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Abstract 

Background: Invasive coronary angiography (ICA) is the gold standard for the diagnosis 
of coronary artery disease (CAD). However, the diagnostic yield  of elective invasive 
coronary angiography (ICA)  for obstructive CAD is low. Moreover, it is associated with 
a small risk of complications and high costs. Non-invasive imaging techniques have 
mainly been tested as gatekeeper for ICA in selected populations not resembling clinical 
practice. We hypothesize that the relative contribution of ICA to clinical decision 
making is limited when high quality Coronary Computed Tomography Angiography 
(CTA) and/or Cardiac Magnetic Resonance (MRI) perfusion imaging is available in a 
clinical all-comers population. 

Design: The Replacement of invasive diagnostic coronary procedures by innovative 
non-invasive Imaging Technologies (REPLACE-IT) study is a pragmatic prospective 
multi-center real-life observational study designed to evaluate decision-making based 
on non-invasive CTA and MRI as compared to ICA +/- Fractional Flow Reserve in the 
assessment of CAD. 

Population and intervention: Two Hundred and Sixty Five patients referred for ICA 
because of clinical suspicion of CAD will, prior to ICA, undergo both CTA and MRI 
stress perfusion imaging prior to ICA. Major exclusion criteria are instable CAD, renal 
insufficiency (eGFR <35 ml/min), body mass index (BMI) >40 kg/m2, significant cardiac 
arrhythmia (e.g. atrial fibrillation/flutter). Patients that receive intervention based on 
ICA findings will be invited to undergo a repeat MRI study after 4-8 weeks.

Endpoints: Agreement between heart team decisions on treatment based on either 
non-invasive imaging or ICA. Secondary endpoint is the development of an efficient 
non-invasive algorithm and a model to predict the efficacy of revascularization. 

Expected results: We aim to determine the relative contribution of ICA on clinical 
decision making in addition to CTA or MRI perfusion imaging or its combination. We 
expect that in a large proportion of patients the decision on revascularization would not 
be driven by information obtained via ICA. 
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Background

Coronary artery disease (CAD) will be the leading cause of death for the next decennia, 
posing a major burden on society [1]. A considerable proportion of costs related to the 
management of (suspected) stable CAD patients is related to the diagnostic work-up, 
especially Invasive coronary angiography (ICA). ICA is not only expensive but also 
harbors the risk of complications. 

Several non-invasive imaging techniques show potential in the evaluation of Coronary 
Artery Disease (CAD) and are recommended in low and intermediate risk patients [2,3]. 
In those with positive non-invasive testing or those at high-risk for obstructive CAD, 
diagnostic ICA should be performed according to current guidelines [3]. Even in this 
highly selected group, the yield  of obstructive CAD during ICA is low, with estimates 
of around 40% even when more liberal criteria (diameter stenosis >50%) for defining 
obstructive CAD are used. [4]. The reason for this low percentage might originate from 
erroneous  assessment of ‘high-risk’ patients i.e. unjustified  direct referrals for ICA and/
or  imprecise conclusions/ interpretations of non-invasive imaging studies. 

Apparently, the real-life selection of patients referred for ICA continues to be suboptimal 
and a more informative non-invasive diagnostic algorithm is required preceding ICA. 
We hypothesized that the relative contribution of ICA on clinical decision making is 
low when a non-invasive imaging algorithm based on the combination of anatomical 
information on the coronary epicardial arteries with high quality Computed Tomography 
Angiography (CTA) and/or functional information on myocardial perfusion with Cardiac 
Magnetic Resonance (MRI) under stress conditions. This might be a pragmatic approach 
to guide real-life referrals for ICA. We hypothesize that this algorithm can replace a 
substantial proportion of the current diagnostic ICA procedures.

Methods

The REPLACE-IT study is a pragmatic, prospective, multi-centre, observational study 
conducted at 3 centres with ICA capabilities in the regional HartNet collaboration 
(University Medical Centre Groningen (UMCG), Ommelander hospital Groningen, and 
Martini hospital) in the province of Groningen, The Netherlands (Netherlands trial 
register: NTR6085). All patients referred by a cardiologist for ICA due to suspicion of 
CAD are eligible for inclusion. We will recruit 265 patients. All patients will be invited to 
undergo both CT and MRI evaluation at the non-invasive imaging facility at the UMCG 
before the scheduled elective ICA procedure in their hospital. Patients who receive 
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intervention based on the ICA findings (either PCI and/or CABG) will be invited to 
undergo a repeat MRI examination to evaluate changes in cardiac structure, function 
and perfusion following intervention. 

Clinical decision making based on non-invasive imaging versus decision based on 
ICA will be assessed by evaluating all cases by independent multidisciplinary heart 
teams. Each case will be allocated randomly and analyzed independently and in 
heart team one (preferential), heart team two (complementary) and heart team three 
(reference). Heart team one (preferential) has the opportunity to decide the sequence 
of presentation of the non-invasive imaging data (CT or MRI information first). Heart 
team two (complementary) will analyze the same case, however with an inversed 
presentation sequence, complementary to the sequence of heart team one. Heart team 
3 (reference) will analyze the coronary angiography images, which will serve as the 
reference standard.  The order of imaging data can be #1 CT first, MRI second, ICA 
third, or #2 MRI first, CT second, ICA third, or #3 ICA alone; and a decision on “No 
revascularization” or “Yes revascularization” will be made at each step. In case of decision 
to perform revascularization observers are asked to further specify treatment to one of 
the following categories:  Percutaneous coronary intervention (PCI), Coronary Artery 
Bypass Graft (CABG) or unclear (further information necessary). The order of imaging 
data evaluation of a single case will be randomly assigned to one of the heart teams. 
Based on the randomization, each heart team is expected to evaluate a comparable 
number of cases in each sequence.

Eligibility

We aim to closely resemble real clinical practice in this pragmatic study by including 
a wide spectrum of ICA referrals and only excluding patients due to safety reasons 
(contrast allergies, incompatible MR devices), contraindications for non-invasive 
imaging or high probability of insufficient quality of the non-invasive imaging data. All 
patients aged >18 years referred for ICA due to suspected CAD are eligible for inclusion. 
Major exclusion criteria are patients with: unstable CAD (i.e. Acute coronary syndrome), 
previous cardiac events in the last 6 months, severe renal insufficiency (GFR <35ml/
min), Body Mass Index (BMI) >40 kg/m2, significant cardiac arrhythmia (e.g. atrial 
fibrillation, severe ectopic beats) and known severe comorbidities. A complete overview 
of the in- and exclusion criteria is shown in table 1. 

 Chapter 9

160



Table 1. In- and exclusion criteria

Inclusion criteria Age >18 years
Ability to provide informed consent
Intermediate or high risk of CAD referred for ICA

Exclusion criteria Instable CAD (Acute Coronary Syndrome) 
(including previous events in the last 6 months)
Renal insufficiency (eGFR <35 ml/min)
Body Mass Index (>40 kg/m2)
Significant cardiac arrhythmia 
Known severe comorbidities 
Iodine allergy
Presence of MR-incompatible Pacemaker or ICD
Severe claustrophobia 
Contra-indications to adenosine and regadenoson

Non-invasive imaging studies

Coronary CT Angiography

CT imaging will be performed on a third generation dual-source CT scanner 
(SOMATOM Force, Siemens Healthineers, Forchheim, Germany). In case of a heart rate 
above 65 beats per minute, a beta blocker (metoprolol) will be injected intravenously. 
First, a non-enhanced CT high pitch spiral acquisition in diastole with prospective 
electrocardiography (ECG) triggering will be performed with standard protocol (120 
kV tube potential. refmAs 75) with an associated radiation dose of 0.5-1 mSv. Then, a 
contrast-enhanced CT examination of the heart will be performed, in high-pitch mode 
if the heart rate and regularity allows. If the heart rate is irregular or remains above 65 
beats per minute with or without betablocker, a sequential scanning mode will be used. 
Radiation dose for a prospectively triggered high-pitch CTA is about 0.5-2 mSv [5] and 
for a sequential CTA about 2-4 mSv [6,7]. 

CT image analysis 

Non-contrast

In patients without prior myocardial infarction and/or coronary intervention (either PCI 
or CABG) the non-contrast enhanced CT data acquisition will be used to calculate the 
Agatston score (Coronary Artery Calcium Score (CAC score)) [8,9]. The cumulative CAC 
score will be used as an additional variable for risk stratification in the statistical analysis 
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and the following groups will be determined: 0 (extremely low risk of CAD), 1-99 (low 
risk of CAD), 100-399 (moderate high risk of CAD), or >400 ( high risk of CAD). This 
score reflects the total burden of calcified plaques in the coronary arteries and positively 
correlates with the total coronary atherosclerotic load [9]. 

Contrast-enhanced 

The contrast-enhanced CTA acquisition will be visually assessed for the absence or 
presence and extent of CAD. In case of the presence of coronary plaque(s), a segment 
based visual evaluation of the plaque(s) will be performed reporting the degree of 
stenosis (DS%, in categories of 0-30%, 30-50%, 50-70%, 70-90%, (sub)total occlusion), 
positive or negative remodelling and plaque characteristics (calcified, non-calcified, 
mixed), similar to clinical practice [10, 11].

Cardiac Magnetic Resonance Imaging
A 1.5 Tesla MRI system (MAGNETOM Avanto fit, Siemens Healthineers, Forchheim, 
Germany) will be used for cardiac MRI acquisitions. Cine images, T1-mapping at rest 
and stress, first pass perfusion and Late Gadolinium Enhancement (LGE) images will be 
acquired. Patients are instructed to refrain from caffeine containing beverages (coffee 
and tea), chocolate and bananas 24 hours prior to the examination, and are asked to stop 
vasodilator medication 2 days prior to the examination. During the procedure, ECG is 
continuously monitored. Blood pressure and heart rate are recorded at baseline, during 
adenosine infusion and during rest perfusion. 

The cardiac DOT engine (Siemens Medical Solutions, Forchheim, Germany) will be used 
for automatic planning of cardiac views using AutoAlign Heart. Standard cine images 
of long axis 4-chamber, 3-chamber and 2-chamber views and short axis stack will be 
acquired. After the cine imaging, native T1-mapping during rest and during vasodilator 
stress will be performed on three midventricular short axis slices, using a MOLLI 5(3)3 
sequence [12]. For stress imaging, patients will receive  140 mmol/kg adenosine for a 
total of 4 minutes or a single bolus of 400 µg regadenoson in case of suspected recent 
caffeine intake or contra-indications for adenosine (e.g. chronic obstructive pulmonary 
disease or asthma).  Native T1-mapping during stress will be acquired 2-3 minutes after 
administration of adenosine or 1 minute after regadenoson infusion, using the same 
short axis slices as for native T1-mapping during rest. Next, True Fisp (TruFi) first-pass 
perfusion imaging will be performed [13-16] by injecting 0.1 mmol/kg Gadolinium at 5 
ml/s followed by a saline flush of 25 ml at 5 ml/s. The first-pass perfusion sequence will 
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be repeated during rest. 

Ten minutes after the last bolus of contrast agent both Conventional Inversion recovery 
2D single shot LGE with Magnitude Inversion Recovery (MagIR) and Phase Sensitive 
Inversion Recovery (PSIR) reconstruction will be performed [17-20]. A T1-map based 
synthetic inversion time scout (TI-scout) will be used for selection of optimal inversion 
time (TI) to null the myocardium [21].

MRI analysis

Cine images

Automatic analyses of cardiac volumes, mass and function will be performed using Circle 
Cardiovascular Imaging Inc. (CVI; release version 5.10.1, Calgary, Alberta, Canada) with 
manual adjustment of contours if necessary. Left ventricle (LV) and right ventricle (RV) 
endocardial and LV epicardial contours will be drawn at end-diastolic and end-systolic 
phases in short axis cine images to determine ventricular cardiac volumes, mass and 
ejection fraction. LV mass will be determined at end diastolic phase, papillary muscles 
will be excluded from LV mass. 

T1-mapping

The native T1-maps during rest and stress will be used to calculate stress adequacy, 
which is defined as the change in T1-relaxation times from rest to stress [22,23]. The 
following formula will be applied to determine T1-reactivity: 

T1-reactivity = (T1 stress / T1 rest) *100%

A region of interest (ROI) will be drawn in the midventricular slice of the T1-maps at the 
inferoseptal region. To avoid partial volume effects of the blood pool, all samples will be 
placed in the core of the ROI, using conservative septal sampling [24]. 

Perfusion 

Visual interpretation of the MR perfusion examination will use the following criteria 
for a perfusion defect: area of hypo-enhancement that is 1) related to a coronary artery 
territory, 2) persisting for more than 3 phases after maximal enhancement of normal 
myocardium, and 3) reduced or delayed compared to other myocardial segments. On 
a segmental scale the results will be scored on a binary basis as: hypo-perfusion or 

REPLACE-IT: rationale and design

163   

9



normal, and on a categorical basis: (1) normal perfusion, (2) (sub-)endocardial ischemia 
(<1/3 of LV-wall thickness), and (3) transmural ischemia (>1/3 of LV wall thickness). 
Patients with regional perfusion deficit of >1/3 wall thickness and lasting more than five 
heartbeats after maximal signal intensity in LV cavity in >2 segments (American Heart 
Association 17-segment model (AHA)) will be classified as having significant CAD [25, 
26]. 

Late Gadolinium Enhancement 

LGE images will be analyzed using CVI software. Endo- and epicardial contours of 
the left ventricle will be drawn manually. A reference point will be placed outside and 
below the inferior wall of the left ventricle in short axis direction. The software will 
automatically divide the myocardium into 6 (basal and mid-ventricular short axis slices) 
or 4 (apical short axis slice) segments according to the AHA 17-segment model. In the 
Conventional MagIR and PSIR images myocardial scar volume will be quantified using 
the Full Width Half Max (FWHM) (MagIR) [27-30]. The FWHM method will be used as 
primary outcome for myocardial scar volume assessment.   

Invasive Coronary Angiography

The clinically indicated ICA procedure will be performed in accordance with institutional 
standards and international guidelines within 0-4 weeks after the MRI examination. In 
study patients with CAC score 0 and no perfusion defect on CMR, the treating cardiologist 
will be notified. The decision to proceed with or cancel the ICA procedure is still at 
the discretion of the treating cardiologist. During ICA functional flow measurements 
will be performed in cases with intermediate stenosis with either FFR or instantaneous 
wave free reserve (iFR) at the discretion of the interventional cardiologist performing 
the procedure. FFR measurements will be performed using intracoronary injection of 
adenosine. iFR measurements will be performed using the Volcano iFR console. An 
FFR-value ≤0.8 or iFR ≤0.89 will be considered as proof of significant flow impairment 
and an indication for coronary intervention (e.g. PCI or CABG) [31-33]. Stenosis severity 
will also be assessed using Quantitative Flow Reserve (QFR) to provide an additional 
objective definition of stenosis severity [34-36].

Heart team 

Clinical decision making based on non-invasive imaging (CT and MRI) versus ICA-
based decision making will be assessed by three independent heart teams blinded to 
the actual treatment decision.  (figure 1).   Every heart team will consist of at least one 
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cardiologist, one cardio-thoracic surgeon and one radiologist. Each initial case will be 
presented with all available relevant baseline characteristics (i.e. age, gender, medical 
history and cardiac risk factors) and combined with only a specific part of the imaging 
data in accordance with the pre-specified order of representation. In this first step the 
heart teams will discuss the case (baseline patient characteristics + imaging data of one 
of the imaging modalities) and a 1st treatment decision (Optimal Medical Treatment, 
PCI, CABG, unclear/further diagnostics essential) will be made. After the first decision 
information of the other imaging modality will be added and a 2nd treatment decision 
will be made. After every decision moment the heart teams will be asked to respond to 
several statements concerning the certainty of the made treatment decision, evaluated 
on a 5-point Likert scale. Decision making based on non-invasive imaging will be 
compared to decision making based on ICA. 

Case

CT + CMR based 
decision

Scenario II:
CT information 

first

CT based 
decision

Additional CMR 
information

Secondary endpoint: 
determination of 

optimal non-invasive 
sequence

Primary endpoint: agreement between 
non-invasive and invasive strategy

Scenario I:
Invasive 

ICA based 
decision

Scenario III:
CMR information 

first

CMR based 
decision

Additional CT 
information

All cases will be assigned to scenario I-III. Evaluation of the cases will be performed by independent heart teams 

Figure 1. Heart team flow diagram. Every case will be discussed in three clinical scenario’s. The 
clinical scenario will be randomized to different heart teams. After every step in the clinical scenario 
a decision will be made on further management: either revascularization (PCI/CABG) or Optimal 
Medical Therapy (OMT). The main comparison will be made between decision based on combined 
non-invasive imaging information (red) and decision based on ICA reference standard (blue). The 
secondary endpoint (orange) will focus on the optimal sequence of non-invasive imaging. 
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Imaging data presentation Heart teams

The imaging data that are used for the discussions in the heart teams will consist of images 
and scan results that reflect current clinical practice. For the CT data the non-contrast 
enhanced CT (CAC-score) as well as the CTA exam with Curved Multiplanar (MPR) 
views of the main epicardial coronary arteries will be available for review/discussion 
together with a per vessel report on presence or absence of epicardial coronary stenosis. 
The MRI data will consist of cine images and calculated LVEF, stress and rest first-pass 
perfusion images to assess myocardial perfusion and conventional LGE images to assess 
myocardial infarction. The ICA data will consist of cine images showing contrast agent 
dispersion across the coronary tree in the main epicardial vessels at different angles and 
data on additional functional flow measurements if performed (e.g. FFR or iFR). 

Study endpoints

The primary endpoint is agreement between non-invasive imaging-based (preferential) 
treatment decision versus ICA-based (reference) treatment decision. The main 
comparison will be made between combined anatomical (CTA) and functional (MRI) 
(decision heart team one) as compared to the reference standard of ICA (decision heart 
team three). Secondary analysis will be performed to assess the optimal sequence of 
non-invasive imaging by comparing the performance of 1. CT first, MRI second and 2. 
MRI first,  CT second strategy to the reference standard of ICA (heart team three). (see 
attachement figure A and B). Additionally, in the subgroup of patients who received 
intervention based on ICA findings, differences in the structural and functional MRI 
parameters as well as presence and/or extent of perfusion defects and/or myocardial scar 
between the MRI pre- and post-intervention will be analyzed.

During the imaging visit, patients will be asked to fill in a questionnaire concerning 
cardiac symptoms and risk factors. After the ICA, patients will receive a questionnaire 
with questions regarding comfort and preference of the imaging procedures. The 
data will be used to assess patient comfort during and preference for the diagnostic 
procedures. Patients will be asked to fill in a questionnaire concerning Quality of Life 
(QOL EQ-5D) and we will perform a cost-utility analysis with calculation of Quality 
Adjusted Life Years (QALYs).  The occurrence of Major adverse cardiac events (MACE) 
during 2 year follow-up will be registered to assess predictors of poor outcome. The 
components of MACE are: cardiac mortality, MI, and re-hospitalization leading to 
urgent revascularization. This endpoint will be evaluated after 6 months, 12 months and 
24 months after the ICA procedure.   
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Statistical analysis and sample size

The primary endpoint of the REPLACE-IT study is the agreement between treatment strategies 
based on non-invasive imaging and ICA reference standard, which will be assessed using 
Cohen‘s kappa. We used PASS 2019 to calculate a sample size with corresponding sensiti vity 
analysis. Figure 2 shows plots for the sensitivity analysis using a kappa test for agreement 
between two strategies and corresponding range of confi dence intervals for proportions 
(sensitivity and specifi city) [37-39].

Figure 2. Sensitivity analysis (A) and plots for expected confi dence intervals (B) for expected 
sensitivity and specifi city with a proportion of positive index test ranging from 0.3-0.7. Power was 
set at 0.8 and alpha= 0.05.

We estimate that 30-70% of ICA examinations will show fl ow-limiting CAD with 
indication for PCI or CABG and expect a high agreement between the non-invasive 
information and ICA reference standard heart team strategies (Kappa ≥0.80). In a test for 
agreement between two strategies using the Kappa statistic, a sample size of 241 subjects 
would achieve 81% power to detect a true Kappa value of 0.80 in a test of H0: Kappa 
= 0.66 vs. H1: Kappa <> 0.66 when there are 2 categories with frequencies of positive 
index test ranging from 0.30-0.70. This power calculation is based on a signifi cance level 
of α= 0,05. A sample size of 241 would produce a two-sided 85% confi dence interval 
for sensitivity and specifi city with a width ranging from 0.045 - 0.084 with sensitivity 
and specifi city ranging between 0.75 – 0.95. To account for drop-out and possible non-
evaluable examinations we propose to recruit 10% additional subjects resulting in a total 
sample size of 265 subjects. Diagnosti c accuracy of CTA, MRI and the combinati on of CT and 
MRI will be assessed by determining sensiti vity, specifi city, positi ve predicti ve value, negati ve 
predicti ve value and diagnosti c accuracy. 
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Discussion

The REPLACE-IT study will study the relative contribution of ICA in clinical decision 
making when high quality CTA and MRI perfusion is available for selecting patients with 
suspected coronary artery disease that should undergo revascularization treatment. 

This study aims to provide an answer to whether the combination of anatomical 
information about the coronary arteries, provided by CTA, and functional information, 
provided by MRI perfusion, results in equivalent decision making as when ICA is 
available. We hypothesize that this strategic combination of non-invasive imaging 
techniques can replace ICA in a large proportion of unselected patients referred for 
ICA. The results from this study will potentially aid in the reduction of unnecessary 
diagnostic ICA procedures to identify and decide on revascularization by providing an 
evidence based (non-)invasive diagnostic algorithm. 

Recent studies such as the SCOT-HEART [40,41] and PROMISE [42,43] trial have shown 
the possible clinical advantages of using CTA in the clinical workflow of assessment 
of CAD. Both trials showed that the use of CTA resulted in a higher detection rate 
of obstructive epicardial disease when compared to current standard care (SCOT-
HEART) or functional testing with either exercise ECG, SPECT or stress echocardiogram 
(PROMISE). The results of the SCOT-HEART trial show that the “current clinical care” 
at that moment was stress ECG in 85% of patients, radionuclide stress imaging in 
9% and other stress imaging in only 1%. In the PROMISE trial CTA was compared to 
“functional testing” with either exercise electrocardiogram, stress nuclear imaging or 
stress echocardiogram. The message of the trials that CTA can improve the diagnosis of 
CAD as compared to the aforementioned diagnostic test is clear. However, we should 
interpret these results with caution. The ESC guidelines of 2019 on CCS clearly state that 
“Exercise ECG has inferior diagnostic performance compared with all other diagnostic 
imaging tests and has very limited power to rule-in or rule-out obstructive CAD” [44]. 
Takx et al. report on the inferiority of nuclear imaging with SPECT as compared to other 
functional imaging modalities such as MRI, PET and CT with AUC of 0.82, 0.94, 0.93 and 
0.93, respectively [45]. 

On the other hand CTA has been shown to provide high diagnostic accuracy for the 
detection of CAD [3]. It appears that the SCOT-HEART and PROMISE trial gave CTA 
a winning chance by comparing CTA to other less accurate diagnostic procedures. 
The main strength of CTA is the exclusion of relevant CAD [7, 46-49]. However, CTA 
has only limited specificity for identifying hemodynamically significant CAD [46, 50]. 
This limitation in specificity and positive predictive value is mainly caused by the high 
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attenuation of calcified plaques, causing blooming artefacts that obscure the lumen [51]. 
Therefore, the anatomical information provided by CTA is not enough to accurately 
stratify patients with either non-obstructive or obstructive CAD. Further non-invasive 
or invasive functional testing is necessary to confirm the presence or absence of 
hemodynamically relevant CAD. MRI, PET and CT perfusion all have high diagnostic 
accuracy [45]. However, PET and CT suffer from the inherent exposure to radiation. 
MRI imaging can offer a comprehensive evaluation of cardiac structure, function and 
viability at high accuracy. In a sub analysis of the CE-MARC trial a full multi-parametric 
protocol combining cine, perfusion and LGE showed to have an optimal diagnostic 
AUC of 86% with high sensitivity (86.5%) and specificity (83.4%) [52]. CTA and MRI 
have both extensively proven their clinical potential utility. The anatomical information 
provided by CTA accurately rules out relevant obstructive CAD. The functional 
information provided by MRI allows for accurate assessment of myocardial perfusion. 
The combination of these techniques in a comprehensive diagnostic algorithm for 
assessment of CAD seems more than feasible.

In the REPLACE-IT trial all patients will receive clinically indicated ICA. We will 
retrospectively discuss every individual case in heart teams consisting of at least one 
cardiologist, one cardio-thoracic surgeon and one radiologist. We will provide them 
with fragments of information on the non-invasive imaging and ICA results. The impact 
of the provided results on clinical decision making will be assessed to investigate 
the value of all individual components. In the end we hope to construct an efficient 
diagnostic non-invasive imaging algorithm that can be used for patients selection for 
invasive treatment taking into account patient presentation and disease history. We will 
investigate if CTA and MRI have added value in the whole spectrum of patients with 
CAD or if a specific test is more valuable in a specific population.

We aim to adhere to a pragmatic design to optimize the external validity of the results. 
However, there are some essential exclusion criteria that cannot be ignored due to 
restrictions of the non-invasive imaging techniques of interest in our study (CTA and 
MRI). Because our aim is to complete both CTA and MRI examinations in a majority of 
the patients we decided to overlap the main exclusion criteria for CTA and MRI. For CTA 
the essential exclusion criteria are: significant cardiac arrhythmia, iodine allergy, eGFR 
<35 ml/min. The presence of significant cardiac arrhythmia will exponentially increase 
to possibility of CTA imaging artefacts that in turn will reduce the reliability of the CT 
examination. Therefore, patients with significant cardiac arrhythmia deemed to interfere 
with optimal scan quality (f.e. atrial fibrillation, frequent premature contractions) as 
assessed by a cardiologist based on available ECG data will be excluded. Furthermore, 
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patients with iodine allergy and severe kidney dysfunction will be excluded because of 
safety and patient comfort considerations. The essential MRI exclusion criteria are: BMI 
>40 kg/m2, claustrophobia, presence of MR incompatible devices or material and contra-
indications to the vasodilator agent. We will also exclude patients with known severe 
comorbidities with an expected life expectancy of less than one year due to our intention 
to complete 2 year follow-up.  Patients with a wide range of clinical presentations and 
(cardiac) history will be included, from first presentation CAD patients to patients with 
a medical history of MI, PCI and CABG.          

Conclusion

Non-invasive imaging techniques show great potential for the assessment of CAD. The 
REPLACE-IT study will focus on the impact of CTA and MRI on treatment decisions 
in patients at intermediate-high risk for functionally relevant CAD, compared to 
ICA. The results of this trial will provide information for the construction of a non-
invasive diagnostic algorithm with the potential to substantially reduce the burden of 
unnecessary ICA procedures. 
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