUROC for the ability to make an appropriate
referral to coronary angiogram.

-AUROC for the ability to make an appropriate
referral to coronary angiogram.

-AUROC for appropriate clinical decision for
coronary angiography or medical management.

-Number of acute cardiac events not related to
elective cardiac procedures.
-Change in clinical management decision.

-Clinician  diagnostic confidence in their
interpretation of stress echocardiogram report,
self-reported.

- Diagnostic performance variance using both
inter-clinician and in-site stress echocardiogram
interpretation accuracy.

-Number of investigations following stress echo.

-Participant reported symptoms.

-Participant reported health related quality of
life.
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Hypothesis

The primary null hypothesis is that the intervention is inferior to the comparator (standard care),
with the difference in area under the receiver operating characteristic (AUROC) between comparator
and intervention greater or equal to the non-inferiority margin of 0.05 (Comparator-Intervention 2

0.05).
Methods

PROTEUS is a randomised, multicentre, two-armed, non-inferiority study aiming to recruit 2,500
participants from up to 20 NHS hospitals in the UK referred to SE clinics for investigation of
suspected CAD. All participants will undergo a stress echocardiogram protocol as per local hospital
policy. Participants will be randomised 1:1 to a control group, representing current practice, or an
intervention group, in which clinicians will receive an Al image analysis report (EchoGo Pro,
Ultromics Ltd, Oxford, UK) to use during image interpretation, indicating the likelihood of severe
CAD. There are two remote follow-up visits at 3- and 6-months post-randomisation consisting of
both a medical note review (conducted by the study team) and two patient-reported questionnaires
(Fig. 1). This protocol is prepared in accordance with the SPIRIT statement including the SPIRIT-Al

extension.

Participants who are enrolled in the trial will normally complete four study visits over the course of

the trial:

I.  Screening assessment (Visit 0)

1. Baseline Study Visit (Visit 1)
IIl.  3-Month Follow-up (Visit 2) at 3-months post-randomisation
IV.  6-Month Follow-up (Visit 3) at 6-months post-randomisation



Inclusion criteria
Able and willing to give informed consent

Male or female, 218 years of age at study entry

Assess for eligibility

|

Referred for clinically indicated stress echocardiogram to assess Screening

inducible ischaemia

Exclusion criteria
= More than moderate valvular heart disease
= Left ventricular outflow tract obstruction defined as a gradient >

30mmHg (fixed or dynamic; supravalvular, valvular or sub-

Informed consent

valvular)

= Significant co-morbidities (e.g. cancer) with an expected life-
expectancy of under 12 months in the investigator’s opinion

= Previous coronary artery bypass graft or other cardiac surgery

« Congenital or inherited myocardial disease

y

Intervention

Standard care (stress echocardiogram performed
according to local practice), plus the Al classifier
report

1 Randomisation (n=2500)

Control

Standard care (stress echocardiogram performed
according to local practice)

3-Month Follow-Up

medical note review & patient-reported questionnaires

}

6-Month Follow-Up

medical note review & patient-reported questionnaires

Figure 1. PROTEUS Study overview and visit schedule. Provides an overview of the study, describing

the inclusion/exclusion criteria, randomisation arms, and study visits.
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Al Integration

In order to integrate the Al into the study, a secure connection will need to be established between
each recruiting site and Ultromics. This will allow for the transfer of stress echocardiogram images to
Ultromics for processing, and the return of the Al analysis report to the site for review. Sites will be
connected either via a secure virtual private network (VPN), or image exchange portal (IEP). This will
require communication between site IT/Network teams and connectivity specialists at Ultromics. No
software will be installed on site. Additionally, the picture archiving and communication system
(PACS) at each site will be configured in order to allow data transfer between each site and
Ultromics. For sites whose PACS is unable to be configured, configurations will be established on the
ultrasound machines used for stress echocardiogram image acquisition. Stress echocardiogram
images will then be exported directly from the ultrasound machine, and Al analysis reports will then
be returned as a PDF imported into a secured, access-restricted folder located on a server at the site.

Limited participant details will be included in the file name of the PDF for reidentification at the site.

Sample Size

The study is powered to demonstrate there is no decrease in performance of stress
echocardiography introduced by use of an Al classifier in clinical decision making. Parity between
clinician and Al/clinician over 6 months (AUROC = 0.95) is therefore assumed based on previously
obtained results utilising the intervention[12]. Using a kappa (ratio non-diseased/diseased) of 12,
and assuming 80% power with alpha 0.05, a total sample size of 1,534 participants (767 per arm) is
required under a non-inferiority margin of 0.05. If the margin is reduced to 0.04 then a sample of
2,405 (1,203 participants per arm) is required. Sensitivity and specificity is assumed to be similar to
that from the EVAREST study[13] for clinicians over 12 months (AUROC = 0.88) for the comparator. If
the intervention maintains an AUROC of 0.95 over 12 months, as assumed under the 6 months non-
inferiority objective, then a sample size of 2,132 participants would be powered to show superiority.
This increase in 10% improvement would correspond with the data previously observed[12].
Therefore, we aim to recruit 2,500 participants, allowing for a predicted recruitment drop-out rate
of 5-10%. Under this sample size the trial will be powered for both primary and secondary aims,
including a reduced non-inferiority margin of 0.04. Interim analysis will be used to update any

assumptions where necessary.

Eligibility criteria

Patients are eligible for the trial if:
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(1) Age =18years
(2) Undergoing clinically indicated stress echocardiogram to assess inducible ischemia.

(3) Able and willing to give informed consent

Patients are not eligible for the study if any of the following are met:

(1) Patient has more than moderate valvular heart disease

(2) Patient has a left ventricular outflow tract obstruction defined as a gradient > 30mmHg
(fixed or dynamic; supravalvular, valvular or sub-valvular)

(3) Patient has significant co-morbidities (e.g. cancer) with an expected life-expectancy of
under 12 months in the investigator’s opinion

(4) Patient has had a previous coronary artery bypass graft or other cardiac surgery

(5) Patient has congenital or inherited myocardial disease

(6) Decision to use pacemaker or vasodilator stress for the test

Recruitment

The clinical care team at participating NHS sites will be asked to review their medical records and
identify potential participants. Potential participants will be attending their appointment as part of
their routine clinical care, and thus no additional strategies to recruit participants will be necessary.
Potential participants will be invited to join the study by means of an invitation letter and participant
information leaflet (PIL) from their standard care team. The PIL will detail no less than: the exact
nature of the study; what it will involve for the participant; the implications and constraints of the
protocol; the known side effects and any risks involved in taking part. It will be clearly stated that the
participant is free to withdraw from the study at any time for any reason without prejudice to future
care, and with no obligation to give the reason for withdrawal. If potential participants are
interested in joining the study, they will be offered the choice to contact the study team directly or
give permission for the study team to contact them by their preferred method (phone, email etc).
Potential participants will have the opportunity to discuss the study with a member of the study

team prior to taking part and will be given sufficient time to consider joining the study.

Informed Consent

Informed consent will be obtained from each participant, by suitably qualified study personnel who
have been approved by the local Principal Investigator prior to any study procedures taking place.
Due to the COVID-19 pandemic, additional methods of providing informed consent may be

employed to avoid unnecessary contact. In addition to acquiring written consent face-to-face,
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participants may be offered the opportunity to provide consent via email, post, or verbally over the
telephone. The informed consent process will be completed on the day of the screening study visit
or in advance of the baseline visit if consenting via phone, email, or post. For written consent
provided face-to-face, via email, or phone, the participant must personally sign and date the latest
approved version of the informed consent form (ICF) before any study specific procedures are
performed. For verbal consent, the participant will not sign the ICF; however, the study team will
record on a physical ICF that this participant consented via telephone. The method of consent will
also be recorded in the electronic data capture (EDC) system used for the study. The original ICF will
be retained at the study site, and a copy will be provided to the participant and filed in the medical
notes of the participant. Participants shall be asked to provide consent for the collection of data at
the baseline medical assessment, as well as medical note reviews at 3- and 6-months following trial
entry. Consent shall include explicit permission for the data collected to be used by Ultromics for
commercial benefit. Biological specimens shall not be taken for any reason other than standard care
as per local healthcare provider policy. No specific post-trial provision is required for enrolled

participants. The sponsor has appropriate trial insurance in place.

Randomisation

At study entry a unique study record will be created for each participant on a secure web-based EDC
system provided by Castor EDC. A unique study identification number will be generated for each
participant. Participants will be randomised using a secure web-based platform integrated into the
EDC system. All members of the immediate study team at each participating site will have access to
the EDC and randomisation tool within. The immediate study team will randomise each participant
after valid consent has been acquired and at the baseline visit (Visit 1). Randomisation does not
impact the stress echocardiogram procedure, and can occur immediately prior to, during, or after
the stress echocardiogram procedure. The allocation will not be blinded to the immediate study
team. Participants will not have access to the EDC system and thus will not know which

randomisation arm they have been assigned to.

Randomisation will be stratified by gender, age, recruiting centre, and pre-existing CAD (defined as
previous Acute Coronary Syndrome, or evidence of CAD confirmed on imaging sufficient to change
their management course from primary prevention to secondary prevention). The randomisation
schedule will be generated using Castor EDC by the trial statistician. Adherence to the randomisation

schedule will be monitored by the statistician throughout the trial.

10
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To minimise potential bias in outcome assessments, clinicians will be asked not to share the details
of the Al classifier’s report received for participants within the intervention arm with the participant
or with colleagues who may undertake future investigations e.g. angiography. If a clinician
subsequently considers there is a clinical need to know the details of the Al classifier’s report, this

can be made available at the discretion of the local primary investigator.

Intervention

Participants randomised to the intervention group will undergo a stress echocardiogram at baseline
(Visit 1) in accordance with the local healthcare standard protocols. No concomitant care is
prohibited during the trial. In addition, participants will have their stress echocardiogram images
sent for additional assessment using the EchoGo Pro Al classifier. Once uploaded, the stress
echocardiogram images undergo a technical quality control check prior to auto contouring with the
Al to verify consistency and completeness (confirm images are present and that no errors have
occurred). Stress echocardiograms are eligible for processing through the Al device if they contain
the required views for peak and rest images (apical 2 chamber and 4 chamber views as well as
parasternal short axis mid ventricle level view) and pass quality assessment. If stress echocardiogram
images do not meet the requirements for processing, a rejection report will be generated. Feedback
(including additional guidance for image acquisition best practices) will be provided to the site as
needed during the course of the study. Automated Al generated contours of the endocardial border
will then be used to extract geometric and kinematic features of endocardial motion which are used
by the Al classifier to predict disease. The accuracy of automated contours is assessed by competent
and qualified operators (all required to hold accreditation from their respective recognised
professional bodies i.e. British Society of Echocardiography), employed by Ultromics Ltd. The
referring clinician will be provided with a copy of the Al analysis report within 15-20 minutes to use
as a support to their clinical decision-making process (Supplemental File 1). This report is binary in
nature, providing a result in which the regions of interest within the echocardiogram are suggestive
of a high or low probability of severe CAD (where severe CAD is defined based on the presence of
270% stenosis in the proximal to mid left anterior descending artery (LAD), proximal left circumflex
(LCx) or proximal to mid right coronary artery (RCA) and/or CAD related event within 6- months of
SE, consistent with previous definitions of severe CAD). Data will be collected on the effect of the Al
analysis report on the diagnostic confidence of each clinician. The version of the Al classifier will be
the same as whichever is regulatory cleared and currently in use in standard service to show a fair

representation of device performance within the healthcare setting.

11
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Comparator Group

Participants in the control group will also undergo a stress echocardiogram at baseline (Visit 1) as for
the intervention group. Participant stress echocardiogram images will be sent for assessment as for
the intervention group, but these Al analysis reports will not be returned to the treating clinician.
Participants in the control group will continue down their respective care pathway based on the
treating clinician’s decision only, without the Al analysis diagnostic aid. Participants in the
comparator group will be adjudicated after study completion as for the intervention participants in

order to assess secondary outcomes.

Withdrawals

Participants will have the right to withdraw from the study at any time without giving a reason and
without impacting any future care they receive. Reasons for withdrawal, if given, will be recorded on
the electronic case report form (eCRF), along with the date of withdrawal. In addition, should a
participant be randomised for study entry but meet any exclusion criteria during the baseline stress
echocardiogram, the participant will be withdrawn from the study as a screen fail. Participants who
decide to withdraw will be asked for permission to use data already collected, and if their notes can

be reviewed for the purposes of follow-up/data collection.

Participant Confidentiality

Role based logins will allow restricted access to the online EDC to defined study team members for
specified purposes. The participant’s date of birth and trial identification number will be used for
identification on the eCRFs. The participant’s email address will be recorded to enable follow-up
using the EQ-5D-5L and entered into the secure database, but only viewable to research staff at
sites. All study documents will be stored securely and only accessible to the study team and
authorised personnel. All team members who have access to participant data will be subject to the
Data Protection Act 2018, General Data Protection Regulations (GDPR) and all local organisation
requirements. Archiving will take place following the completion of the study and publication of

study results, in accordance with NHS guidelines, for 25 years.

Data Collection

All collected participant data will be entered into the EDC throughout the course of the study. Both

the EQ-5D-5L and short Seattle Angina Questionnaire (SAQ-7) will be used as patient-reported health

12
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questionnaires throughout the course of the study. Baseline participant demographic information
will be collected by the immediate study team via participant medical note review. The patient-
reported questionnaires will be provided to the participants at baseline (Visit 1) by the study team
and acquired before the participant leaves the clinic. In addition, details of the stress
echocardiogram procedure will also be entered into the EDC by the study team. The immediate
study team will also be responsible for collecting participant outcome data via medical note review,
and providing patient-reported health questionnaires at both 3- and 6-months (Visits 2 and 3) post-
randomisation. The clinical care teams at each site will send out reminders to the participants asking
them to return the questionnaires at 3- and 6-months post-randomisation. Reminders will be sent 2
weeks later if a completed questionnaire has not been received. Participants will be made aware of
the questionnaires at the point of enrolment, with estimated time expenditure stated to ensure
transparency and improved adherence to the protocol. The majority of the clinical outcomes data
shall be retrieved from the 6-month medical note review at site. Other secondary outcomes data on
self-reported participant symptoms will be collected from the EQ-5D-5L and SAQ-7 at 3- and 6-
months post baseline examination, and data from the EQ-5D-5L questionnaire will be used to assess
the intervention cost/benefit impact. Follow-up data will also be used to collect all information on
further tests and procedures to allow a health economic analysis. Further information shall be
collected through self-reporting to assess clinician diagnostic confidence in the Al classifier at

baseline, 3- and 6-months.

Adverse Events

Due to the nature of the disease, it is likely that participants will experience serious adverse events
during the time they are enrolled in the trial. In addition, participants in the study population are
likely to experience co-morbidities. Deterioration of existing medical conditions, hospital admissions
due to acute illness, and new medical problems are also expected. Therefore, events meeting the
criteria of an “expected” or “unexpected” adverse event or serious adverse event will not be
reported unless they are also classed as “related”. Post market surveillance of the Al classifier is
conducted as part of its regulatory obligations for CE marking to identify and analyse any

performance errors.

13



Journal Pre-proof

Data management

Baseline and outcome data will be collected via eCRFs onto a password protected EDC system
provided by Castor EDC. Data will be entered at site and subject to validation checks to ensure
completeness and validity of data collected. Members of the study team will monitor data validity

and completeness. Audits will be undertaken following a risk-based approach.

Clinical data recorded on the eCRFs is stored on Castor EDC servers in the UK and compliant with
relevant data protection legislation. No study data will be stored on local machines. Any paper-based
materials such as consent forms containing participant identifiers will be held securely at the
research sites following local Trust procedures. Stress echocardiogram images sent to Ultromics for
the purpose of the study are automatically deidentified during the transfer pathway from each site
to Ultromics and ultimately stored on a secure Azure UK server, with access restricted by secure log-
in to authorised individuals within Ultromics only. All data management procedures are conducted
per the PROTEUS Data Management Plan (DMP) and according to Ultromics Ltd. standard operating

procedures (SOPs).

Statistical methods

A study adjudication committee, comprised of at least one accredited cardiologist, will review
outcome data collected during the 6-month medical records review as described above in the
description of primary and secondary outcomes. The adjudication committee will be blinded to the
results of the stress echocardiogram and/or the EchoGo Pro report. The committee will review the
uploaded discharge summaries and/or cardiac investigation/procedure reports to confirm
participant outcome. Receiver operator characteristic (ROC) curve analysis will be used to assess the
accuracy of deciding to refer a participant for coronary angiogram in PROTEUS. The Delong test will
be used to obtain the significance of the difference in AUROC between comparator and intervention.

Testing will be one-sided with a non-inferiority margin of 0.05 (Comparator-Intervention > 0.05).

For secondary analysis, ROC curve analysis will be used to test for superiority of the intervention
over the control using the principles applied for the primary analysis and for evidence of change in
medical management decisions. For other outcomes based on estimation of odds ratio between
control and intervention arms we propose a Generalised Logistic Mixed Model (GLMM) method
using the binary composite secondary outcome. Depending on the outcome either logistic or linear
mixed models will be used. This modelling method will include both fixed and random effects,
allowing to account for the expected site-specific variation in the random effects. The fixed effects

will include a variable defining the echo being processed through the comparator or intervention
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arm. The outcome will be defined using a dichotomous variable defining whether the participant
received the appropriate decision in terms of referral to elective invasive coronary angiogram or not.
Residuals of this model should show no evidence of deviating from the linearity assumption of
GLMM and transformations will be explored if required. Analysis can be performed either in SAS-
STAT 14.3 (glimmix procedure) or R 4.0.3 (Ime4 package). The following secondary outcomes are not

suitable for analysis using GLMM:

e Change in health-related Quality of Life (measured by EQ-5D-5L at trial entry, 3-months and
6-months)
e Change in CAD symptoms and impact on participant health status (measured by patient-

reported SAQ-7 trial entry, 3-months and 6-months)
A longitudinal model will be fitted to address whether there is a significant change over time.

Subgroup analyses will be based on additional features, including:

e Biological sex (male vs female)

o Age

e Coronary disease (known coronary disease vs. no disease)

e LV function (regional wall motion at rest vs. normal LV function)

e Stress Echo (contrast vs. non-contrast stress echo)

e Stress Echo test (exercise vs. pharmacological stress echo test)

e Number of stress echocardiograms performed at site (high vs. low volume)

e Ultrasound machine vendor

e Per-recommendation analysis (i.e., as per the Al classifier’s report recommendation)
When a significant association is reported, subgroup analysis of the outcome stratified over this
variable will be performed. Further analysis will look at the learning and decision curves of clinicians

based on their expert level.

Missing and inconclusive data will be defined as:

1. Missing at random (MAR) - Unrelated to any of the observed or unobserved data
2. Missing not at random (MNAR) - Related to the unobserved outcome data
3. Invalid inconclusive outcomes - Uninterpretable or missing outcome features not related

to unobserved outcome data.
4, Valid inconclusive outcomes - Data where imaging diagnostic features have been

obtained, but the result is not clearly positive or negative.
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There is no single “optimal” approach to analysing missing or inconclusive results. In these scenarios
within this this study, where possible, diagnostic accuracy will be analysed in line with how the test
in question would be used in clinical practice. This will not be conducted for MAR and invalid
inconclusive if confirmation is present that the cause is an intrinsic property of the test (an objective
quality) rather than factors effecting false positive and false negative rates[14, 15]. If multiple
imputation methods based on correlation with related factors is possible, this will be implemented

instead of the complete exclusion of the data.

For valid inconclusive results and MNAR, the outcome measure will be assigned to one of the binary
outcome variables via an outcomes adjudication committee informed by additional relevant

metadata (i.e. patient intervention, other imaging, medical records etc.).

Sensitivity analyses will be carried out on the primary and secondary outcomes to assess the impact
of missing data; if there is greater than 20% missing data, appropriate imputation methods will be
utilised, if there is less than 20% missing data, missing data sensitivity analyses will not be
performed. As follows, all cases should be included in the performance analysis as far as practicable

and should minimise associated performance biases.

Interim analyses

An interim analysis will be performed by the trial statistician when 30% of the original sample size
has been recruited (750 participants) based on 3-month follow-up data. This analysis will be to
check the assumption related to referrals for coronary angiography and incidence of severe disease
i.e. the estimated kappa (ratio non-diseased/diseased) = 12) as well as the drop-out ratio being
between 5-10%. Based on this information the Trial Steering Committee (TSC) will decide as to
whether to adjust the sample size. There is no planned adjustment of the significance level foreseen,

this would be kept at 5% for both interim and final analysis.

Trial Oversight

The trial will be overseen by an independent TSC. The TSC will include an independent Chair, a
majority of independent members, a PPl member, and the Chief Investigator and Clinical Lead. The
Clinical Project Manager or delegate will act as the committee facilitator. The TSC will review overall
progress of the trial and report to the funder. It will act on recommendations of the Data Safety

Monitoring Committee (DSMC).
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The trial sponsor has established a study specific DSMC, the membership of which includes
independent subject matter experts. The independent DSMC will review progress and emerging
safety data for the trial. It will provide recommendations to the TSC and to the Sponsor on trial

conduct as necessary.

Dissemination policy

The results from the trial shall be disseminated through conference attendance and publication in
peer reviewed open access journals. The protocol shall be published in an open access journal and
permission has been sought from the trial participants to share anonymous data for future research

purposes.

Discussion

The PROTEUS study will be the first randomised controlled trial to assess the impact of an Al medical
device on the standard care pathway of suspected CAD patients. As the proposed use of Al within
healthcare is gaining greater visibility, robust validation is required to maintain the confidence of
patients and doctors in its application. This trial primarily aims to ensures there is no negative impact
of introducing an Al classifier into the patient pathway while evaluating the broader impacts of the
Al classifier on patient outcomes, clinician and patient experience and health economics. There are
however, a range of other conditions and protocols relevant to the use of stress echocardiogram
that were not included in the study design. Future technical developments will be required to

generate results for these patients.

This study uses a predefined electronic randomisation, in which the participants are blinded to the
allocation; however, the referring clinician will be unblinded to the allocation, allowing us to
measure changes in clinician confidence based on the recommendation of the technology and the
impact of the medical device in the care pathway. Data will also be collected from the participants to
measure their perceptions of Al in healthcare, as well as self-assessed symptom reporting. As the
care pathway for those participants within the intervention arm and control arm are identical, the
risk of adverse events related to the trial is reduced, and concerns regarding protocol adherence are

removed.

Potential implementation problems for the study may lie in the integration of different ultrasound

vendors and connectivity methods found in the healthcare settings that enrol to the trial. Robust
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connectivity assessments and trial echocardiogram studies will be processed prior to the study kick-
off meetings in order to reduce unforeseen issues, alongside regular service monitoring to detect
and resolve issues should they appear. Additionally, the study design and funding allowed for follow
up to six months after stress echocardiogram. Although the majority of events will be captured
during this period, it is likely additional adverse acute coronary events will occur after this six-month

time window. A subsequent study to evaluate longer term follow up will be important.

As one of the leading causes of premature death[2], CAD presents healthcare providers with a
resource and economic burden which is set to rise[16]. For these reasons, we believe that the results
from the PROTEUS study could present an important opportunity to provide cost effective and
efficient changes to the standard care pathway, which could result in positive patient outcomes. In
addition, we believe use of a large multicentre randomised trial to evaluate a novel Al diagnostic aid

establishes an exemplar for future safe and effective adoption of Al into clinical practice.

Trial status

The trial commenced recruitment in September 2021 and is expected to continue until December
2023. Delays due to the COVID-19 pandemic have caused study timelines to be extended from the
original estimated study end date of December 2022. At the time of manuscript submission, 1941
participants have been recruited to the study. Protocol version at time of manuscript submission:

Version 6.0 (19" Jan 2023).
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