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ABSTRACT

Introduction: Identifying and excluding coronary artery disease (CAD) in patients with atypical angina
pectoris (AP) and non-specific thoracic complaints is a challenge for general practitioners (GPs). A
diagnostic and prognostic tool could help GPs in determining the likelihood of CAD and guide patient
management. Studies in outpatient settings have shown that the computed tomography (CT)-based
coronary calcium score (CCS) has high accuracy for diagnosis and exclusion of CAD. However, the CT
CCS test has not been tested in a primary care setting. In the CONCRETE study, the impact of direct
access of GPs to CT CCS will be investigated. We hypothesize that this will allow for early diagnosis of
CAD and treatment, more efficient referral to the cardiologist and a reduction of health care related
costs.

Methods and analysis: CONCRETE is a pragmatic multicenter trial with a cluster randomized design,
in which direct GP access to the CT CCS test is compared to standard of care. In both arms, at least 40
GP offices, and circa 800 patients with atypical AP and non-specific thoracic complaints will be
included. To determine the increase in detection and treatment rate of CAD in GP offices, the
cardiovascular risk management registration rate is derived from the GPs electronic registration
system. Individual patients’ data regarding cardiovascular risk factors, expressed chest pain
complaints, quality of life, downstream testing, and CAD diagnosis will be collected through
qguestionnaires and the electronic GP dossier.

Ethics and dissemination: CONCRETE has been approved by the Medical Ethical Committee of the
University Medical Center of Groningen. The study is registered in the Netherlands Trial Register

(NTR 7475).

STRENGTHS AND LIMITATIONS OF THE STUDY

e CONCRETE determines the efficiency of CT coronary calcium scoring for diagnosing and
excluding CAD in non-acute primary care patients with chest pain.

e CONCRETE gives insight into downstream testing and (unnecessary) referral rates of both
strategies.

2

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

CONCRETE gives insight into the cost-effectiveness of the CT CCS-based strategy and the
standard of care in primary care.

CONCRETE may initiate a change in primary healthcare policy for non-acute chest pain
patients.

CONCRETE is an implementation study based on the Dutch Healthcare situation in which
patients with non-acute chest pain first visit their GP.
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INTRODUCTION

Cardiovascular diseases (CVD) have a large impact on mortality, with 17.9 million annual deaths
worldwide?, and coronary artery disease (CAD) as a leading cause.? From 2015 to 2040 the number of
adults with CAD is expected to increase with about 50% in the Netherlands.3 CAD is often expressed
by chest discomfort;* for diagnostic purposes physicians use three core symptoms to describe
typicality of chest pain: 1) retrosternal complaints; 2) complaints provoked by exertion, cold,
emotional stress or heavy meals; and 3) complaints that are relieved within 15 minutes after
discontinuation of exertion or 5 minutes after using sublingual nitro-glycerine.* Presence of all three
symptoms indicates typical angina pectoris (AP). If two out of three symptoms are present, the chest
pain is called atypical AP, and patients presenting with none or one of the three symptoms are
determined as having non-specific thoracic complaints.

In the Dutch health care system, the general practitioner (GP) is usually the first physician a
patient consults with non-acute chest discomfort. Chest pain is the primary reason to contact the GP
in about 4% of the consultations.> In only 10-15%, obstructive CAD will eventually be diagnosed as
cause of the symptoms.> The challenge for the GP is to diagnose CAD based on symptoms, age and
sex.> Distinguishing life threatening and non-life threatening diseases is essential for the treatment of
patients, but may be challenging in particular in case of atypical AP or non-specific thoracic
complaints.>® The Dutch College of General Practitioners (Nederlands Huisartsen Genootschap- NHG)
clinical Standard for Stable AP serves as the guideline for GPs regarding, among others, referral for
additional testing and treatment strategies.> 7 According to the prior clinical Standard the GP could
order exercise electrocardiography (ECG).> In practice, however, an important part of this
heterogeneous group of patients was sent directly to the cardiologist for evaluation.® The most
recent Standard (as of January 2020) has been adapted to this practice, and recommends that
patients with typical and atypical AP be referred to the cardiologist (without first having exercise ECG
ordered by the GP).” In non-specific thoracic complaints, the GP should consider diseases other than

CAD, unless there is reason to regard CAD as a possible cause. A recent Dutch nation-wide analysis
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based on data from 2012 shows that 61% of patients who are referred to the cardiologist undergo an
exercise ECG, 22% receive no testing, and 19% undergo (also) a non-invasive CAD imaging test, most
often an ischemia test.® Presently, In the Netherlands, about 105,000 patients are referred to the
cardiologist (52% women) each year.® Ultimately, only 5% of men and 1% of women have severe
obstructive CAD requiring invasive treatment.® There is a clinical need in chest pain patients to
optimize diagnostic management and referral to the cardiologist. An accurate diagnostic and
prognostic tool could help GPs in determining the likelihood of CAD and guide patient management.
At this moment the Dutch GP does not have access to advanced imaging tests for CAD, such as
computed tomography (CT).

In this paper, we present the rationale, objectives, and study design of the CONCRETE trial.
CONCRETE is the abbreviation for ‘Coronary calcium scoring as first-line test to detect and exclude
coronary artery disease in GP patients with stable chest pain.” In CONCRETE, we investigate the
impact of giving GPs direct access to CT coronary calcium scoring for the diagnosis and exclusion of
CAD in a pragmatic randomized trial. The coronary calcium score (CCS) is a robust, quantitative
measure of coronary calcification based on non-contrast, low-dose ECG-triggered CT with a
standardized protocol for scanning and post-processing, with virtually no contra-indications. In
outpatient cardiology clinic setting, the CCS has proven to have better diagnostic and prognostic
power than exercise ECG.%!! The CCS has a negative predictive value of 93-99% for obstructive CAD
in symptomatic patients,’?1® and 99% for major acute cardiovascular events (MACE), with similar
prognostic results in men and women.? 14 The sensitivity of CCS for obstructive CAD is 95-99%.%7-1°
The severity of coronary calcification is strongly related to CAD burden,'? 20 2! jschemia,?! and
MACE,??2* and allows for early detection of patients with non-obstructive CAD, who can then receive
early treatment.?>-28 Research in symptomatic patients undergoing exercise ECG and calcium scoring
in an outpatient cardiology setting showed that the CCS can be safely used for patient stratification,
with no events after one year in patients with CCS <10 (52% of all patients), and better identification

of patients with obstructive CAD and/or subsequent coronary events.'®© Other Dutch studies in
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outpatient cardiology setting have confirmed these findings, and indicate that CCS improves
diagnostic and prognostic stratification compared to exercise ECG testing.’ ! A recent Dutch study in
1,551 cardiology outpatients with chest discomfort and low or intermediate CAD probability, showed
a CCS0in 48%, CCS 1-100 in 32%, CCS 101-400 in 14% and CCS >400 in 6%.2 Only 3% of patients with
CCS 0 had obstructive CAD on CT coronary angiography. During a follow-up of nearly 2 years, the
MACE rate was 0.3% in CCS 0, 1% in CCS 1-100, 4% in CCS 101-400 and 7% in CCS >400.2® A CCS of 0
was found a safe and efficient approach to exclude CAD in patients with low-intermediate pre-test
probability, while probability of obstructive CAD increased particularly from a CCS of 100.°1°222% The
CAD consortium recently reported that inclusion of calcium scoring in risk stratification tools
improves prediction of CAD probability in chest pain patients undergoing invasive or CT coronary
angiography.3° It remains uncertain whether the diagnostic accuracy of CT CCS is the same in primary
care, although prior outpatient studies included mainly low and intermediate probability patients,
similar to the risk profile of GP patients. Also, the impact of implementation of calcium scoring in a
GP setting on CAD diagnosis and treatment rate is unknown. CONCRETE is an implementation study
focusing on the Dutch health care system in which the GP is usually the first physician a patient
consults with non-acute chest discomfort. We hypothesize that GP access to the CT CCS test allows
for early diagnosis of CAD and treatment, more efficient referral to the cardiologist and a reduction

in health care related costs.

OBJECTIVES

The primary objective is to determine the increase in detection and treatment rate of CAD in GP
offices with the CT CCS-based strategy, compared to GP offices with the standard of care strategy, in
patients presenting with atypical AP and non-specific thoracic complaints. The primary endpoint is
the (early) CAD diagnosis registration as expressed by the cardiovascular risk management (CVRM)

registration rate.3! The primary and secondary objectives of the trial are listed in table 1.

6

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Table 1: Primary and secondary objectives of CONCRETE

Primary objective (cluster-based)

1. To determine the increase in detection/treatment rate of CAD in GP offices with the CT CCS-based
strategy, compared to GP offices with the standard of care strategy, in patients with atypical AP and

non-specific thoracic complaints.

Secondary objectives (patient-based)

1. To establish the diagnostic yield to diagnose obstructive CAD, for both strategies

2. To establish the effectiveness in terms of CAD diagnosis and exclusion of GP referral to the

cardiologist for the calcium score cluster as well as the time to (exclusion of) CAD diagnosis

3. To compare downstream diagnostic testing and treatment for both strategies

4. To evaluate whether diagnostic stratification, in particular cut-offs for referral to the cardiologist,
can be optimized for the calcium score

5. To estimate the effect of calcium scoring versus the standard of care on quality of life and cardiac

complaints after 6, 12, and 24 months

6. To estimate the effect of calcium scoring on reduction of MACE (after 2 years).

7. To derive data on the costs per diagnosis of obstructive and diagnosis of non-obstructive CAD in

the setting of calcium score testing versus the standard of care

8. To estimate the cost-utility of implementing the calcium score test in GP setting

9. To develop machine learning tools to evaluate big data on (combinations of) symptoms and family

history/risk factors, and relationship to CAD

10. To establish and visualize relationships between (combinations of) symptoms and family
history/risk factors and probability of CAD, using innovative techniques for big data analysis; these

results will form the input for a risk assessment tool to be developed

Note: all analyses will be analysed by sex. CAD= coronary artery disease. GP= general practitioner. CT CCS= computed tomography

coronary calcium score.

METHODS AND ANALYSIS

Study design and setting

CONCRETE is a pragmatic multicenter study with a cluster-randomized design. This type of design is
increasingly used in primary care for the evaluation of health care interventions.3?-3> An overview of
the study design is provided in Figure 1. From January 2019 onward, GPs are recruited from multi-

practice GP organizations in urban and rural regions from the provinces Gelderland, Groningen,
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Limburg and Overijssel in the Netherlands. The initial aim was to include 80 GP offices. Through a
permutated block randomization scheme (1:1), GP offices are divided into two equally large strategy
groups; one group of GP offices refers patients for CT CCS testing and another group of GP offices
provides the standard of care (Figure 1). The primary analysis will be performed in the two clusters.
After GP office randomization, approximately 800 patients will be included over a period of two years

in both diagnostic strategies (Figure 1).

Enrolment of clusters, GP offices (for primary analysis)
GP offices from the collaborating multi-practice GP organizations are included as clusters if they are

willing to take part in the trial and provide written informed consent.

Enrolment of patients (for secondary analysis)

For the individual-based analyses, patients with non-acute chest discomfort, either atypical AP or
non-specific thoracic complaints (Figure 1), with indication for further diagnostic evaluation as
determined by the GP, will be informed about the trial and asked to participate by the GP. Men of 40
years and older, and women of 45 years and older will be included. Exclusion criteria for individual
patients are pregnancy, unwillingness to provide written informed consent for the individual level
(secondary) outcomes, and prior diagnosis of CAD (percutaneous coronary intervention, coronary
artery bypass surgery, myocardial infarct, stable CAD).

Patients receive an information brochure and informed consent form. The signed informed consent
form is returned to the GP and sent to the researcher. For a patient, participation comprises
agreement to share clinical data from the GP system with the researchers, and filling in
guestionnaires. The first questionnaire is sent to the patient either digitally or by letter, to be
completed prior to the visit to the cardiologist or the CT scan. The diagnostic management executed
by the GP (CT CCS or standard of care) does not depend on the signing of the informed consent by
the patient; this depends on the cluster to which the GP office is randomized.
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CT coronary calcium scoring strategy

The CT CSS is carried out in accordance with the routine procedure of the participating radiology
departments, and performed on the routine (single or dual source) CT scanner used for cardiac
imaging in these departments. In this way, adherence to common clinical practice and
generalizability of results are optimized. In practice, the scan and reconstruction protocol for CCS is
rather standardized. In all centers, the CT scan consists of an ECG-synchronized acquisition without
intravenous iodine contrast, during breath hold. The entire heart is included in the scan range.
Images are commonly acquired around 60% of the cardiac cycle. Tube voltage is 120 kVp and tube
current is generally set at around 80 mAs as reference. Images are reconstructed with a slice
thickness of 3.0 mm and slice increment of 1.5 or 2.5 mm. The radiation dose is approximately 0.5-1
mSv, which is less than 50% of the annual background radiation dose in the Netherlands.3¢37 The CCS
is calculated according to Agatston’s method.38 Patients receive AP medication subscribed by the GP
while awaiting the results of the CT CCS test.” The GP will be informed of the CT CCS result based on
the radiologist report (Figure 1). The report of the radiologist consists of the total CCS and the CCS
per coronary artery (right coronary artery, left coronary artery, left anterior descending artery and
left circumflex artery) and the MESA (the Multi-Ethnic Study of Atherosclerosis) percentile.® CCS
results are categorized as CCS of 0 (no CAD), 1-10 (minimal CAD), 11-100 (mild CAD), 101-399
(moderate CAD) and 2400 (severe CAD), respectively. When no CAD or minimal CAD is found, GPs are
advised to stop AP medication and consider other causes for the complaints. In case of mild CAD,
continuation of AP medication and inclusion of these patients into CVRM is to be considered.3! In
patients with moderate and severe CAD, AP medication is continued and in addition, the patient will
be included into CVRM3! and referred to the cardiologist. In case of a CCS result above the 75t
percentile for age and sex based on MESA percentile,3® the GP is recommended to classify the patient
one CCS category higher than the category matching the absolute score, in view of the premature
atherosclerosis and the associated long-term cardiovascular risk (Figure 1).22 4041 The categories are

based on recent literature from Dutch studies,® ' 2242 and on the experience of physicians who have
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been applying the CCS for years in practice. The management advice for the CCS categories is based
on discussions with cardiologists, GPs and radiologists, and is not obligatory but meant as guidance.
The GP discusses the results with the patient. Decisions regarding patient management remain at the

discretion of the GP, who takes all available patient information into account.

Standard of care strategy

In this arm, all steps are in agreement with routine standard of care, as determined by the NHG
Standard for Stable AP. Thus, patients with atypical AP or with non-specific thoracic complaints in
whom the GP wants to exclude CAD as underlying cause, will be referred to the outpatient cardiology
clinic. There, evaluation of the patient takes place with additional testing at the discretion of the
attending cardiologist in accordance with the guidelines of the European Society of Cardiology
(ESC).*? GPs will be informed of the findings and cardiac diagnosis based on the letter from the

cardiologist (Figure 1).

Data collection

The primary endpoint is an increase in (subclinical) CAD diagnosis and treatment in patients in the CT
CCS strategy compared with the standard care strategy. The detection and treatment rate of CAD in
GP offices is based on the CVRM registration rate. According to the CVRM guideline patients are
registered into the CVRM registry when they have high risk of developing CVD and/or are diagnosed
with CVD.3! CVRM registry data are derived from the GP electronic registration system with
registration date one year before baseline, at baseline and one and two years after baseline.
Individual patient data are collected over a period of two years, using four questionnaires (Table 2)
containing questions with regard to experienced chest pain complaints,** quality of life (EQ-5D-5L)**
4> and heart-related quality of life (HeartQolL).*¢ 47 In addition, the cardiovascular risk profile of the
patient, and information on downstream testing and CAD diagnosis will be collected through the

electronic patient dossier (Table 3).
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STUDY PERIOD

Enrolment | Baseline Execution of Post execution Close-out
strategy strategy
Time points (0] 0 1-2 6 12 24
weeks months months months
Enrolment:
Eligibility screening by GPs X
Informed consent X
Test strategies:
Standard care strategy X
CT CCS strategy X
Assessment:
CVRM GPs offices X X X
Risk factors X
Chest pain complaints X
Quality of life X X X X
Heart related quality of life X X X X

Note: GPs=general practitioners, CT CCS = computed tomography coronary calcium score, CVRM= number of patients registered to Cardiovascular risk

management.

Table 3: Cardiovascular risk assessment items

General health assessment

Smoking habits

Tobacco use per day

Total number of smoking pack years

Alcohol use

Mean number of glasses per day

General behaviour with regard to alcohol use using the 5SH1 test

Family history

Fatal or non-fatal cardiovascular diseases in a first degree family

member?

Diabetes Mellitus

Does the patient have diabetes mellitus?

Rheumatoid arthritis

Does the patient have rheumatoid arthritis?

Physical assessment

Systolic blood pressure

Mean of three blood pressure measurements by general practitioner

Body mass index

Determination of BMI: kilograms/ length? (kg/m?)
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Laboratory assessment
Blood lipids spectrum - HDLratio
- LDL ratio
- Total cholesterol ratio
- Total cholesterol-HDL ratio
- Triglycerides ratio
Blood glucose level Fasting glucose ratio
Estimated Glomerular filtration | eGFR ratio

Note: measurements to assess cardiovascular risk of the patients. BMI=body mass index. HDL= High density lipoprotein. LDL= Low density
lipoprotein. eGFR= estimated glomerular filtration.

Sample size

We used sample size calculations for cluster randomised trials.*® In order to detect a 7.5% difference
in CVRM registrations between the two clusters, with a power of 80%, a significance level of 5%, and
an intra-cluster correlation of 0.01, inclusion of 36 GP offices in each cluster would be necessary, with
an estimated total of 20 patients per GP office (10 patients per year per GP office). To anticipate
unforeseen circumstances, such as drop out, we initially decided to include 40 GP offices in each
strategy group. The calculations are based on the assumption that yearly about 50 patients will
consult their GP with atypical AP and non-specific thoracic complaints,®” with an estimated 10
patients who will be referred for additional evaluation to diagnose or exclude CAD.® In the CT CCS
strategy a CCS of 0 are expected in 45% of patients, a CCS of 1-10 in 10%, a CCS of 11-100 in 20% and
a CCS larger than 100 in 10%, actual percentages will only be known during this study.?3304250 |n the
standard care strategy, 27.5% of the patients are expected to be included in CVRM registry for CAD
diagnosis/treatment, and 35% of the patients in the CT CCS test strategy. These percentages are

based on similar populations from previously published Dutch research.?>1>2

COVID-19 pandemic
The trial was stopped due to the COVID-19 pandemic from March until June 2020. However, even

after the re-start in July 2020, the inclusion of GP offices and patients was so far (June 2021) severely
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slowed due to effects of the COVID-19 pandemic (among others, lower GP consultation rates,
procedures to re-start clinical practice in adherence to COVID-19 regulations, and vaccination
procedures). The COVID-19 pandemic urged us to realign the patient inclusion rate, sample size and
the interdependent calculations of the trial. To reduce the impact of COVID-19 on the progress of

CONCRETE, we aim to increase the number of participating GP offices from 80 to 130.

Data analysis

Baseline characteristics will be summarized by means (standard deviation), median (interquartile
range) and percentages. The primary outcome is the (early) CAD diagnosis/treatment registration as
expressed by the CVRM registration rate at GP office level. The increase for each individual GP office
will be calculated by subtracting the percentage of registrations at baseline from the percentages of
CAD diagnosis/treatment registrations at follow-up. CVRM registration rate of the two clusters will
be compared by using an independent t-test or non-parametric test, depending on distribution. In
case of missing data, due for example loss to follow-up, multiple imputations will be used. In the CT
CCS strategy, receiver operating characteristic (ROC) analyses will be used to find the optimal CCS

and CCS percentile for referral to the cardiologist, by sex.

Follow-up

Patients will be followed for acute myocardial infarction and sudden cardiac death as well as CAD
diagnostic procedures, cardiac interventions, and diagnostic/treatment costs, for up to five years;
source data about CAD diagnosis, diagnostic procedures and follow-up cardiovascular events will
periodically be obtained from the GP electronic dossier. As part of the current grant, follow-up
procedures up to 2 years after the inclusion period are covered. A follow-up up to 5 years will be

performed if additional funding is secured.
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Quality of life

Quiality of life (QoL) and HeartQoL will be compared between the strategies.*> >3 Patients fill in both
guestionnaires prior to the CT CCS or cardiologist referral, and after 6, 12 and 24 months. Multiple
linear regression will be performed, to adjust for potential confounders. Analyses will be performed

on an intention to treat basis.

Cost-utility
Costs of diagnosis are recorded in this clinical trial and used to calculate the costs per CAD diagnosis
(obstructive and non-obstructive) for each strategy. Additionally, costs for events during follow-up
are recorded for each strategy. Cost-utility analysis will be performed to reflect the balance between
incremental monetary cost and incremental quality adjusted life years (QALY) resulting in an
incremental cost-utility ratio (ICUR). A societal perspective will be used and discounting will be
applied for costs (4%) and health outcomes (1.5%) according to Dutch guidelines.>

A patient-level simulation model using a life-long time horizon will be created to assess the
long-term impact of CT CCS access by GPs regarding costs and health outcomes. Due to the late onset
of symptoms for CAD and the major impact of cardiovascular events caused by CAD, extrapolating
the results to a lifelong time horizon is desired to determine the true impact of CT CCS. Clinical data
will be used as input for the simulation model where possible. Bootstrapping is used to determine
uncertainty surrounding these input parameters.>> Model parameters beyond the scope of the
clinical trial are supplemented by literature. Expert opinion will be used in case literature yielded
inconclusive results. To reflect outcome (ICUR) uncertainty, a probabilistic analysis will be performed
using the Monte Carlo approach with 5,000 iterations.>® Results of the probabilistic analysis will be
visualised in a cost-effectiveness plane and cost-effectiveness acceptability curve. Finally, subgroup-

specific cost-utility outcomes will be determined for example for age and sex.
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Patient and Public Involvement

Patients were involved in the design and reporting of the study. Cardiovascular patients gave input
on the information and questionnaires to be provided to patients. Patients are also included in the
user committee of the study, that gives input on every aspect of the trial including recruitment and
conduct. There is a specific part of the CONCRETE website dedicated to informing patients about the

trial and its results.

ETHICS AND DISSEMINATION

CONCRETE has been approved by the Medical Ethical Committees of the University Medical Center of
Groningen, under number 2018/404. The study will be conducted according to the principles of the
Declaration of Helsinki, Brazil, October 2013,57 and in accordance with the Dutch Medical Research
Involving Human Subjects Act (WMO).>® Study data will be collected in a pseudonymised fashion and
managed using REDCap electronic data capture tools hosted by the University Medical Center
Groningen. Pseudonymised CT image data will be stored in the XNAT imaging data archive. We will
handle personal data in compliance with the Dutch General Data Protection Regulation (AVG). *° The

study is registered in the Netherlands National Trial Register on https://www.trialregister.nl/ (NTR:

7475). Information on CONCRETE for patients, physicians and researchers is available at the website

www.concrete-project.nl. Results will be published in peer-reviewed journals and presented at

(inter)national conferences.

DISCUSSION

The CONCRETE study aims to determine whether direct GP access to CT CCS leads to earlier and
more cost-effective diagnosis and treatment of CAD in patients with atypical AP or non-specific
thoracic complaints, compared to standard of care. To our knowledge CONCRETE is the first study
that will test the implementation of CT CCS in primary care, as previous studies have been performed
in secondary care settings.* 11 60 61 Fuyrther, the study will assess and optimize sex-specific diagnostic
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stratification based on the CCS. In addition, CONCRETE will give insight into the QoL of these patients,
downstream testing, (unnecessary) referral rates, and the cost-effectiveness of both strategies.
Implementation of CONCRETE findings could initiate a change in healthcare policy for patients with
atypical AP and non-specific thoracic complaints.

Inclusion of GP offices and patients started in January 2019; at that time, the standard GP
management was to request exercise ECG in patients suspected of CAD. Since January 2020, the
standard of care has changed and exercise ECG testing was replaced by referral to the cardiologist.” It
is expected that the change of the standard care will not influence the study results to a large extent,
because a recent survey has shown that in the years before 2020, GPs frequently referred patients
with suspected CAD directly to the cardiologist, instead of ordering exercise ECG.® ®2 Furthermore,
61% of the patients referred to the cardiologist received an exercise ECG test as first diagnostic test,
and 22% of the referred patients received no diagnostic test at all.>! 8 Thus, the initial diagnostic
procedure in referred patients has so far been commonly the same as in primary care. Finally, it is
expected that direct referral to the cardiologist can reduce heterogeneity in the referral indications
by GPs.

As the study is performed in the Netherlands, health care practice in the standard care
strategy is based on the Dutch GP guideline. However, the scope of atypical AP and non-specific
thoracic complaints in primary care and the diagnostic use of CT CCS are broader. Only 6 to 11% of
chest pain patients will be diagnosed with stable CAD at first GP consultation,® but 33% of MACE and
cardiovascular mortality patients present first symptoms five years before the events.®> Prognosis is
worse in patients without diagnostic testing to exclude cardiac etiology.®® Therefore, GPs often refer
patients with chest pain to the cardiologist for further work-up, as advanced cardiac imaging is
currently not available in primary care. The Dutch National Health Care Institute analysis shows that
the majority of GP patient referrals to cardiology outpatient clinics do not have obstructive CAD and
only 1-5% of the referred patients need invasive treatment.>? The high prevalence of a zero CCS in

referred patients (~50%) supports this fact.?® There is a clear need to improve the cost-effectiveness
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of GP referrals to secondary care facilities. A drawback of CT CCS is the need for ECG-synchronized
cardiac CT scanning, however, cardiac CT is nowadays available in most Dutch hospitals. Although CT
CCS to identify individuals with obstructive CAD is not recommended by the ESC guidelines, it does
mention the use of CT CCS as risk modifier in the assessment of the overall likelihood of obstructive
CAD in low pre-test probability patients.* The CCS is a more powerful predictor of obstructive CAD
and future events in symptomatic patients than traditional risk factors. 42 6466 The “power of zero
CCS” to exclude clinically relevant CAD has been proven in symptomatic patients. 426® GP access to CT
CCS could reduce unnecessary referrals, downstream testing and health care costs. However, little is
known about the usefulness of CCS in a primary care setting. In particular in primary care, the vast
majority of chest pain patients present with atypical chest pain and non-specific thoracic complaints,
causing a diagnostic challenge to GPs if CAD as underlying cause cannot be excluded. In addition, the
guestion remains, what CCS cut-off value should be used to decide on the need to refer patients to a
cardiologist for additional testing. Finally, CT CCS can be used as biomarker for early treatment of
CAD in patients with non-obstructive CAD detected at an early stage.?” 3067 68 Treatment of early CAD
may prevent future MACE or sudden cardiac death, although at this moment this has not yet been

proven in randomized clinical trials.

CONCLUSION

CONCRETE is a pragmatic implementation study to determine the effectiveness of direct GP access to
CT CCS to diagnose and exclude CAD in patients with atypical AP and non-thoracic complaints,
compared with the standard of care. The CONCRETE results are expected to lead to change of GP
referral indications for patients with atypical AP and non-specific thoracic complaints and change of

reimbursement policies in healthcare.

FIGURE CAPTIONS AND LEGENDS

Figure 1: Flowchart of randomisation, referral and test results
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CT CCS: computed tomography coronary calcium scoring, CAD = coronary artery disease, CVRM =
Cardiovascular risk management. AP = angina pectoris. *Guidelines indicate stable chest pain
patients have to start with medication for AP before undergoing diagnostic testing.*” **With CCS >
75t percentile for age and sex, the GP is advised to consider classifying the patient one CCS category

higher.
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ABSTRACT

Introduction: Identifying and excluding coronary artery disease (CAD) in patients with atypical angina
pectoris (AP) and non-specific thoracic complaints is a challenge for general practitioners (GPs). A
diagnostic and prognostic tool could help GPs in determining the likelihood of CAD and guide patient
management. Studies in outpatient settings have shown that the computed tomography (CT)-based
coronary calcium score (CCS) has high accuracy for diagnosis and exclusion of CAD. However, the CT
CCS test has not been tested in a primary care setting. In the CONCRETE study, the impact of direct
access of GPs to CT CCS will be investigated. We hypothesize that this will allow for early diagnosis of
CAD and treatment, more efficient referral to the cardiologist and a reduction of health care related
costs.

Methods and analysis: CONCRETE is a pragmatic multicenter trial with a cluster randomized design,
in which direct GP access to the CT CCS test is compared to standard of care. In both arms, at least 40
GP offices, and circa 800 patients with atypical AP and non-specific thoracic complaints will be
included. To determine the increase in detection and treatment rate of CAD in GP offices, the
cardiovascular risk management registration rate is derived from the GPs electronic registration
system. Individual patients’ data regarding cardiovascular risk factors, expressed chest pain
complaints, quality of life, downstream testing, and CAD diagnosis will be collected through
qguestionnaires and the electronic GP dossier.

Ethics and dissemination: CONCRETE has been approved by the Medical Ethical Committee of the
University Medical Center of Groningen. The study is registered in the Netherlands Trial Register

(NTR 7475).

STRENGTHS AND LIMITATIONS OF THE STUDY

e CONCRETE determines the efficiency of CT coronary calcium scoring for diagnosing and
excluding CAD in primary care patients with stable chest pain.

e CONCRETE gives insight into downstream testing and (unnecessary) referral rates of both
strategies.
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CONCRETE gives insight into the cost-effectiveness of the CT CCS-based strategy and the
standard of care in primary care.

CONCRETE may initiate a change in primary healthcare policy for stable chest pain patients.
CONCRETE is an implementation study based on the Dutch Healthcare situation in which
patients with stable chest pain first visit their GP.
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INTRODUCTION

Cardiovascular diseases (CVD) have a large impact on mortality, with 17.9 million annual deaths
worldwide?, and coronary artery disease (CAD) as a leading cause.? From 2015 to 2040 the number of
adults with CAD is expected to increase with about 50% in the Netherlands.3 CAD is often expressed
by chest discomfort;* for diagnostic purposes physicians use three core symptoms to describe
typicality of chest pain: 1) retrosternal complaints; 2) complaints provoked by exertion, cold,
emotional stress or heavy meals; and 3) complaints that are relieved with the rest and/or within 2-15
minutes after using sublingual nitro-glycerine.* Presence of all three symptoms indicates typical
angina pectoris (AP). If two out of three symptoms are present, the chest pain is called atypical AP,
and patients presenting with none or one of the three symptoms are determined as having non-
specific thoracic complaints.

In the Dutch health care system, the general practitioner (GP) is usually the first physician a
patient consults with chest discomfort. Chest pain is the primary reason to contact the GP in about
4% of the consultations > In only 10-15%, obstructive CAD will eventually be diagnosed as cause of
the symptoms.> The challenge for the GP is to diagnose CAD based on symptoms, age and sex.®
Distinguishing life threatening and non-life threatening diseases is essential for the treatment of
patients, but may be challenging in particular in case of atypical AP or non-specific thoracic
complaints.®>® The Dutch College of General Practitioners (Nederlands Huisartsen Genootschap- NHG)
clinical Standard for Stable AP serves as the guideline for GPs regarding, among others, referral for
additional testing and treatment strategies.> 7 According to the prior clinical Standard the GP could
order exercise electrocardiography (ECG).> However, exercise ECG is known to have suboptimal
sensitivity and specificity for CAD. Furthermore, in clinical practice an important part of this
heterogeneous group of patients was sent directly to the cardiologist for evaluation.® The most
recent Standard (as of January 2020) has been adapted to this practice, and recommends that
patients with typical and atypical AP be referred to the cardiologist (without first having exercise ECG

ordered by the GP).” In non-specific thoracic complaints, the GP should consider diseases other than
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CAD, unless there is reason to regard CAD as a possible cause. A recent Dutch nation-wide analysis
based on data from 2012 shows that 61% of patients who are referred to the cardiologist undergo an
exercise ECG, 22% receive no testing, and 19% undergo (also) a non-invasive CAD imaging test, most
often an ischemia test.® Presently, in the Netherlands, about 105,000 patients are referred to the
cardiologist (52% women) each year.? Ultimately, only 5% of men and 1% of women have obstructive
CAD requiring invasive treatment.® There is a clinical need in chest pain patients to optimize
diagnostic management and referral to the cardiologist. An accurate diagnostic and prognostic tool
could help GPs in determining the likelihood of CAD and guide patient management. At this moment
the Dutch GP does not have access to advanced imaging tests for CAD, such as computed
tomography (CT). Furthermore, the most commonly performed first test, exercise ECG, apart from
suboptimal accuracy for obstructive CAD, cannot detect early stages of CAD. A sensitive test for early
diagnosis of CAD, including non-obstructive stages, will allow earlier treatment based on the Dutch
guideline for Cardiovascular Risk Management (CVRM).? Early treatment could potentially allow a
reduction in the incidence of major acute cardiac events (MACE).

In this paper, we present the rationale, objectives, and study design of the CONCRETE trial.
CONCRETE is the abbreviation for ‘Coronary calcium scoring as first-line test to detect and exclude
coronary artery disease in GP patients with stable chest pain.” In CONCRETE, we investigate the
impact of giving GPs direct access to CT coronary calcium scoring for the diagnosis and exclusion of
CAD in a pragmatic randomized trial. The coronary calcium score (CCS) is a robust, quantitative
measure of coronary calcification based on non-contrast, low-dose ECG-triggered CT with a
standardized protocol for scanning and post-processing, with virtually no contra-indications. In
outpatient cardiology clinic setting, the CCS has proven to have better diagnostic and prognostic
power than exercise ECG.1%1?2 The CCS has a negative predictive value of 93-99% for obstructive CAD
in symptomatic patients,’317 and 99% for major acute cardiovascular events (MACE), with similar
prognostic results in men and women.!* 1> The sensitivity of CCS for obstructive CAD is 95-99%.18-20

The severity of coronary calcification is strongly related to CAD burden,®3 2! 22 jschemia,?? and
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MACE,?*-?> and allows for early detection of patients with non-obstructive CAD, who can then receive
early treatment.?62° Research in symptomatic patients undergoing exercise ECG and calcium scoring
in an outpatient cardiology setting showed that the CCS can be safely used for patient stratification,
with no events after one year in patients with CCS <10 (52% of all patients), and better identification
of patients with obstructive CAD and/or subsequent coronary events.!!’ Other Dutch studies in
outpatient cardiology setting have confirmed these findings, and indicate that CCS improves
diagnostic and prognostic stratification compared to exercise ECG testing.1°1? A recent Dutch study in
1,551 cardiology outpatients with chest discomfort and low or intermediate CAD probability, showed
a CCS0in48%, CCS 1-100 in 32%, CCS 101-400 in 14% and CCS >400 in 6%.2* Only 3% of patients with
CCS 0 had obstructive CAD on CT coronary angiography. During a follow-up of nearly 2 years, the
MACE rate was 0.3% in CCS 0, 1% in CCS 1-100, 4% in CCS 101-400 and 7% in CCS >400.2* A CCS of 0
was found a safe and efficient approach to exclude CAD in patients with low-intermediate pre-test
probability, while probability of obstructive CAD increased particularly from a CCS of 100.10202330 The
CAD consortium recently reported that inclusion of calcium scoring in risk stratification tools
improves prediction of CAD probability in chest pain patients undergoing invasive or CT coronary
angiography.3! In contrast to exercise ECG, the CT CCS test detects also early stages of CAD. Early
detection of CAD combined with early treatment can potentially prevent adverse cardiac events,
lower the burden of disease and increase the patient’s life expectancy.® 32 It remains uncertain
whether the diagnostic accuracy of CT CCS is the same in primary care, although prior outpatient
studies included mainly low and intermediate probability patients, similar to the risk profile of GP
patients. Also, the impact of implementation of calcium scoring in a GP setting on CAD diagnosis and
treatment rate is unknown. CONCRETE is an implementation study focusing on the Dutch health care
system in which the GP is usually the first physician a patient consults with chest discomfort. We
hypothesize that GP access to the CT CCS test allows for early diagnosis of CAD and treatment, more

efficient referral to the cardiologist and a reduction in health care related costs.
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OBJECTIVES

The primary objective is to determine the increase in detection and treatment rate of CAD in GP
offices with the CT CCS-based strategy, compared to GP offices with the standard of care strategy, in
patients presenting with atypical AP and non-specific thoracic complaints. The primary endpoint is
the (early) CAD diagnosis registration as expressed by the cardiovascular risk management (CVRM)

registration rate.’ The primary and secondary objectives of the trial are listed in table 1.

Table 1: Primary and secondary objectives of CONCRETE

Primary objective (cluster-based)

1. To determine the increase in detection/treatment rate of CAD in GP offices with the CT CCS-based
strategy, compared to GP offices with the standard of care strategy, in patients with atypical AP and

non-specific thoracic complaints.

Secondary objectives (patient-based)

1. To establish the diagnostic yield to diagnose obstructive CAD, for both strategies

2. To establish the effectiveness in terms of CAD diagnosis and exclusion of GP referral to the

cardiologist for the calcium score cluster as well as the time to (exclusion of) CAD diagnosis

3. To compare downstream diagnostic testing and treatment for both strategies

4. To evaluate whether diagnostic stratification, in particular cut-offs for referral to the cardiologist,
can be optimized for the calcium score

5. To estimate the effect of calcium scoring versus the standard of care on quality of life and cardiac

complaints after 6, 12, and 24 months

6. To estimate the effect of calcium scoring on reduction of MACE (after 2 years).

7. To derive data on the costs per diagnosis of obstructive and diagnosis of non-obstructive CAD in

the setting of calcium score testing versus the standard of care

8. To estimate the cost-utility of implementing the calcium score test in GP setting

9. To develop machine learning tools to evaluate big data on (combinations of) symptoms and family

history/risk factors, and relationship to CAD

10. To establish and visualize relationships between (combinations of) symptoms and family
history/risk factors and probability of CAD, using innovative techniques for big data analysis; these

results will form the input for a risk assessment tool to be developed

Note: all analyses will be analysed by sex. CAD= coronary artery disease. GP= general practitioner. CT CCS= computed tomography

coronary calcium score.
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METHODS AND ANALYSIS

Study design and setting

CONCRETE is a pragmatic multicenter study with a cluster-randomized design. This type of design is
increasingly used in primary care for the evaluation of health care interventions.333¢ An overview of
the study design is provided in Figure 1. From January 2019 onward, GPs are recruited from multi-
practice GP organizations in urban and rural regions from the provinces Gelderland, Groningen,
Limburg and Overijssel in the Netherlands. The initial aim was to include 80 GP offices. Through a
permutated block randomization scheme (1:1), GP offices are divided into two equally large strategy
groups; one group of GP offices refers patients for CT CCS testing and another group of GP offices
provides the standard of care (Figure 1). The primary analysis will be performed in the two clusters.
After GP office randomization, approximately 800 patients will be included over a period of two years

in both diagnostic strategies (Figure 1).

Enrolment of clusters, GP offices (for primary analysis)

GPs and medical staff of the GP offices, from the collaborating multi-practice GP organizations, are
informed of the trial through written information (e.g. information brochure, newsletters and
website) and verbal information (e.g. presentations during mandatory educational courses and local
policy meetings) by the (local) researchers of the trial. Then, every GP office is contacted by the
researchers to schedule a face to face appointment in order to discuss the trial and their potential
participation. GP offices are included cluster-wise if they are willing to take part in the trial and
provide written informed consent. Thereafter, the GP office is randomized into one of the two
strategy groups using a computerized randomization scheme and is informed by the researcher by
telephone or per email of the randomization outcome. If a GP experiences difficulties in fulfilling the
study tasks; a meeting will take place with the researcher to find solutions in order to sustain

participation. In case GPs wish to discontinue their participation, collaboration is ended and data of
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patients included up to that moment are used in the study, since written consent of the patients was

obtained.

Enrolment of patients (for secondary analysis)

For the individual-based analyses, patients with chest discomfort, either atypical AP or non-specific
thoracic complaints (Figure 1), with indication for further diagnostic evaluation as determined by the
GP, will be informed about the trial and asked to participate by the GP. Men of 40 years and older,
and women of 45 years and older will be included. Exclusion criteria for individual patients are
pregnancy, unwillingness to provide written informed consent for the individual level (secondary)
outcomes, and prior diagnosis of CAD (percutaneous coronary intervention, coronary artery bypass
surgery, myocardial infarct, stable CAD).

Patients receive an information brochure and informed consent form. The signed informed consent
form is returned to the GP and sent to the researcher. For a patient, participation comprises
agreement to share clinical data from the GP system with the researchers, and filling in
guestionnaires. The first questionnaire is sent to the patient either digitally or by letter, to be
completed prior to the visit to the cardiologist or the CT scan. Patients will receive digital reminders
to fill in the questionnaires. The diagnostic management executed by the GP (CT CCS or standard of
care) does not depend on the signing of the informed consent by the patient; this depends on the

cluster to which the GP office is randomized.

CT coronary calcium scoring strategy

The CT CSS is carried out in accordance with the routine procedure of the participating radiology
departments, and performed on the routine (single or dual source) CT scanner used for cardiac
imaging in these departments. In this way, adherence to common clinical practice and
generalizability of results are optimized. In practice, the scan and reconstruction protocol for CCS is

rather standardized. In all centers, the CT scan consists of an ECG-synchronized acquisition without
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intravenous iodine contrast, during breath hold. The entire heart is included in the scan range.
Images are commonly acquired around 60% of the cardiac cycle. Tube voltage is 120 kVp and tube
current is generally set at around 80 mAs as reference. Images are reconstructed with a slice
thickness of 3.0 mm and slice increment of 1.5 or 2.5 mm. The radiation dose is approximately 0.5-1
mSv, which is less than 50% of the annual background radiation dose in the Netherlands.3” 38 The CCS
is calculated according to Agatston’s method.3? Patients receive AP medication subscribed by the GP
while awaiting the results of the CT CCS test, the preventive or pre-emptive treatment for stable CAD
can be stopped if the diagnosis CAD has been ruled out, as recommended by the NHG Standard for
Stable AP.” The GP will be informed of the CT CCS result based on the radiologist report (Figure 1).
The report of the radiologist consists of the total CCS and the CCS per coronary artery (right coronary
artery, left coronary artery, left anterior descending artery and left circumflex artery) and the MESA
(the Multi-Ethnic Study of Atherosclerosis) percentile.*® CCS results are categorized as CCS of 0 (no
CAD), 1-10 (minimal CAD), 11-100 (mild CAD), 101-399 (moderate CAD) and >400 (severe CAD),
respectively. When CCS is 0 or 1-10, GPs are advised to stop AP medication and consider other causes
for the complaints. In case of CCS 11-100, continuation of AP medication and inclusion of these
patients into CVRM is to be considered.? In patients with CCS 101-400 and CCS 2400, AP medication is
continued and in addition, the patient will be included into CVRM ° and referred to the cardiologist.
In case of a CCS result above the 75t percentile for age and sex based on MESA percentile,*® the GP is
recommended to classify the patient one CCS category higher than the category matching the
absolute score, in view of the premature atherosclerosis and the associated long-term cardiovascular
risk (Figure 1).4142The categories are based on recent literature from Dutch studies,® 12242 and on the
experience of physicians who have been applying the CCS for years in practice. The management
advice for the CCS categories is based on discussions with cardiologists, GPs and radiologists, and is
not obligatory but meant as guidance. The GP discusses the results with the patient. Decisions
regarding patient management remain at the discretion of the GP, who takes all available patient

information into account.
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Standard of care strategy

In this arm, all steps are in agreement with routine standard of care, as determined by the NHG
Standard for Stable AP. Thus, patients with atypical AP or with non-specific thoracic complaints in
whom the GP wants to exclude CAD as underlying cause, will be referred to the outpatient cardiology
clinic. There, evaluation of the patient takes place with additional testing at the discretion of the
attending cardiologist in accordance with the guidelines of the European Society of Cardiology
(ESC).** GPs will be informed of the findings and cardiac diagnosis based on the letter from the

cardiologist (Figure 1).

Data collection

The primary endpoint is an increase in CAD diagnosis and treatment in patients in the CT CCS strategy
compared with the standard care strategy. The detection and treatment rate of CAD in GP offices is
based on the CVRM registration rate. According to the CVRM guideline patients are registered into
the CVRM registry when they have high risk of developing CVD and/or are diagnosed with CVD.?
CVRM registry data are derived from the GP electronic registration system with registration date one
year before baseline, at baseline and one and two years after baseline. Individual patient data are
collected over a period of two years, using four questionnaires (Table 2) containing questions with
regard to experienced chest pain complaints,** quality of life (EQ-5D-5L)* 46 and heart-related quality
of life (HeartQol).*” #® In addition, the cardiovascular risk profile of the patient, and information on
downstream testing and CAD diagnosis will be collected through the electronic patient dossier (Table

3).

Table 2: SPIRIT schedule of enrolment, test strategies and assessments
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1

2

i Eligibility screening by GPs X

5 Informed consent X

6

7 Test strategies:

8

9 Standard care strategy

1? CT CCS strategy

12 Assessment:

13

14 CVRM GPs offices X X X
15

16 Risk factors X

1; Chest pain complaints X

19 Quality of life X X X X
20

21 Heart related quality of life X X X X
;; Note: GPs=general practitioners, CT CCS = computed tomography coronary calcium score, CVRM= number of patients registered to Cardiovascular risk
24 management.

25 258

26

27 Table 3: Cardiovascular risk assessment items

28 General health assessment

29

30 Smoking habits Tobacco use per day

31

32 Total number of smoking pack years

gi Alcohol use Mean number of glasses per day

35 General behaviour with regard to alcohol use using the 5SH1 test
36

37 Family history Fatal or non-fatal cardiovascular diseases in a first degree family
38 member?

39

40 Diabetes Mellitus Does the patient have diabetes mellitus?

41

42 Rheumatoid arthritis Does the patient have rheumatoid arthritis?

43 3

44 Physical assessment

22 Systolic blood pressure Mean of three blood pressure measurements by general practitioner
47 Body mass index Determination of BMI: kilograms/ length? (kg/m?)

48

49 Laboratory assessment

?1) Blood lipids spectrum - HDLratio

52 - LDL ratio

53

54 - Total cholesterol ratio

gg - Total cholesterol-HDL ratio

57 - Triglycerides ratio

58

59 Blood glucose level Fasting glucose ratio

60

12
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Estimated Glomerular filtration eGFR ratio

Note: measurements to assess cardiovascular risk of the patients. BMI=body mass index. HDL= High density lipoprotein. LDL= Low density
lipoprotein. eGFR= estimated glomerular filtration.

Sample size

We used sample size calculations for cluster randomised trials.*® In order to detect a 7.5% difference
in CVRM registrations between the two clusters, with a power of 80%, a significance level of 5%, and
an intra-cluster correlation of 0.01, inclusion of 36 GP offices in each cluster would be necessary, with
an estimated total of 20 patients per GP office (10 patients per year per GP office). To anticipate
unforeseen circumstances, such as drop out, we initially decided to include 40 GP offices in each
strategy group. The calculations are based on the assumption that yearly about 50 patients will
consult their GP with atypical AP and non-specific thoracic complaints,> with an estimated 10
patients who will be referred for additional evaluation to diagnose or exclude CAD.® In the CT CCS
strategy a CCS of 0 are expected in 45% of patients, a CCS of 1-10 in 10%, a CCS of 11-100 in 20% and
a CCS larger than 100 in 10%, actual percentages will only be known during this study.?4315051 |n the
standard care strategy, 27.5% of the patients are expected to be included in CVRM registry for CAD
diagnosis/treatment, and 35% of the patients in the CT CCS test strategy. These percentages are

based on similar populations from previously published Dutch research.105253

COVID-19 pandemic

The trial was stopped due to the COVID-19 pandemic from March until June 2020. However, even
after the re-start in July 2020, the inclusion of GP offices and patients was so far (June 2021) severely
slowed due to effects of the COVID-19 pandemic (among others, lower GP consultation rates,
procedures to re-start clinical practice in adherence to COVID-19 regulations, and vaccination
procedures). The COVID-19 pandemic urged us to realign the patient inclusion rate, sample size and
the interdependent calculations of the trial. To reduce the impact of COVID-19 on the progress of

CONCRETE, we aim to increase the number of participating GP offices from 80 to 130.

13
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Data analysis
Baseline characteristics (including baseline rate of CVRM registration) will be summarized by means
(standard deviation), median (interquartile range) and percentages. The primary outcome is the
(early) CAD diagnosis/treatment registration as expressed by the CVRM registration rate at GP office
level. The increase for each individual GP office will be calculated by subtracting the percentage of
registrations at baseline from the percentages of CAD diagnosis/treatment registrations at follow-up.
The difference in increase of CVRM registration rate of the two clusters will be compared with an
independent t-test or non-parametric test, depending on distribution. A multiple multilevel linear
regression will be performed to adjust for potential confounders (differences between GP practices),
such as GP practice size and the ratio men/women per practice (characteristics of each practice). In
case of missing data, due for example loss to follow-up, multiple imputations will be used.

In the CT CCS strategy, receiver operating characteristic (ROC) analyses will be used to find

the optimal CCS and CCS percentile for referral to the cardiologist, by sex and age.

Follow-up

Patients will be followed for acute myocardial infarction and sudden cardiac death as well as CAD
diagnostic procedures, cardiac interventions, and diagnostic/treatment costs, for up to five years;
source data about CAD diagnosis, diagnostic procedures and follow-up cardiovascular events will
periodically be obtained from the GP electronic dossier. As part of the current grant, follow-up
procedures up to 2 years after the inclusion period are covered. A follow-up up to 5 years will be

performed if additional funding is secured.

Quality of life
Quality of life (QoL) and HeartQoL will be compared between the strategies.*® >* Patients fill in both

guestionnaires prior to the CT CCS or cardiologist referral, and after 6, 12 and 24 months. Multiple
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linear regression will be performed, to adjust for potential confounders. Analyses will be performed

on an intention to treat basis.

Cost-utility
Costs of diagnosis are recorded in this clinical trial and used to calculate the costs per CAD diagnosis
(obstructive and non-obstructive) for each strategy. Additionally, costs for events during follow-up
are recorded for each strategy. Cost-utility analysis will be performed to reflect the balance between
incremental monetary cost and incremental quality adjusted life years (QALY) resulting in an
incremental cost-utility ratio (ICUR). A societal perspective will be used and discounting will be
applied for costs (4%) and health outcomes (1.5%) according to Dutch guidelines.>®

A patient-level simulation model using a life-long time horizon will be created to assess the
long-term impact of CT CCS access by GPs regarding costs and health outcomes. Due to the late onset
of symptoms for CAD and the major impact of cardiovascular events caused by CAD, extrapolating
the results to a lifelong time horizon is desired to determine the true impact of CT CCS. Clinical data
will be used as input for the simulation model where possible. Bootstrapping is used to determine
uncertainty surrounding these input parameters.”® Model parameters beyond the scope of the
clinical trial are supplemented by literature. Expert opinion will be used in case literature yielded
inconclusive results. To reflect outcome (ICUR) uncertainty, a probabilistic analysis will be performed
using the Monte Carlo approach with 5,000 iterations.>” Results of the probabilistic analysis will be
visualised in a cost-effectiveness plane and cost-effectiveness acceptability curve. Finally, subgroup-

specific cost-utility outcomes will be determined for example for age and sex.

Patients and Public Involvement

15
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Patients were involved in the design and reporting of the study. Cardiovascular patients gave input
on the information and questionnaires to be provided to patients. Patients are also included in the
user committee of the study, that gives input on every aspect of the trial including recruitment and
conduct. There is a specific part of the CONCRETE website dedicated to informing patients about the

trial and its results.

ETHICS AND DISSEMINATION

CONCRETE has been approved by the Medical Ethical Committees of the University Medical Center of
Groningen (UMCG) on November 12t 2018, version 2.0, under number 2018/404. The study will be
conducted according to the principles of the Declaration of Helsinki, Brazil, October 2013,°® and in
accordance with the Dutch Medical Research Involving Human Subjects Act (WMO).>° Study data will
be collected in a pseudonymised fashion and managed using REDCap electronic data capture tools
hosted by the UMCG. Pseudonymised CT image data will be stored in the XNAT imaging data archive.
We will handle personal data in compliance with the Dutch General Data Protection Regulation
(AVG). ® The trial has a Data Management Plan (DMP) not accessible to the public, consisting -
among other things - of information regarding metadata, the used software for data management
and a platform for storing and sharing data. Monitoring of the data will be performed independently
of the sponsor, by a monitor of the monitoring committee of the UMCG using a preconceived plan.
The participating (University) Medical Centers are subject to internal audit programs, randomly
evaluating scientific studies, independently of the sponsor and investigators. The accredited METc
will receive a summary of the progress of the trial once a year and will make the final decision to
continue or (prematurely) terminate the trial. In case of (serious) events continuation of the trial will
be discussed within the consortium and the accredited METc. However, due to the negligible risk
associated with the CT CCS we do not anticipate adverse events due to the implementation of CT
calcium scoring in GP setting, nor a premature termination of the study. There is liability insurance

for ancillary and post-trial care for those who could have suffered harm from trial participation. The
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study is registered in the Netherlands National Trial Register on https://www.trialregister.nl/ (NTR:

7475). Information on CONCRETE for patients, physicians and researchers is available at the website

www.concrete-project.nl. Results from the trial will be published in peer-reviewed journals with the

consortium members as co-authors and presented at (inter)national conferences. We do not intend
to use professional writers. Following FAIR principles (Findability, Accessibility, Interoperability and
Reuse of digital assets), data will be made available to third parties, after completion of the trial.

Procedures and criteria for sharing of the data will be designed.

DISCUSSION

The CONCRETE study aims to determine whether direct GP access to CT CCS leads to earlier and
more cost-effective diagnosis and treatment of CAD in patients with atypical AP or non-specific
thoracic complaints, compared to standard of care. To our knowledge CONCRETE is the first study
that will test the implementation of CT CCS in primary care, as previous studies have been performed
in secondary care settings.* 12 61 62 Further, the study will assess and optimize sex-specific diagnostic
stratification based on the CCS. In addition, CONCRETE will give insight into the QoL of these patients,
downstream testing, (unnecessary) referral rates, and the cost-effectiveness of both strategies.
Implementation of CONCRETE findings could initiate a change in healthcare policy for patients with
atypical AP and non-specific thoracic complaints.

Inclusion of GP offices and patients started in January 2019; at that time, the standard GP
management was to request exercise ECG in patients suspected of CAD. Since January 2020, the
standard of care has changed and exercise ECG testing was replaced by referral to the cardiologist.” It
is expected that the change of the standard care will not influence the study results to a large extent,
because a recent survey has shown that in the years before 2020, GPs frequently referred patients
with suspected CAD directly to the cardiologist, instead of ordering exercise ECG.® ®3 Furthermore,
61% of the patients referred to the cardiologist received an exercise ECG test as first diagnostic test,

and 22% of the referred patients received no diagnostic test at all.>? 6 Thus, the initial diagnostic
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procedure in referred patients has so far been commonly the same as in primary care. Finally, it is
expected that direct referral to the cardiologist can reduce heterogeneity in the referral indications
by GPs.

No upper age limit is used in this study. Research has shown that even in older symptomatic
patients a CCS 0 can be detected in a sizable proportion (23%).%> Evidently, these patients can be
reassured by the GP. In addition, there are still many older GP patients with undetected, increased
cardiovascular risk. In the ROBINSCA screening trial (mean age 64 year) 17% of the women and 31%
of the men could benefit from preventive drug therapy, based on an elevated CCS.%¢ The results of
this study can help to answer the question whether there is an age above which performing a CCS
test is no longer of additional value.

The CVRM-registration rate at GP-office level will be used in order to determine if there is an
increase in patients within the CVRM registry after the implementation of CCS, in comparison with
the standard of care. Although different types of cardiovascular patients are included in the CVRM
registry (patients with established cardiovascular disease, patients at high risk for cardiovascular
disease resulting from diabetes, chronic kidney disease, or high cardiovascular mortality risk
otherwise), ° the CVRM-registration rate at baseline between the two strategy groups is expected to
be similar, as well as the effects of potential new guidelines. The only difference during the trial that
can be expected to cause a difference in CVRM registrations between the strategy groups is the
application of the CCS in only one of the strategy groups.

The NHG guideline states that patients with typical and atypical AP need to be referred to the
cardiologist for a diagnostic evaluation.” After careful discussion in the CONCRETE steering
committee, we excluded patients with typical AP from inclusion in the present study. Previous
research among patients with atypical AP or non-specific chest pain complaints with generally a low-
to intermediate PTP, demonstrated that CCS is well suited as gatekeeper to rule out (obstructive)
CAD.%” Research regarding high PTP patients, including typical AP patients, is limited and shows a low

prevalence of CCS 0 (12% and 19%), and a relatively high percentage of obstructive CAD in CCS 0 (7%

18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

BMJ Open

and 26%).%” Thus, in this patient category, CCS 0 cannot exclude the presence of obstructive CAD. On
the other hand, the use of CT CCS in the lower PTP population, can not only help to safely reassure
patients with negligible probability of (obstructive) CAD, but also lead to higher diagnostic yield of
patients who are referred to the cardiologist.

As the study is performed in the Netherlands, health care practice in the standard care
strategy is based on the Dutch GP guideline. However, the scope of atypical AP and non-specific
thoracic complaints in primary care and the diagnostic use of CT CCS are broader. Only 6 to 11% of
chest pain patients will be diagnosed with stable CAD at first GP consultation,®® but 33% of MACE and
cardiovascular mortality patients present first symptoms five years before the events.®® Prognosis is
worse in patients without diagnostic testing to exclude cardiac etiology.”® Therefore, GPs often refer
patients with chest pain to the cardiologist for further work-up, as advanced cardiac imaging is
currently not available in primary care. The Dutch National Health Care Institute analysis shows that
the majority of GP patient referrals to cardiology outpatient clinics do not have obstructive CAD and
only 1-5% of the referred patients need invasive treatment.>? The high prevalence of a zero CCS in
referred patients (~50%) supports this fact.?* There is a clear need to improve the cost-effectiveness
of GP referrals to secondary care facilities. A drawback of CT CCS is the need for ECG-synchronized
cardiac CT scanning, however, cardiac CT is nowadays available in most Dutch hospitals. Although CT
CCS to identify individuals with obstructive CAD is not recommended by the ESC guidelines, it does
mention the use of CT CCS as risk modifier in the assessment of the overall likelihood of obstructive
CAD in low pre-test probability patients.* The CCS is a more powerful predictor of obstructive CAD
and future events in symptomatic patients than traditional risk factors. 42 6466 The “power of zero
CCS” to exclude clinically relevant CAD has been proven in symptomatic patients. 426 GP access to CT
CCS could reduce unnecessary referrals, downstream testing and health care costs. However, little is
known about the usefulness of CCS in a primary care setting. In particular in primary care, the vast
majority of chest pain patients present with atypical chest pain and non-specific thoracic complaints,

causing a diagnostic challenge to GPs if CAD as underlying cause cannot be excluded. In addition, the
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guestion remains, what CCS cut-off value should be used to decide on the need to refer patients to a
cardiologist for additional testing. Finally, CT CCS can be used as biomarker for early treatment of
CAD in patients with non-obstructive CAD detected at an early stage.?2317172 Treatment of early CAD
may prevent future MACE or sudden cardiac death, although at this moment this has not yet been

proven in randomized clinical trials.

CONCLUSION

CONCRETE is a pragmatic implementation study to determine the effectiveness of direct GP access to
CT CCS to diagnose and exclude CAD in patients with atypical AP and non-thoracic complaints,
compared with the standard of care. The CONCRETE results are expected to lead to change of GP
referral indications for patients with atypical AP and non-specific thoracic complaints and change of

reimbursement policies in healthcare.

FIGURE CAPTIONS AND LEGENDS

Figure 1: Flowchart of randomisation, referral and test results

CT CCS: computed tomography coronary calcium scoring, CAD = coronary artery disease, CVRM =
Cardiovascular risk management. AP = angina pectoris. *Guidelines indicate stable chest pain
patients have to start with medication for AP before undergoing diagnostic testing.> **With CCS >
75t percentile for age and sex, the GP is advised to consider classifying the patient one CCS category

higher.
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50 Line numbers: 60- 61
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2b All items from the World Health Organization Trial Registration Data Set g g' n/a, the study is
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Q@ 3 Netherlands Trial
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Roles and responsibilities 5a Names, affiliations, and roles of protocol contributors «E Page: 1
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5d Composition, roles, and responsibilities of the coordinating centre, steering committ'é‘e gndpoint adjudication | Page: 26
committee, data management team, and other individuals or groups overseeing the%trnﬁ_lglf applicable (see Line numbers: 687-701
Item 21a for data monitoring committee) 2 g =
Introduction %3 %
Background and rationale 6a Description of research question and justification for undertaking the ftrial, incIuding%tg‘rgary of relevant Page:4 -7
studies (published and unpublished) examining benefits and harms for each interve%t‘j:ﬁé Line numbers: 74 - 157
6b Explanation for choice of comparators ;% g Page: 4 -7
253 Line numbers: 74 - 157
Objectives 7 Specific objectives or hypotheses g;g Page: 6 -7
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Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, facto Eaﬁ,géngle group), Page: 8
allocation ratio, and framework (eg, superiority, equivalence, noninferiority, explora tl?gry)?{ Line numbers: 161 - 171
Methods: Participants, interventions, and outcomes % é'
Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of é; tr% s where data will be | Page: 8 and 27
collected. Reference to where list of study sites can be obtained i § Line numbers: 162-171
a2 8 and 717-727
Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for st%ﬁiy %ntres and Page: 8 and 9
individuals who will perform the interventions (eg, surgeons, psychotherapists) 5? Z. Line numbers: 173 - 203
Interventions 11a Interventions for each group with sufficient detail to allow replication, including how§nd g\/hen they will be Page: 9 - 11
administered g :' Line numbers: 205-244
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pressure), analysis metric (eg, change from baseline, final value, time to event), msghodgaf aggregation (eg,

median, proportion), and time point for each outcome. Explanation of the clinical regvarﬁgie of chosen efficacy

Line numbers: 246-259

and harm outcomes is strongly recommended =) i
Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), as%ejasgents, and visits for Page: 11 -12
participants. A schematic diagram is highly recommended (see Figure) @ 8 = Line numbers: 246-259
%g § Table 2 and figure 1
Sample size 14 Estimated number of participants needed to achieve study objectives and how it wé% gegj:rmined, including Page: 13
clinical and statistical assumptions supporting any sample size calculations ~ Line numbers: 260-273
Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample siz Page: 8 and 13
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Line numbers: 173 -179
and 275- 282. The
description of the
enrolment of the GPs
was limited, therefore
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the enrolment.

Methods: Assignment of interventions (

for controlled trials)
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Sequence generation 16a Method of generating the allocation sequence (eg, computer-generated random nu@beﬁs), and list of any Page: 8
factors for stratification. To reduce predictability of a random sequence, details of a@y p%nned restriction (eg, | Line numbers: 166-167
blocking) should be provided in a separate document that is unavailable to those wgo erlfol participants or
assign interventions S 8
Allocation concealment 16b Mechanism of implementing the allocation sequence (eg, central telephone; seque@ia”;{numbered, opaque, | Page:8
mechanism sealed envelopes), describing any steps to conceal the sequence until interventions are%ssigned Line numbers: 166 —
a 167 and 180-182
Implementation 16¢ Who will generate the allocation sequence, who will enrol participants, and who will ass'(g?n participants to Page: 8 and 9
interventions Line numbers: 166-167
and 189-191
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Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care pr@id%, outcome Page: n/a
assessors, data analysts), and how 2 g’ Line numbers: n/a
17b If blinded, circumstances under which unblinding is permissible, and procedure for Eéve%ing a participant’s Page: n/a
allocated intervention during the trial E 5”35 Line numbers: n/a
Methods: Data collection, management, and analysis oa =
Data collection methods 18a Plans for assessment and collection of outcome, baseline, and other trial data, |n0|t§d%§any related Page: 11 and 12
processes to promote data quality (eg, duplicate measurements, training of assess@;% and a description of Line numbers: 246-259
study instruments (eg, questionnaires, laboratory tests) along with their reliability argogi iﬁ:dlty, if known.
Reference to where data collection forms can be found, if not in the protocol :'5'-5 g
18b Plans to promote participant retention and complete follow-up, including list of any guéf@ne data to be Page: 8 and 9
collected for participants who discontinue or deviate from intervention protocols gég Line numbers: 182-186
302 and 200-201.
Data management 19 Plans for data entry, coding, security, and storage, including any related processesgo(—npr%mote data quality Page: 16
(eg, double data entry; range checks for data values). Reference to where details ogdag management Line numbers: 346-348
procedures can be found, if not in the protocol g o
Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to wg e% her details of the Page: 14
statistical analysis plan can be found, if not in the protocol e 3 Line numbers:284-296
20b Methods for any additional analyses (eg, subgroup and adjusted analyses) § 8 Page: 14 - 15
% % Line numbers: 284 - 329
20c Definition of analysis population relating to protocol non-adherence (eg, as randomged Enalysis), and any Page: 14
statistical methods to handle missing data (eg, multiple imputation) § % Line numbers: 293-294
Methods: Monitoring 5
Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reportiqg_strgcture; statement of Page: 16
whether it is independent from the sponsor and competing interests; and reference$o wlere further details Line numbers: 348-351
about its charter can be found, if not in the protocol. Alternatively, an explanation of whygnjz\ DMC is not needed
21b Description of any interim analyses and stopping guidelines, including who will have acgj.gss to these interim Page: 16
results and make the final decision to terminate the trial @ Line numbers: 251-353
Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reéorted adverse Page: 16

events and other unintended effects of trial interventions or trial conduct

Line numbers: 353-356
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Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the proce% wi@be independent from | Page: 16
investigators and the sponsor 2 g’ Line numbers: 350-351
Ethics and dissemination =) i
Research ethics approval 24 Plans for seeking research ethics committee/institutional review board (REC/IRB) a%pjn_%al Page: 16
Lo= Line numbers: 339-340
Protocol amendments 25 Plans for communicating important protocol modifications (eg, changes to eligibilityiﬁ; :a, outcomes, Page: 16-17
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial re&sﬁi'es, journals, Line numbers: 357-366
regulators) ; ,’3,: %
Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authoxsgtgsurrogates, and how | Page: 8 and 9
(see Item 32) g.;—;'g Line numbers: 177-180
Efié‘ and 189-191
26b Additional consent provisions for collection and use of participant data and biologicé_ %gcimens in ancillary Page: n/a
studies, if applicable %95 Line numbers:
Confidentiality 27 How personal information about potential and enrolled participants will be collected‘;i .hged, and maintained Page: 16
in order to protect confidentiality before, during, and after the trial S 0o Line numbers: 339-348
Declaration of interests 28 Financial and other competing interests for principal investigators for the overall triézan%each study site Page: 26-27
e 3 Line numbers: 708-714
Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contrétuagagreements that Page: 16
limit such access for investigators % g Line numbers: 346-348
5 . not explicitly described
§ % in the manuscript
Ancillary and post-trial care 30 Provisions, if any, for ancillary and post-trial care, and for compensation to those wgo s@er harm from ftrial Page: 16
participation g § Line numbers: 356-357
Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, hea_ihc&e professionals, the Page: 17
public, and other relevant groups (eg, via publication, reporting in results databases, orcgther data sharing Line numbers: 361-366
arrangements), including any publication restrictions E
31b Authorship eligibility guidelines and any intended use of professional writers é. Page: 17
% Line numbers: 362-364
31c Plans, if any, for granting public access to the full protocol, participant-level dataset, angBjstatistical code Page: 17
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Appendices s o
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Informed consent materials 32 Model consent form and other related documentation given to participants and auth_@nseéi surrogates Not added as a
c
@ r:n_g supplement, but can be
= requested
D LA
Biological specimens 33 Plans for collection, laboratory evaluation, and storage of biological specimens for @Eegc or molecular Page: n/a
@ &1
analysis in the current trial and for future use in ancillary studies, if applicable g?b o Line numbers: n/a
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*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for impor@f& garification on the items. Amendments to the

protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons

license.
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