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4. GLOSSARY OF TERMS AND DEFINITIONS 
Terms 
ACS  Acute Coronary Syndrome 
AMI  Acute Myocardial Infarction 
BHF  British Heart Foundation 
CABG            Coronary Artery Bypass Grafting    
CAC  Coronary Artery Calcium (score) 
CAD  Coronary Artery Disease 
CHD  Coronary Heart Disease 
CMR  Cardiac Magnetic Resonance Imaging  
CRN  Clinical Research Nurse 
CTCA  Computed Tomography Coronary Angiography 
CTRU  Clinical Trials Research Unit 
ETT  Exercise Tolerance Test 
FFR  Fractional Flow Reserve  
GCP  Good Clinical Practice 
GP  General Practitioner 
REC  Research Ethics Committee 
MI  Myocardial Infarction 
MRI  Magnetic Resonance Imaging 
MRA  Magnetic Resonance Angiography 
NICE  National Institute of Clinical Excellence 
NHS  National Health Service 
ONS  Office of National Statistics 
PCI               Percutaneous Coronary Intervention      
PIS  Patient information Sheet 
PSC  Programme Steering Committee 
SMG  Study Management Group 
SPECT  Single Photon Emission Computed Tomography 
TIA  Transient Ischaemic Attack 
 
Definitions 
Myocardial infarction (ESC universal definition)1: 
Detection of the rise and/or fall of cardiac biomarkers (preferably troponin) with at least one value above 
the 99th percentile of the upper reference limit (URL) together with evidence of myocardial ischaemia with 
at least one of the following: 

• Symptoms of ischaemia 
• ECG changes indicative of new ischaemia (new ST-T changes or new Left bundle branch block 

(LBBB) 
• Development of pathological Q waves in the ECG 
• Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality 

Repeat Target Lesion Revascularisation: 

–
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Target lesion revascularisation is defined as any repeat percutaneous intervention of the target lesion or 
bypass surgery of the target vessel performed for restenosis or other complication of the target lesion 
treatment. The target lesion is defined as the treated segment from 5mm proximal to the stent and to 
5mm distal to the stent. 
 
Positive Exercise Test2: 
A positive test is where there was greater than or equal to 1mm of horizontal or downsloping ST-segment 
depression or elevation for at least 60 to 80 milliseconds after the end of the QRS complex as 
recommended in the AHA/ACC guidelines.  A negative test is absence of ST change with adequate exercise 
duration and HR response. An inconclusive test is where the ST segment change failed to reach at least 
1mm or the exercise time or heart rate response was deemed inadequate. 
 
Positive Family history3: 
A family history is considered to be positive when there is premature coronary artery disease present in 
first-degree relatives <55 years in men and <65 years in women. 
 
Hypertension4: 
Systolic blood pressure of at least 140 mm Hg, diastolic blood pressure of at least 90 mm Hg (at > 1 
occasion) or current medication with blood pressure lowering drugs. 
 
Smoking4: 
Current smoking 
 
Diabetes mellitus4: 
Clinical report/diagnosis of diabetes mellitus. 
 
Hyperlipidaemia5: 
Hypercholesterolemia was defined as either a serum total cholesterol concentration  5.18mmol/L or 
patient on medication for hyperlipidaemia. 
 
Angina Status (CCS classification): 

• Class I: Ordinary activity (e.g. walking, climbing stairs at own pace) does not bring on angina. 
Angina occurs only with strenuous, rapid, or prolonged exertion at work or during recreation.  

• Class II: Slight limitation of ordinary activity. 
Symptoms occur when walking or climbing stairs rapidly, walking up a hill, walking up stairs after a meal, in 
cold weather, in wind, or when under emotional stress, or only a few hours after waking, and climbing 
more than one flight of ordinary stairs at a normal pace and in normal conditions.  

Journal of the American College of Cardiology. 

European Heart 
Journal.

JAMA.
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• Class III: Marked limitation of ordinary activity. 
Symptoms occur after walking 50-100 yards on the level, or climbing more than one flight of ordinary stairs 
in normal conditions.  

• Class IV: Inability to carry on any physical activity without discomfort. 
Angina may be present at rest.  
 
Heart Failure Classification (New York Heart Association Functional Classification)6: 

• Class I: No Limitation of physical activity. Ordinary physical activity does not cause undue fatigue, 
palpitation or dyspnea 

• Class II: Slight limitation of physical activity. Comfortable at rest, but ordinary physical activity 
results in fatigue, palpitation or dyspnea. 

• Class III: Marked limitation of physical activity. Comfortable at rest, but less than ordinary activity 
causes fatigue, palpitation or dyspnea. 

• Class IV: Unable to carry out any physical activity without discomfort. Symptoms of cardiac 
insufficiency may be present, even at rest. If any physical activity is undertaken, discomfort is 
increased. 

 
Death: 
Classified into two categories, cardiovascular and non-cardiovascular. 
 
Cardiovascular  

• Fatal Myocardial Infarction 
• Heart failure 
• Acute Unexpected Death 
• Stroke 
• Pulmonary Embolism 
• Cardiovascular Procedure-Related 
• Other Cardiovascular 
• Unknown 

 
Non-Cardiovascular 

• Any other recorded cause of death 
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5. BACKGROUND 
Coronary heart disease (CHD) is a leading cause of death and disability worldwide [1]. In the UK, there are 
an estimated 1.98 million people suffering with symptoms of angina, which costs the UK economy £9.0 
billion/yr [2]. From a patient perspective CHD is associated with either premature loss of life or a significant 
reduction in quality of life. The disease tends to run in families and exemplifies inequalities in health: lower 
socio-economic classes and ethnic minorities are particularly affected. Despite the continued high disease 
prevalence in the UK, over 10 years ago the National Service Framework on CHD recognised that ‘research 
findings were incompletely and variably applied in clinical practice and that there was an urgent need to 
correct this in the prevention, diagnosis and treatment of CHD’ [3]. It is well accepted that a variety of 
investigations may be used to diagnose CHD and to determine the need for coronary revascularisation. 
Increasingly non-invasive imaging tests are replacing exercise treadmill testing (ETT) in decision making. 
This is in part due to its limited diagnostic accuracy as exemplified in the current NICE guidelines (Chest 
pain of recent onset: Assessment and investigation of recent onset chest pain or discomfort of suspected 
cardiac origin. CG95.) [4]. A quoted systematic review in CG95 identified 147 studies (24,074 patients) 
which used coronary angiography as the reference standard for the diagnostic performance of ETT to 
detect CHD, and found that there was a wide range in sensitivities (weighted mean 68% (SD16), range 23% 
to 100%) and specificities (weighted mean 77% (SD17), range 17% to 100%; overall prevalence of CHD was 
high in this systematic review at 66%) [5]. On this basis the new NICE guidelines did not recommend ETT 
for CHD diagnosis (in patients with no prior history of CHD) when taking into account the superior 
diagnostic performance of non-invasive imaging tests and a specifically performed cost effectiveness 
analysis. Non-invasive imaging tests used for the diagnosis of CHD include single-photon emission 
computed tomography (SPECT), stress echocardiography, cardiovascular magnetic resonance (CMR) 
imaging and cardiac computed tomography (CT). Each will be briefly considered here in terms of their 
diagnostic accuracy and also their limitations.  
 
1) SPECT is the most commonly used test world-wide for the assessment of myocardial ischaemia (e.g. in 
the USA 9.3 million SPECT scans were performed in 2002) [6]. Prior studies and systematic reviews of the 
diagnostic accuracy of SPECT have found a wide range of both sensitivity (63-93%) and specificity (10-90%) 
for the diagnosis of CHD compared to X-ray angiography [7-9]. The NICE technology appraisal (TA073) 
reported a weighted mean sensitivity and specificity for SPECT of 86% and 74% respectively [10]. 
Advantages include the fact that SPECT is widely available, there is a large body of evidence supporting its 
prognostic value and scanning equipment is relatively open so that claustrophobia is extremely 
uncommon. The disadvantages of SPECT compared with the other functional imaging techniques are that it 
involves a significant radiation dose and typically requires attendance on two separate days for a rest and 
stress examination (total dose 6-8mSv). Further limitations relate to breast attenuation in women and 
attenuation due to abdominal obesity.  
 
2) Stress echocardiography examines the contractile response to dobutamine (or exercise) allowing 
identification of wall motion abnormalities induced by ischaemia. Meta-analyses of systematic reviews on 
stress echocardiography for the diagnosis of CHD have shown the following pooled sensitivities and 
specificities: exercise sensitivity 82.7% (95%CI 80.2% to 85.2%) and specificity 84.0% (95%CI 80.4% to 
87.6%), dobutamine sensitivity 81.0% (95%CI 79.1% to 82.9%), and specificity 84.1% (95%CI 82.0% to 
86.1%). The combined pooled results for all the stress echocardiography studies were sensitivity 79.1% 
(95%CI 77.6% to 80.5%) and specificity 87.1% (95%CI 85.7% to 88.5%) [4, 11]. The lack of radiation 
exposure and wide availability of the equipment are major advantages. The disadvantages are that stress 
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echocardiography is difficult or impossible to use when the acoustic window is poor (e.g. obese patients, 
chronic obstructive pulmonary disease or chest deformity) and accuracy is highly observer dependent.  
 
3) CMR examines either dynamic first pass perfusion for inducible perfusion defects during adenosine 
stress, or dobutamine-stress induced wall motion abnormalities, either of which can indicate underlying 
myocardial ischaemia. Combining pharmacological stress CMR with delineation of infarct-related scar by 
late gadolinium enhancement imaging also allows clear distinction between infarcted and viable 
myocardium. A recent systematic review of the diagnostic performance of stress CMR (vasodilator and 
inotropic stress) to detect CHD identified 37 studies with a total of 1918 patients in the final analyses. 
Stress perfusion CMR had a sensitivity of 91% (95%CI 88% to 94%) and specificity of 81% (95%CI 77% to 
85%) [12]. More recently, in a meta-analysis of stress perfusion CMR the overall patient based analysis 
from 26 studies demonstrated a sensitivity of 89% (95% CI: 88-91%) and a specificity of 80% (95% CI: 78-
83%). Adenosine stress perfusion CMR had better sensitivity than with dipyridamole (90% (88-92%) vs. 86% 
(80-90%), P=0.022), and a tendency to a better specificity (81% (78-84%) vs. 77% (71-82%), P=0.065) [13]. 
The key advantages of CMR are the lack of radiation exposure and the combination of ischaemia and scar 
assessment with very high spatial resolution and tissue contrast. Disadvantages are that CMR is 
contraindicated in patients with ferromagnetic magnetic intracranial clips, metallic intraocular foreign 
bodies, and some cardiac pacemakers. CMR can also be claustrophobic (~3% refusal) although some of 
these patients subsequently have the investigation with sedation.  
 
4) Multi-slice cardiac CT coronary angiography provides a non-invasive image of the coronary artery 
lumen and vessel wall after the injection of an iodinated contrast agent. A recent multi-centre trial in 230 
‘highly selected’ patients (already referred for invasive angiography) demonstrated a sensitivity, specificity, 
and positive and negative predictive values to detect 70% angiographic stenosis of 94%, 83%, 48%, 99%, 
respectively, on a per patient basis [14]. A systematic review of the diagnostic performance of 64-slice CT 
coronary angiography compared with invasive coronary angiography identified 15 studies with a high 
overall CHD prevalence of 74% (95%CI 64% to 84%). By per-patient analysis sensitivity, specificity PPV and 
NPV were 97% (95%CI 94% to 99%) and 88% (95%CI 79% to 97%), 94% (95%CI 91% to 97%) and 95% 
(95%CI 90% to 99%), respectively [15]. The advantages of cardiac CT are that the test is fast (image 
acquisition takes a few seconds) and that it is non-invasive. The main limitations of cardiac CT are;- 
(a) It is regarded as a moderate radiation exposure technique (5-15mSv), even in expert centres [16], 
although with emerging technical developments, the radiation doses are expected to be substantially 
reduced. Currently, estimated lifetime attributable risk of cancer incidence from a single 64- slice CT 
coronary angiogram using simulation models found that cancer risk varied markedly with age and gender. 
Younger subjects and women (who are just the sort of low CHD risk subject who may be recommended for 
CT) had a considerably greater risk compared with men and older subjects. For example, a woman aged 20 
years had estimated lifetime attributable risk of 1 in 143 (0.70%) while a man aged 20 years had estimated 
lifetime attributable risk of 1 in 686 (0.15%) [17].  
(b) CT coronary angiography has poor correlation with coronary angiography in calcified vessels (as 
extensive calcification obscures the coronary lumen). 
(c) CT coronary angiography has poor correlation with coronary angiography for quantifying stenosis 
severity when >50%. 
(d) CT coronary angiography provides no routine functional assessment of myocardial ischaemia (see 
anatomical vs. functional imaging below).  
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Anatomical vs. functional imaging  
Having considered above the different non-invasive diagnostic imaging modalities it is of fundamental 
importance to appreciate the difference between anatomical (cardiac CT) and functional imaging (CMR, 
SPECT, Stress echo). Only the latter modalities can identify myocardial ischaemia. This is relevant because 
there is a high prevalence of non-obstructive and functionally unimportant CHD in the population, which 
can benefit only from life style and risk factor modification, not revascularisation. However, myocardial 
ischaemia if present affects outcome [18-21]. Hence international guidelines now recommend that all 
revascularisation decisions in patients with stable CHD should be based on functional tests, not simply 
anatomical lesion assessment [22]. In this regard invasive angiography is a poor ‘reference standard’ for 
determining coronary artery lesion significance. The FAME study elegantly demonstrated that from visual 
analysis, angiography was inaccurate in assessing the functional significance of a coronary stenosis when 
compared with fractional flow reserve (FFR), not only in the 50% to 70% category but also in the 70% to 
90% angiographic severity category [23]. To further emphasise the dichotomy between anatomical and 
functional assessment, recent studies have also demonstrated the poor correlation between cardiac CT 
determined lesion severity and the FFR determined haemodynamic significance of a coronary lesion 
(diagnostic accuracy only 49%, kappa value 0.16) [24]. Furthermore, the natural history of CHD as recently 
described in the PROSPECT trial [25] found that angiographic stenosis severity was not a multivariable 
predictor of clinical outcome and in fact, at least half of the stenoses which were causally implicated in 
future cardiovascular events were deemed ‘non-significant’ at initial angiography. Taken together, the 
PROSPECT findings call into question the prognostic value of coronary angiography. Thus to summarise, 
detection of ischaemia (not ‘lesions’) is prognostically important and revascularisation decisions should be 
based on the presence of ischaemia.  
 
Current Practice  
Whilst the NICE guidelines (CG95) have provided a structured and evidence-based approach to the 
diagnosis of patients with chest pain, they are not without problems, and have caused some concern in the 
cardiology community [26]. In essence, the guidelines recommend invasive angiography as the most cost-
effective first test if the likelihood of CHD is 61-90%, non-invasive functional testing (SPECT, stress 
echocardiography or stress CMR) if the likelihood of CHD is 30-60%, CT scanning (with 64 slices or above) if 
the likelihood of CHD is 10-29% or no further testing if the likelihood of CHD is low (<10%) [4]. One of the 
major concerns is that they have separated out diagnosis from patient management by not more broadly 
considering ischaemia assessment. In addition there are major resource implications if these guidelines are 
adopted. Paradoxically it has been shown that adopting these guidelines could lead to an increase in 
invasive coronary angiography rates of between 20-28% over current levels [26], at a time when we are 
aware that coronary angiography rates are already too high (see below). Despite widespread availability of 
non-invasive imaging, patients with suspected CHD still very often end up having invasive coronary 
angiography. Principally this is to identify those with significant coronary artery atheroma that may benefit 
prognostically and symptomatically from revascularisation, whether by percutaneous coronary 
intervention (PCI) or coronary artery bypass grafting (CABG). It is well accepted that invasive angiography is 
associated with small but important procedural risks, which occasionally can be a deterrent, leading 
patients to decline appropriate investigation. The most serious complications of invasive coronary 
angiography include death (0.1 to 0.2%), non fatal MI (0.1%) and cerebrovascular events (0.1%), with an 
overall risk of all major complications quoted at ~1.7% [27]. Much more commonly patients undergo 
invasive angiography and do not require revascularisation (prognostic benefit only being derived from 
primary prevention). For example, according to the 2008-9 Hospital Episode Statistics data for England, the 
procedural figures for stable elective CHD patients were: diagnostic coronary angiography (119,954), 
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coronary angioplasty (30,727) and heart bypass operations (18,232). These data suggest that in England 
alone approximately 71,000 (60%) stable CHD patients underwent diagnostic coronary angiography but did 
not proceed to coronary revascularisation. These patients could be considered to have unnecessarily taken 
on the risk of an invasive procedure, as there turned out to be no indication for revascularisation. These 
data are further supported by figures from the American College of Cardiology National Cardiovascular 
Data Registry. From January 2004 through April 2008, at 663 hospitals, 398,978 patients were identified 
without known CHD that underwent elective catheterisation. At angiography, only 149,739 patients 
(37.6%) had obstructive coronary artery disease leading the authors to conclude that “current strategies 
that are used to inform decisions regarding invasive angiography, including clinical assessment of risk and 
non-invasive testing, need to be improved substantially to increase the diagnostic yield of cardiac 
catheterization in routine clinical practice” [28]. 
 
These figures should rightly concern us, not only from a patient perspective but also in terms of inefficient 
resource utilisation in a financially constrained national health service (NHS). To illustrate the latter point, 
even if only half of those invasive angiograms (national tariff £1,385) in 2008-9 that did not lead to 
revascularisation could be avoided, there would be the potential to reduce NHS expenditure in England 
alone by ~£49m (real saving of ~£34m when the cost of additional non-invasive imaging is factored in (e.g. 
CMR at a tariff of ~£450).  
 
CMR imaging  
Considering CMR in more detail, it is predicted to be the fastest growing imaging modality in the next 10yrs 
and the National Horizon Scanning Centre suggested it may become the preferred option for myocardial 
perfusion imaging (2007) [29]. CMR has gained acceptance across the cardiology community and may 
become first choice for the investigation of myocardial ischaemia and viability. The evidence base for CMR 
in CHD investigation is currently at the 1.5Tesla (T) field strength. A few small single centre studies have 
shown either comparable or superior diagnostic accuracy of stress CMR compared to SPECT [30,31]. A 
recent meta-analysis of stress CMR has shown a high diagnostic accuracy compared to X-ray angiography 
(sensitivity 91%, specificity 81%) [12]. Two large scale diagnostic accuracy studies of CMR (MR IMPACT-2 
and CE-MARC) have also recently been completed. MR IMPACT-2 was a multi-centre study of 1.5T CMR vs. 
SPECT in 533 patients with suspected CHD. . The study showed superior sensitivity but inferior specificity of 
CMR compared with gated SPECT [32]. Our own British Heart Foundation funded CE-MARC trial is the 
largest study of the diagnostic accuracy of a comprehensive CMR protocol compared to X-ray angiography. 
The main secondary end point was to compare CMR to SPECT, the latter being the accepted reference 

standard myocardial perfusion imaging technique. All patients by 
protocol were required to undergo CMR, SPECT and invasive 
angiography, regardless of clinical intention. This avoided the limitation 
of many previous SPECT and CMR studies of enrolling highly selected 
patient cohorts already listed for coronary angiography. We recruited 
752 patients in 3 years from a single site. For the primary outcome 
analysis the sensitivity of CMR was 86.5% (95%CI: 81.8-90.1), specificity 
83.4% (95% CI: 79.5-86.7), positive predictive value (PPV) 77.2% (95%CI: 
72.1-81.6) and negative predictive value (NPV) 90.5% (95%CI: 87.1-
93.0). For the secondary outcome analysis the sensitivity of SPECT was 
66.5% (95%CI: 60.4-72.1), specificity 82.6% (95%CI: 78.5-86.1), PPV 
71.4% (95%CI: 65.3-76.9) and NPV 79.1% (95%CI: 74.8-82.8). The 
differences between the sensitivity and NPV of CMR and SPECT were 
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significant ( 2=31.18, 1df. P<0.001 and 2=32.62, 1df. P<0.001) but not for specificity and PPV ( 2=0.04, 
1df. P=0.916 and 2=3.52, 1df. P=0.061). From receiver operator characteristic curve analysis, we have 
shown that stress CMR (AUC: 0.89, 95%CI 0.86-0.91) significantly out-performed SPECT (AUC: 0.74, 95%CI 
0.70- 0.78) (P<0.001) [33]. Within the last year a new CMR study has been initiated (MR-INFORM), for 
which we are a recruiting centre. This is an international multi-centre trial at the 1.5T field strength, 
designed to compare a strategy of MR guided care vs. FFR guided care in patients with class II or III angina 
pectoris and high cardiovascular risk or a positive exercise treadmill test. MR-INFORM will thus address 
questions that are complementary to those that will be the focus of CE-MARC 2. Given its inclusion criteria, 
MR-INFORM will recruit a patient population with a high pre-test probability of CHD, most of whom would 
by current NICE guidance be directly referred for invasive coronary angiography. In these higher-risk 
patients, MR-INFORM will determine if non-invasive imaging by CMR can be an alternative to invasive 
testing. The sample size of 918 patients in MR-INFORM may not be sufficient to determine a difference in 
the ‘hard’ combined primary endpoint of death, MI and repeat revascularisation, but will gather important 
prognostic data for CMR in high-risk patients. CE-MARC 2 will recruit a broad spectrum of patients, 
representative of real-world practice, who would currently be referred for invasive or non-invasive imaging 
as a first-line investigation. CE-MARC 2 will thus test the NICE guideline strategy in its entirety. As is 
desirable for this patient group, CE-MARC 2 will have a primary endpoint of avoiding unnecessary invasive 
testing, for which it is appropriately powered to test this outcome and in addition will provide prognostic 
data for the low and intermediate risk groups complementary to MR-INFORM. Recently, CMR imaging at 
the higher field strength of 3Tesla has been shown to offer significant benefits in terms of increased signal-
to-noise ratios (SNR), which allows improvements in spatial and/or temporal resolution. This is particularly 
relevant for cardiac imaging and may translate into improved diagnostic accuracy. We and others, in small 
single centre studies, have demonstrated the potential superiority of 3T vs. 1.5T CMR for the assessment of 
myocardial ischaemia [34,35]. Furthermore, previous shortcomings seen at 3T such as susceptibility and 
radio frequency (RF) artefacts have been largely addressed and are no longer a significant obstacle. 
Importantly, 3T MR systems are becoming widely available in the NHS as they have a well established 
clinical role for neurological and musculoskeletal imaging (although not yet cardiovascular imaging). 
Indeed, many believe now that ultimately 3T MR will replace 1.5T MR as the clinical standard, at least for 
ischaemia studies. This however needs to be evidenced, both in terms of a robust clinical evaluation of 3T 
CMR and also a health economic analysis.  
 
Purpose of CE-MARC 2  
Based on the above evidence, we believe that the cardiology community requires an appropriately 
powered, randomised controlled trial of non-invasive ischaemia assessment (functional imaging) to 
determine diagnosis and patient management. We know that invasive angiography rates are already too 
high, and that they will increase further if the NICE guidelines (CG95) are followed. We know that from a 
previous small single centre trial (CECaT), that using functional testing (CMR, SPECT, stress echo) invasive 
angiography could be avoided in 20-25% of patients [36]. We also know that patients rightly want to avoid 
unnecessary angiography if at all possible, but to date no clinical trial has tested the safety of this type of 
strategy in terms of clinical outcome. Thus we propose the CE-MARC 2 trial, which would be a major 
advance from the simple and usually small diagnostic accuracy studies that are all too prevalent in the 
imaging literature. Having benchmarked the diagnostic performance of CMR and shown superiority against 
SPECT in the CE-MARC study [33], we now propose to evaluate 3T CMR prospectively in a three-arm trial to 
assess whether a CMR-guided management strategy is superior to current best clinical practice (based 
upon either the principles of NICE CG95 or AHA SPECT appropriateness criteria. This type of study would 
not previously have been acceptable to clinicians without the findings from CE-MARC defining its 
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diagnostic performance. It is of note that the widely used modality of SPECT has never been prospectively 
tested as we propose here for CMR.  
 
6. AIMS AND OBJECTIVES 
For the NHS, the objective of CE-MARC 2 is to provide robust evidence of:  
a) Potential improvement in patient care/HRQoL/outcomes 
b) A strategy by which to reduce unnecessary invasive angiography (by a true replacement test rather than 
an additional test in the diagnostic pathway),  
c) Cost effectiveness of CMR in order to inform future NHS capital investment (as general MR systems are 
replaced this study will help inform key capital purchase decisions on whether a 3T system is justified for 
cardiovascular work). 
 

3T CMR-guided management of patients with suspected CHD is superior to current clinical practice (based 
on either the principles of NICE CG95 or AHA appropriateness criteria for SPECT), in terms of avoiding 
unnecessary coronary angiography. Unnecessary angiography will include 1) any angiogram performed on 
the basis of a positive non-invasive test that then showed no flow-limiting stenoses (defined by an 
FFR>0.80) in an epicardial vessel 2.5mm in diameter; 2) any angiogram with normal FFR (>0.8) in those 
patients with high pre-test risk of CHD that have proceed directly to angiography; 3) Any angiogram 
performed due to failure of the strategy to produce a diagnosis (see section 15.1 Endpoint Definitions). 
Invasive FFR is now unequivocally considered the reference standard for determining ischaemia and 
guiding patient management (Level 1A recommendation, ESC Guidelines [37]). 
 
CE-MARC 2 will test this hypothesis via the following primary and secondary objectives: 
Primary Objectives:  

1) To determine if 3T CMR-guided care is superior to NICE guidelines-based management (CG95) in 
terms of reducing the rates of ‘unnecessary invasive angiography’ (defined by FFR >0.8) occurring 
within 12 months, in patients with a pre-test likelihood of CHD of 10-90%.  

2) To determine if 3T CMR-guided care is superior to SPECT-guided management (AHA 
appropriateness criteria for SPECT) in terms of reducing the rates of ‘unnecessary invasive 
angiography’ (defined by FFR >0.8) occurring within 12 months, in patients with a pre-test 
likelihood of CHD of 10-90%). 

 
Secondary Objectives:  
1) To determine if in high pre-test likelihood patients (61-90%), non-invasive imaging (CMR or SPECT) is 
superior to NICE guidelines-based management (i.e. direct to angiography), in terms of reducing the 
occurrence of ‘unnecessary invasive angiography’ (defined by FFR >0.8) within 12 months. 
 
2) To determine safety in terms of CV event rates (MACE defined as cardiovascular death, myocardial 
infarction, unscheduled revascularisation, hospital admission for cardiovascular cause) at 3 years between 
the 3T CMR-guided care group and those receiving NICE guidelines-based management. 
 
3) To determine safety in terms of CV event rates (MACE defined as cardiovascular death, myocardial 
infarction, unscheduled revascularisation, hospital admission for cardiovascular cause) at 3 years between 
the 3T CMR-guided care group and those receiving SPECT-guided management (according to AHA 
appropriateness criteria). 



                 

CE-MARC 2
Page 17 of 191

 
4) To evaluate the cost-effectiveness of a 3T CMR-guided care strategy compared to NICE guidelines-based 
management and to SPECT-guided management (AHA). 
 
 

7. DESIGN 
UK multi-centre, 3-arm parallel group, randomised controlled trial. A total of 1200 patients with suspected 
CHD will be randomised to receive either 3T CMR-guided care, SPECT-guided care or NICE guidelines-based 
management (CG95). Randomisation will be achieved using minimisation including a random element that 
will allocate patients on a 2:2:1 basis to CMR:SPECT:NICE-based management. The trial will not be blinded, 
as it will not be impossible to blind patients to their own management. The primary endpoint is 
unnecessary invasive coronary angiography occurring within 12 months. 
 
8. ELIGIBILITY  
Patients will be required to satisfy the following criteria. Eligibility waivers to the inclusion / exclusion 
criteria are NOT permitted. 
 
Inclusion Criteria 

Age 30yrs 
Suspected stable angina (CHD) that requires further investigation 
A defined risk of 10-90% (according to NICE guidelines CG95; 2010) 
Suitable for revascularisation if required 
Given written informed consent to participate in the trial 

 
Exclusion Criteria 

Non-anginal chest pain 
Clinically unstable  
Non sinus rhythm (e.g. atrial fibrillation) 
Previous MI or biomarker positive ACS 

   Previous revascularisation with coronary artery bypass surgery or PCI  
Contraindication to CMR imaging (pacemaker, intra-orbital debris, intra-auricular implants, 
intracranial clips, severe claustrophobia) 
Contraindication to adenosine infusion (regular adenosine antagonist medication, significant 
reversible airways  disease, second or third degree atrio-ventricular heart block, sino-atrial disease) 

   Known adverse reaction to Adenosine or Gadolinium/iodinated contrast agents 
   Obesity (where body girth exceeds scanner diameter) 
   Pregnancy and breast feeding 
   Known chronic renal failure (eGFR <30mL/min/1.73m2) 
   Inability to give informed consent 
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9. RECRUITMENT PROCESS 
All patients referred to cardiology outpatient clinics in participating hospitals for the assessment of chest 
pain and suspected CHD will be considered as potentially eligible for this study. With permission from 
consultant colleagues, eligible patients will be identified from clinic referral letters and will be sent a 
patient information leaflet (PIS; Appendix 1) with their out-patient appointment letter prior to their clinic 
visit. 
 
At their out-patient appointment patients will be given a full verbal explanation of the study by a member 
of the attending clinical team, the CE-MARC 2 Clinical Research Nurse (CRN) or a member of the CEMARC 2 
clinical research team, for consideration. They will be given the opportunity to discuss the study and they 
will be asked whether they would be willing to take part in the CEMARC 2 Study. Patients who have not 
received the PIS prior to their clinic visit will be given the PIS to take home, and will be given at least 24 
hours (or longer if desired) to consider participating in the study. 
 
Some patients with suspected angina do not attend rapid access chest pain clinics, but rather they present 
directly to hospital and are admitted to cardiology wards. If these patients are stable and biomarker 
negative, they are usually discharged home within 24 hours, for further investigation as an outpatient. 
Patients who are admitted to cardiology wards in participating hospitals with suspected cardiac chest pain 
will be considered potentially eligible for this study. With permission from consultant colleagues, eligible 
patients will be identified from admission notes. The only patients who will be approached are those in 
whom an acute coronary syndrome has been excluded, and in whom the clinical plan is to discharge from 
hospital for further cardiac investigations as an outpatient. They will be given a full verbal explanation of 
the study and a study information leaflet. They will be given the opportunity to discuss the study and they 
will be asked whether they would be willing to take part in the CEMARC 2 Study.  
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9.1 RECRUITMENT SETTING 
This study will take place in tertiary care cardiology departments in collaboration with academic CMR 
research groups. Research centres will be required to have obtained local ethical and management 
approvals and undertake a site initiation meeting with the CTRU prior to the start of recruitment into the 
trial. All members of the CEMARC 2 research teams in participating centres will hold substantive or 
honorary contracts with their NHS hospital trust. 
 
9.2 SCREENING 
Participating research sites will be required to complete a log of all patients screened for eligibility. 
Anonymised information will be collected including: 

• age 
• gender 
• ethnicity  
• whether the patient is recruited or not recruited to the study 

 
Screened patients who are not recruited either because they are ineligible or because they decline 
participation will also have the following information recorded: 

• the reason not eligible for study participation OR 
• Where eligible, reason declined 

 
However, the right of the patient to refuse consent without giving reasons will be respected. This 
anonymised information will be returned to the Clinical Trials Research Unit (CTRU). 
 
9.3 INFORMED CONSENT AND ELIGIBILITY 
Prior to discussing the trial with potential participants, a brief medical history should be established by a 
member of the CEMARC 2 research team to check if there are any contraindications to any investigation 
they might undergo during the study or if any of the exclusion criteria apply. During discussion with 
potential participants a further check should be made to establish that all the inclusion criteria are met and 
none of the exclusion criteria apply.  
Assenting patients will be formally assessed for eligibility and invited to provide informed, written consent 
(Appendix 1). The assessment of eligibility and the informed consent process will be undertaken by the CRN 
or by a member of the CEMARC 2 research team who is qualified by training and / or experience in taking 
informed consent to good clinical practice (GCP) standards.  Informed, written consent for entry into the 
study must be obtained prior to randomization.  A copy of the consent form will be given to the patient, one 
will be filed in the patient’s clinical notes, and another will be returned to the CTRU. The original consent 
form will be filed in the study site file at the hospital. 
 
The patient will be free to withdraw from the study at any time without giving reasons and without 
prejudicing any further treatment/care. A copy of the consent form will be given to the patient and 
another will be returned to the CTRU. The original consent form will be filed in the study site file at the 
hospital. 
 
9.4 RANDOMISATION 
Randomisation to one of the three study arms will be performed centrally using the CTRU automated 24-
hour telephone randomisation system. Authorisation codes, provided by the CTRU, will be required to access 
the randomisation system. These activities will be performed by a member of the CEMARC 2 research team. 
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Patients who fulfil the eligibility and have given written informed consent will be randomised to one of the 
three study arms and will be allocated a study number. Pre-test likelihood will be determined by the treating 
clinician as per the NICE guidelines CG 95 (2010) (see appendix 1). 
 
Randomisations will be achieved using minimisation incorporating a random element, via a computer-
generated program, that will allocate patients in a 2:2:1 ratio between CMR:SPECT:NICE after taking account 
of the following factors, details of which will be required for randomisation: 

Randomising site 
Age (30-64, 65) 
Pre-test risk (10-29%, 30-60%, 61-90%) 
Gender 

 
 

10. TREATMENT PATHWAYS/INVESTIGATION DETAILS 
10.1 TREATMENT PATHWAYS/INVESTIGATION DETAILS 
All protocols for CMR, SPECT, cardiac CT, and FFR measurement will be standardised across recruitment 
sites. All non-invasive imaging tests results will be reported as per clinical routine, on-site, and according to 
international guidelines [39-42], and on the basis of these results, if non-invasive testing is positive for 
CAD, patients will by protocol proceed to invasive angiography. Where this does not happen, this will be 
considered a protocol violation and the reasons recorded.    
 
CMR protocol: CMR will be performed on a clinical 3T scanner using a standard cardiac imaging receiver 
coil configuration. This will comprise: 

LV function (Cine) imaging in 4ch, VLA and SA (a stack of multiphase ventricular short axis cines 
using a fast gradient echo sequence to assess wall motion of the entire LV (10-12 slices; 30 phases; 
8/0mm). 
Adenosine stress (140–210 mcg/kg/min for up to 5 min) and rest perfusion imaging. Blood pressure 
will be recorded every two minutes and the ECG rhythm monitored. First-pass contrast-enhanced 
study using a dual-bolus intravenous injection of non-ionic gadolinium based contrast agent (e.g. 
0.01/0.1mmol/kg at 4ml/s; Gadovist; maximum cumulative dose 0.2mmol/kg). A 2D, T1-weighted 
saturation-recovery-prepared gradient echo sequence image will be used to assess myocardial 
perfusion in 3-4 short axis slices, using either parallel imaging acceleration (SENSE or GRAPPA), or 
spatio-temporal undersampling (5x kt BLAST) in order to maximise in-plane spatial resolution 
(ideally at least 1.6x1.6mm); the exact approach will be vendor specific. Adenosine will be used at 
140mcg/kg/min initially; if after 2min there are no symptoms and the heart rate increase is <10%, 
then the dose can be increased up to 210mcg/kg/min for a further 2-3 min prior to imaging.  
Late gadolinium enhancement. This will be an adaptation of the validated CE-MARC protocol [43] 
for 3T CMR use, planned in the same geometry as the cine (LV) images.   
Coronary artery MRA (3D whole heart, free breathing, coronary MR angiography; following s/l GTN 
spray and abdominal belt application) will be an optional component at each trial centre but will 
not be included in the main trial analysis, as this component when evaluated in CE-MARC did not 
aid diagnostic discrimination [33], and is not part of normal clinical routine. 

 
CMR analysis will be both visual and quantitative. Local on-site reporting will include: any regional wall 
motion abnormality (by visual analysis using the 17-segment AHA model); each segment scored as 0 
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(normal), 1 (mild hypokinesia), 2 (severe hypokinesia), 3 (akinesia), or 4 (dyskinesia). Hypoperfusion 
(ischaemia) will be assessed by visual comparison of stress and rest CMR perfusion scans (16 segments of 
the 17 segment AHA/ACC model, excluding the apical cap segment) with scores of 0 (normal), 1 
(equivocal), 2 (non-transmural ischaemia <50%), 3 (non-transmural ischaemia 50%), 4 (transmural 
ischaemia). Any infarct (scar) will be reported based on the late gadolinium-enhancement images (17 
segment model) with scores of 0 (none), 1 (1–25%), 2 (26–50%), 3 (51–75%), or 4 (>75%) for each segment. 
 
The CMR report will include details on LV function, ischaemia and scar (MI) tissue. A positive result ( 2 
adjacent segments (or 60 degree arc-equivalent if the defect crosses segmental boundaries) with 50% 
transmural extent of ischaemia, scar, or ischaemia-scar combination) will by protocol necessitate invasive 
angiography and FFR. There may be instances whereby the responsible cardiologist (providing usual care) 
may over-rule this decision, in which case this will be recorded as a protocol violation. Handling of this 
situation will be defined in the statistical plan and will be based on both intention-to-treat principles and 
per-protocol analyses.   
 
SPECT protocol: Radionuclide imaging will be performed as per the Nuclear Cardiology Department 
guidelines. The radioisotope tracers 99mTc tetrofosmin or sestamibi (MYOVIEW™; CARDIOLITE™) will be 
used for stress and rest imaging (standard dose of 400MBq for each examination; adjusted by weight up to 
a maximum of 1000MBq per examination). Stress and rest studies will ideally be carried out within 5 days 
of each other; if the stress study is unequivocally normal there is the option not to perform the rest study 
as per normal departmental practice. Again, depending on departmental practice, stress imaging will be 
performed either, a) using treadmill exercise as default, with adenosine stress for those who cannot 
exercise or with LBBB; b) using intravenous adenosine for up to 6 minutes (tracer injected 3 min before 
termination of adenosine); where possible this could be combined with sub-maximal exercise. Adenosine 
will be used at 140mcg/kg/min initially; if after 2min there are no symptoms and the heart rate increase is 
<10%, then the dose can be increased up to 210mcg/kg/min. Stress and rest images will be gated (16-
frame gating for all acquisitions) to the ECG and attenuation correction will be used where routinely 
available.

Evidence of inducible or fixed hypoperfusion will be recorded by visual comparison of stress and rest SPECT 
perfusion scans (17-segment AHA/ACC model; a score of 0 [normal], 1 [mildly reduced], 2 [moderately 
reduced], 3 [severely reduced], or 4 [absent] will be assigned to each segment). According to usual clinical 
practice, the diagnosis will be made on the basis of all available SPECT data—i.e. rest and stress perfusion, 
wall motion, and ventricular volumes. A positive SPECT result will be recorded when the Summed Stress 
Score is 4 (e.g. 2 out of 17 segments with moderate (score 2) reduction) and will by protocol necessitate 
invasive angiography and FFR (unless this is believed to represent attenuation artefact). There may be 
instances whereby the responsible cardiologist (providing usual care) may over-rule this decision, in which 
case this will be recorded as a protocol violation.  
 
Cardiac CT protocol: For people with chest pain and who have an estimated pre-test likelihood of CAD of 
10–29% (see CG95) offer CT calcium scoring. If the calcium score is:  
•zero, consider other causes of chest pain;   
•1–400, offer 64-slice (or above) CT coronary angiography  
•Greater than 400, offer invasive coronary angiography 
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CTCA will be performed on a minimum 64-slice multi-detected CT (MDCT). A coronary calcium scan will be 
performed using prospective gating according to the standard departmental practice. A minimum scan 
length (z-axis distance) will be used (tracheal bifurcation to the inferior aspect of the heart). A diastolic or 
systolic phase acquisition can be used depending on the patient’s heart rate with a widened data 
acquisition window if required, according to the local departmental protocol. 
 
To enable low radiation dose and high image quality CTCA, participants require a heart rate <65bpm 
(ideally <60bpm). Intravenous beta-blockers will be administered (e.g. 5 to 60mg of intravenous 
metoprolol in 2.5mg aliquots, or equivalent dependant on standard departmental protocols) to achieve 
target heart rate; some centres may use oral beta-blockers to achieve heart rate control, which is 
acceptable if this is standard departmental practice. Short acting sublingual nitrates will be used prior to 
the scan in the absence of a contraindication.  
 
CTCA will be performed with a prospective gating technique, where possible, using the minimum scan 
range planned from the coronary calcium scan. Typical scan parameters: 0.625mm collimation, pitch 0.2-
0.4, 100-120kVp and 400-830mAs (adjusted according to BMI). If retrospective gating is required, because 
of poor heart rate control, ECG dose modulation will be used to minimize radiation dose. For CTCA, 60–
120ml of iodinated contrast agent will be administered at a flow rate of 4.5-6.5 ml/s followed by a bolus of 
normal saline (e.g. 50ml, 5ml/s) during an acquisition with inspiratory breath-hold (10-15 seconds). Either a 
test bolus or a bolus tracking technique may be used. The acquisition window will be centred at end-
diastole or end-systole in some cases at the discretion of the attending radiologist/cardiologist. In those 
with variable heart rates time interval padding centred around 60% of the R-R interval may be used to 
allow reconstruction of both the systolic and diastolic phase datasets.  The exact scan parameters and 
radiation reduction algorithms used will be dependent on the hardware vendor. 
 
As per CMR and SPECT, a positive result (CAC>400; any CTCA lesion 50% in an epicardial coronary artery 

2.5mm diameter) will by protocol necessitate invasive angiography and FFR. There may be instances 
whereby the responsible cardiologist (providing usual care) may over-rule this decision, in which case this 
will be recorded as a protocol violation.  
 
Angiography and FFR protocol: Angiography will be performed using a standard technique (radial or 
femoral approach) by the consultant cardiologist (or designated member of the clinical team) responsible 
for the individual patients’ care. A digital copy of the images will be made for off-line quantitative coronary 
angiography (QCA) analysis by a single blinded observer. FFR (Radi pressure wire) will be performed in all 
vessels 2.5mm with stenosis 40% and 90%, following intra-coronary nitrates, using i.v. adenosine at 
140-210mcg/kg/min to achieve maximal hyperaemia and haemodynamic steady state, such that pull back 
assessment of diffuse disease or serial stenoses can be made. Adenosine will be used at 140mcg/kg/min 
initially; if after 3min there are no symptoms and the heart rate increase is <10%, then the dose can be 
increased to 210mcg/kg/min for a further 2 min. All measurements will be made using the 'CFR screen' on 
the RadiAnalyzer Xpress Instrument (St Jude Medical). CFR, IMR and FFR will be measured simultaneously. 
CFR and IMR are measured with injection of 3 ml bolus injection of saline at rest and during adenosine-
induced hyperaemia. In patients undergoing PCI, these measurements will be repeated at the end of PCI 
(and include wedge pressure during PCI). Because FFR cannot be measured in a totally occluded artery a 
default FFR value of 0.50 will be recorded in such cases; for lesions >90% FFR will also be considered 
positive (0.70) and for lesions <40% FFR will be considered normal (0.90)[23]. In the clinical scenario 
whereby the operator does not or cannot perform FFR in a particular vessel (e.g. the risk of dissection is 
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felt to be too great, or undue tortuosity), then the QCA measurements will be taken as the ‘clinically 
relevant’ endpoint measurement.  
 
Crossover between trial arms: this situation is unlikely to arise clinically, as current NICE guidelines and 
indeed clinical practice, do not support the practice of performing multiple non-invasive functional imaging 
tests. Typically, in the case of diagnostic doubt from a non-invasive test, usual practice is to proceed to 
confirm coronary artery anatomy by invasive angiography. If there is a cross over between investigation 
arms, then individual patients’ study results will be analysed by intention-to-treat principles.  
 
10.2 WITHDRAWAL OF TREATMENT 
The patient will be free to withdraw from the study at any time without giving reasons and without 
prejudicing any further treatment/care.  
 
In line with usual clinical care, cessation or alteration of regimens at any time will be at the discretion of 
attending clinical teams or the patients themselves. Where patients wish to withdraw from the study, 
clarification of the extent of withdrawal will be sought and documented in the CRF, that is whether 
patients are withdrawing from the randomised tests and/or follow up. 
 
Patients who withdraw from the study will continue to receive usual care in the cardiology clinic. 
 
 
11. ASSESSMENTS/SAMPLES/DATA COLLECTION 
Participating sites will be expected to maintain a file of essential trial documentation 
(Investigator Site File), which will be provided by the CTRU, and to keep copies of all completed Case 
Report Forms (CRFs) for the trial. 
 
SUBMISSION OF TRIAL DATA 
Case Report Forms 
Trial data will be recorded by trial site research staff on trial-specific paper CRFs and submitted by post to 
the CTRU at the University of Leeds. Only the participant’s trial number plus date of birth and initials will be 
added to CRFs in order to identify the participant. Trial sites are responsible for obliterating all other 
personal identifiable data prior to sending CRFs and any other reports to the CTRU. Following receipt, the 
CTRU will contact trial sites to resolve any missing or discrepant data queries. 
 

RANDOMISATION AND BASELINE DATA 
Patients who meet the inclusion criteria and provide informed written consent will be randomised to the 
trial. The CEMARC2 CRN or member of the CEMARC2 clinical research team will provide details at 
randomisation including: 

Patient gender 
Date of birth 
Pre-test likelihood of CHD 
Confirmation and date of written consent 
Confirmation of eligibility 
Centre 
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Treating clinician 
 
The CEMARC2 CRN or member of the CEMARC2 clinical research team will also record additional baseline 
information including: 
 
Contact details  

NHS ID 
Hospital ID 
Patient name, address and telephone number(s) 
Patient email address if available 

GP name, address, fax and telephone number 
 
Baseline characteristics 

Date of clinic visit 
Ethnicity 
Nature/quality of chest pain symptoms (typical, atypical) 
Angina Status (CCS classification) 
Pre-test likelihood of CHD 
Blood pressure 
Heart rate 
12-lead ECG 
Past medical history including: diabetes mellitus (Type-1 or Type-2) hypertension, hyperlipidaemia, 
family history, cerebrovascular disease, peripheral vascular disease. 
Smoking history  
Height, weight and waist circumference 
Bra size (for female patients) 
Routine haematology including: Hb, WBC and Platelets 
Routine bloods: HbA1C, glucose & biochemistry including: total cholesterol (LDL, HDL, triglycerides), 
potassium, sodium, urea and creatinine, eGFR. 
All cardiovascular drug treatment prior to clinic attendance  
All cardiovascular drug treatment after clinic attendance. 
Exercise Treadmill Test (if performed): positive, negative or equivocal. 

 
QOL Questionnaires. The following patient-completed questionnaires will be administered and completed 
in clinic: 

Seattle Angina Questionnaire (SAQ) UK version 
Medical Outcomes Survey Short Form 12 (SF12v2) 
EuroQol 5-dimensions (EQ-5D) 

 
Diagnostic tests 

CMR: An experienced and trained CMR consultant cardiologist/radiologist will record the following 
details from the CMR: 

Date of investigation (If investigation not carried out, reason). 
Scan parameters and timing of protocol stages. 
Haemodynamic and symptomatic response to adenosine.  
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Comparison of rest/ stress perfusion scan based on the standard 17-segment AHA/ACC model. 
End systolic/diastolic volumes/ejection fraction. Wall motion scores (17-segment model). 
Evidence of scar tissue (17 segment model) 
Complications 
Diagnosis including other findings (cardiac and non-cardiac) 
Recommendation for angiography or medical management) 

 
SPECT: An experienced and trained consultant Cardiologist/Radiologist will record the following 

details from the SPECT: 
Date of investigation (If investigation not carried out, reason) 
Haemodynamic and symptomatic response to adenosine. Comparison of rest/ stress perfusion 
scan based on the standard 17-segment AHA/ACC model. Ventricular volumes, ejection fraction 
and wall motion scores (17 segment model). 
Complications, protocol violations and/or artefacts 
Diagnosis 
Recommendation for angiography or medical management) 

 
CT Coronary Angiography: An experienced and trained consultant Radiologist/Cardiologist will 
record the following details from the CT Coronary Angiography: 
• Date of investigation (If investigation not carried out, reason) 
• Diagnostic image quality  
• CAC score (overall and artery specific) 
• All coronary artery stenoses in all major epicardial coronary arteries ( 2.5mm). 
• kV, mA, DLP and effective dose 
• Body Mass Index 

Complications, protocol violations and/or artefacts 
Diagnosis including other findings (cardiac and non-cardiac) 
Recommendation for angiography or medical management) 

 
X-ray Angiography: An experienced and trained consultant interventional Cardiologist will record 

the following details from the x-ray angiogram/FFR procedure: 
Date of investigation (If investigation not carried out, reason) 
Indication for angiography 
Off-line analysis for location and percentage of stenosis in each of the main coronary arteries. 
Coronary artery dominance. 
Fractional Flow Reserve will be performed in each vessel 2.5mm in diameter with a visual 
stenosis severity of 40% and 90%; Stenoses >90% will be considered to have an FFR value of 
0.5; stenoses <40% will be considered normal (FFR 0.95).  
Ventricular function/regional wall motion abnormalities.  
Complications, protocol violations.  
Diagnosis 
Revascularisation (PCI, CABG: including revascularised vessels(s) 

 
Follow-up 
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Annual follow-up for cardiovascular events over 3 years will be undertaken by the CEMARC2 CRN who will 
record the following: 

Death (including cause) 
Major cardiovascular events (see below) 
Withdrawal (including reason) 

 
Annual follow–up will be carried out by collecting data from hospital and GP records, Hospital Episode 
Statistics (HES) and, in case of death, the Medical Research Information Service (MRIS). If required a follow-
up telephone call to the patient may be made. Follow up will include procedural safeguards to establish 
survival prior to any follow-up telephone call.  
 
Information to be obtained includes: 

Medical history since randomisation including: Acute Coronary Syndrome, acute or planned 
revascularisation procedure (PCI with or without stenting, CABG), any admission for CV cause including 
heart failure, cardiac arrhythmia, suspected cardiac event, acute CHD hospitalisation, stroke/TIA 
(cerebrovascular). This data will be verified by the CEMARC CRN from hospital records or from GP 
records. 
Details of any recent CV investigations 
Patients will also be asked to complete the SAQ-UK, SF12v2 and EQ-5D at home at 6, 12, 24 and 36 
months. 

 
 
LONG TERM SURVIVAL MONITORING 
The CTRU will seek, for all randomised patients, the certified causes of death from the ONS through the 
Medical Research Information Service (MRIS). Notification of deaths is independent of the patients’ clinical 
follow-up (if they remain resident in the United Kingdom). ONS flagging ensures recording of unbiased cause-
specific mortality both during the study and after, for an indefinite period.     
 
11.1 DEFINITION OF END OF TRIAL 
The end of the trial is defined as the date of the last participant’s last data item.  
 
 
 
12. SERIOUS ADVERSE EVENTS PROCEDURES 
 
12.1. GENERAL DEFINITIONS 
An adverse event (AE) is any untoward medical occurrence in a patient or clinical trial subject which does 
not necessarily have a causal relationship with this treatment and can include; 

any unintentional, unfavourable clinical sign or symptom 
any new illness or disease or the deterioration of existing disease or illness 
any clinically relevant deterioration in any laboratory assessments or clinical tests. 

 
In addition the following criteria may be used in order to collect protocol-defined reportable adverse 
events which do not meet the criteria for serious (below): 

requires medical or surgical intervention to prevent permanent impairment of function or permanent 
damage to body structure. 
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A Serious Adverse Event (SAE) is defined in general as “any untoward medical occurrence or effect that: 

results in death, 
is life-threatening*, 
requires inpatient hospitalisation or prolongation of existing hospitalisation, 
results in persistent or significant disability or incapacity, 
consists of a congenital anomaly or birth defect, 
may jeopardise the patient and may require medical or surgical intervention to prevent one of the 
outcomes listed above. 

 
*the term life-threatening refers to an event in which the patient was at risk of death at the time of the 
event; it does not refer to an event which hypothetically might have caused death if it was more severe. 
 
A SAE occurring to a research participant, where in the opinion of the Chief Investigator the event is 
Related and Unexpected will be reported to the main Research Ethics Committee (REC). The National 
Research Ethics Service (NRES) defines Related and Unexpected SAEs (RUSAEs) as follows: 

Related: that is, it resulted from administration of any research procedures; and 
Unexpected: that is, the type of event is not listed in the protocol as an expected occurrence. 

 
12.2. OPERATIONAL DEFINITION & REPORTING PERIOD FOR AEs/SAEs  
12.2.1 Expected AE/SAEs – Not Reportable 
Due to the nature of CHD and its treatment, patients are likely to experience several adverse events 
throughout the course of the disease.  The patient population may also have co-morbid disease and as 
such in this patient population, acute illness resulting in hospitalisation, new medical problems and 
deterioration of existing medical problems are expected.  
 
In recognition of this, events fulfilling the definition of an adverse event or serious adverse events will not 
be reported in this study unless they are classified as ‘expected’ (section 12.2.2) or ‘unexpected’ and 
‘related’ (section 12.2.3). 
 
12.2.2 Expected AEs/SAEs – Reported within standard CRFs 
The following SAEs are expected within the study population and will be reported by the clinical research 
team using standardised test and follow-up CRFs including: 
 

Angiography complications that extend hospital stay 
Complications related to any other study test that requires a specific treatment or hospital admission 
Acute Coronary Syndrome 
Acute or planned revascularisation procedure (PCI with or without stenting, CABG)
Any admission for CV cause including heart failure, cardiac arrhythmia, suspected cardiac event, 
acute CHD hospitalisation, stroke/TIA (cerebrovascular)
Death

These events are expected within the study population and will not be subject to expedited reporting to the 
main REC. They will however, be included in the annual safety report provided to the main REC. 
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12.2.3 Related & Unexpected SAEs – Expedited Reporting 
All Related & Unexpected SAEs occurring within 30 days of an investigation (angiography, CMR, SPECT, 
CCT) must be recorded on the Related & Unexpected Serious Adverse Event Form and faxed to the CTRU 
within 24 hours of the investigator becoming aware of the event. The original form should also be posted 
to the CTRU in real time and a copy retained on site. 
 
For each study Related & Unexpected SAE the following information will be collected: 

full details in medical terms with a diagnosis, if possible 
its duration (start and end dates if applicable) 
action taken 
outcome 
causality (i.e. relatedness to investigation), in the opinion of the investigator 
whether the event would be considered expected or unexpected 

 
Any follow-up information should be faxed to the CTRU as soon as it is available. Events will be followed up 
until the event has resolved or a final outcome has been reached. All Related & Unexpected SAEs will be 
reviewed by the Chief Investigator and subject to expedited reporting to the Sponsor and the main REC by 
the CTRU on behalf of the Chief Investigator within 15 days. 
 
12.3. RESPONSIBILITIES 
Principal Investigator/Authorised Individual 
1) Checking for SAEs when patients attend for treatment/follow-up 
2) Judgement in assessing: 

Seriousness 
Causality 
Expectedness 

3) To ensure all Related & Unexpected SAEs are recorded and reported to the CTRU within 24 hours of 
becoming aware and to provide further follow-up information as soon as available 
4) To report Related & Unexpected SAEs to local committees in line with local arrangements. 
 
Chief Investigator or delegate 
1) Assign relatedness and expected nature of SAEs where it has not been possible to obtain local 
assessment 
2) Undertake SAE review 
3) Review all events assessed as Related & Unexpected in the opinion of the local investigator, within the 
required timelines. In the event of disagreement between the local assessment and the Chief Investigator, 
local assessment may be upgraded or downgraded by the Chief Investigator prior to reporting to the main 
REC. 
 
CTRU 
1) Expedited reporting of Related & Unexpected SAEs to the main REC and Sponsor within required 
timelines 
2) Preparing annual safety reports to the main REC and periodic safety reports to the Project Team. 
3) Notifying Investigators of Related & Unexpected SAEs which compromise patient safety. 
 
TSC:  
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In accordance with the Trial Terms of Reference for the TSC, periodically reviewing safety data and liaising 
with the DMEC regarding safety issues 
 
DMEC:  
In accordance with the Trial Terms of Reference for the DMEC, periodically reviewing unblinded overall data 
to determine patterns and trends of events, or to identify safety or trial conduct issues, which would not be 
apparent on an individual case basis.  
 
 
13. PARTICIPANT QUESTIONNAIRES 
Health-related quality-of-life (HRQoL) will be measured at baseline (in clinic), 6 months, 12 months, 2yrs 
and 3yrs (by post), using the following validated questionnaires: 
 

Seattle Angina Questionnaire (SAQ) – UK version [44] 
SF12v2 [45] 
EuroQol (EQ-5D) 

 
 
14. ECONOMIC EVALUATION 
This evaluation will assess the cost-effectiveness of the 3T-CMR-guided care strategy compared to a NICE 
guideline (CG95) strategy and to a SPECT-guided strategy (AHA appropriateness criteria). 
 
Utilisation and resource use 
Data will also be collected on a range of resource use items including diagnostic and therapeutic 
interventions and hospitalisations, with prospective recording of all cardiovascular procedures, hospital 
treatment costs, length of stay and medication.  
 
Unit costs 
Unit costs will be applied to relevant resource use collected, as discussed above, to generate a total cost 
per patient (post-randomisation).  These data will be taken from routine NHS sources including NHS 
Reference Costs. 
 
Measurement of effectiveness 
For the trial based economic evaluation, the measure of effect will be health-related quality-of-life (HRQoL) 
as measured by the EuroQol (EQ-5D); data will be collected at baseline, 6 months, 12 months, 2yrs and 
3yrs.   
 
Trial based analysis 
Based on the trial period a detailed cost analysis will be conducted, and will be set alongside clinical 
outcomes and EQ-5D data collected in the study. 
 
Cost-effectiveness analysis 
To assess the long term cost-effectiveness of the alternate diagnostic testing strategies, information from 
the trial will be used to update the economic model developed as part of the original CE-MARC trial. The 
model will use information from the trial, including on resource use, costs, HRQoL and other clinical 
outcomes (e.g. on unnecessary tests and MACE events), together with epidemiological, clinical and 
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economic data from other sources to calculate costs and quality-adjusted life-years (QALYs) for patients. 
The economic analysis will use methods consistent with those recommended by the National Institute for 
Health and Clinical Excellence (NICE) [46]. Given the potential difference between diagnostic strategies in 
terms of mortality, the modelling will adopt a lifetime time horizon to capture any difference. 
 
 
15. ENDPOINTS 
15.1 PRIMARY ENDPOINT 
Unnecessary invasive coronary angiography occurring within 12 months in each arm.  
 
This will be defined at the time of coronary angiography by a FFR measurement of >0.80 (i.e. no functional 
ischaemia) in all vessels 2.5mm (stenoses >90% will be considered to have an FFR value of 0.5 and 
stenoses <40% will be assumed to have an FFR of 0.95, such that FFR is not required in these vessels). 
 
In general, patients whose assigned strategy directs them to angiogram for a negative FFR result will be 
deemed to have had an unnecessary angiogram. In the Intention to Treat Analysis (See section 17.3) the 
primary endpoint will also include patients who had a [correct] negative non-invasive test result but went 
on to receive a non-per-protocol coronary angiogram, with a negative FFR result. Such patients will be 
excluded from the per-protocol analysis of the primary endpoint. 
 
An “Unnecessary angiogram” will be defined as one of the following:  

A negative FFR and positive non-invasive test (either 3T CMR or SPECT/CCT) (i.e. a False Positive test 
result) 
A negative FFR in a high pre-test risk (61-90%) patient that proceeds directly to invasive angiography in 
the NICE guidelines-based strategy arm (i.e. a False Positive for the strategy). 
A negative FFR and a negative non-invasive test (either 3T CMR or SPECT/CCT) (i.e. a True Negative 
strategy result in which the imaging result was ‘not believed’ by the treating cardiologist – based on ITT 
principles).  
An inconclusive non-invasive test result (either 3T CMR or SPECT/CCT) in which angiography had to be 
performed to make the diagnosis (i.e. failure of the strategy to produce a diagnosis).  

 
 
15.2 SECONDARY ENDPOINTS 
1) Major adverse cardiovascular event (MACE) at 12 months and 3yrs; this will examine the clinical 
consequences of the new diagnostic strategy.  
MACE is defined as one of the following: 
* Death due to Cardiovascular causes, 
* Myocardial infarction,  
* Unscheduled revascularisation, 
* Hospital admission for cardiovascular cause 
 * Myocardial Infarction (STEMI) 
 * ACS Troponin +ve (i.e. NSTEMI) 
 * ACS Troponin –ve 
 * Arrhythmia 
 * Stroke 
 * Heart failure 
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2) False Negative (i.e. negative non-invasive test and positive FFR ( 0.80) and True Positive (i.e. positive 
non-invasive test and positive FFR ( 0.80)) rates for each strategy (Assessed at 12 months). 
 
3) Cost effectiveness analysis (see section 14) 
 
4) Health-related quality-of-life measures (Assessed at baseline, 6, 12, 24 and 36 months) 
 Seattle Angina Questionnaire – UK Version (SAQ-UK) 
 Medical Outcomes Survey - Short Form 12 (SF12v2) 
 EuroQol 5-Dimensions (EQ-5D) 
 
5) Complications – directly related to investigational or procedural aspects of the study that result in 
prolonged hospital stay or specific treatment that would otherwise have not been required. 
 
 
16. STATISTICAL CONSIDERATIONS 
16.1 SAMPLE SIZE 
A total of 1200 participants will be randomised on a 2:2:1 basis to CMR-guided care, SPECT-guided care and 
NICE-based management. (Based on NICE guideline CG95 (2010)) 
 
We expect the target population to be comparable to that of the CE-MARC study, in which we have 
benchmarked the diagnostic accuracy of 1.5T CMR compared with X-ray angiography and SPECT [33]. Of all 
the CE-MARC patients with a pre-test likelihood calculated as 10-90%, the distribution of patients among 
the 10-29%, 30-60% and 61-90% PTL categories was approximately 10%:33%:57%. Using the estimated 
false positive rates within these subgroups, we obtained estimates of the overall false positive rate (i.e. 
proportion of test positive results in patients with no significant stenosis out of all patients) 
 
16.1.1 CMR-guided care compared to NICE-based management. 
For the primary endpoint analysis when comparing CMR-guided care to NICE-based management - in 
which patients will be randomised 2:1 - we estimated the overall unnecessary angiography rate as 4.5% 
and possibly as high as 6.8%. The overall unnecessary angiography rate for NICE-based management was 
estimated to be as high as 35-40%, due to the guidelines dictating immediate X-ray angiography for all high 
risk patients. In CE-MARC, such patients were expected to have an unnecessary angiography rate around 
60%. For our sample size calculations, we assumed a NICE unnecessary angiography rate of 30%. 
Randomising 1200 patients would give us 480 CMR patients and 240 NICE patients. If we experience 20% 
non-completion then we would have 384 patients in the CMR group, 192 in the NICE group. This would 
give us 99% power to detect a difference between unnecessary angiography rates of 6.8% and 30% using a 
2-sided test at a 5% significance level. 
 
For the secondary endpoint analysis of assessing the difference in MACE rates, we assume that the CMR-
guided care will experience a MACE rate 4% points greater than NICE-guided care. If the 3-year MACE rate 
varies between 3% and 9%, then 480:240 patients in the CMR and NICE groups would provide an interval 
estimate of the difference that extends between 3.9 to 5.7% from the estimate.  
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16.1.2 CMR-guided care compared to SPECT-guided care. 
For the primary endpoint analysis when comparing CMR-guided care to SPECT-guided care in which 
patients will be randomised 2:2 (i.e. 1:1) - we estimated the overall unnecessary angiography rate as for 
SPECT-guided care to be around 11.7% in a similar way as before.  
For our sample size calculations, we used the same estimate of unnecessary angiography rate for CMR-
guided care as before. Randomising 1200 patients would give us 480 CMR patients and 480 SPECT patients. 
If we experience 20% non-completion, then we have 384 patients per group. This would give us 94% power 
to detect a difference between unnecessary angiography rates of 4.5% and 11.7% using a 2-sided test at a 
5% significance level. If the CMR unnecessary angiography rate is as high as 6.8%, then we have 60% power 
to detect a difference between this and a SPECT rate of 11.7%.  
 
For the secondary endpoint analysis of assessing the difference in MACE rates, we assume that the CMR-
guided care will experience a MACE rate 4% points greater than SPECT-guided care. If the 3-year MACE 
rate varies between 3% and 9%, then 480:480 patients in the CMR and SPECT groups would provide an 
interval estimate of the difference that extends between 3.3 to 4.7% from the estimate.  
 
16.2 PLANNED RECRUITMENT RATE 
To recruit 1200pts over 2 ½ years across 3 centres breaks down as 40 patients per month (Or 
~160pts/centre/yr) which is realistic and achievable, especially given the very large regional populations 
that are served by the recruiting centres.  
 
We demonstrated in the single centre CE-MARC trial a recruitment rate of 750 comparable patients in 3yrs 
and 5mths (~220pts/yr). We are thus confident that we can meet the recruitment target in CE-MARC 2. 
The experience of completing the first CE-MARC trial will allow us to put effective recruitment strategies in 
place, and as Leicester and Glasgow have comparable patient populations to Leeds, we would expect 
equivalent recruitment rates.  
 
 
17. STATISTICAL ANALYSIS 

17.1 GENERAL CONSIDERATIONS 
Statistical analysis is the responsibility of the CTRU statistician. The analysis plan outlined in this section will 
be reviewed and a final statistical analysis plan written before any analysis is undertaken. The analysis plan 
will be written in accordance with current CTRU standard operating procedures and will be finalised and 
agreed by the following people: trial statistician, supervising statistician, chief investigator, CTRU principal 
investigator and the senior trial co-ordinator. Any changes to the finalised analysis plan and the reasons for 
the change will be documented. 
 
All analyses will be conducted on the Intention-to-treat (ITT) population (As defined in the statistical 
analysis plan) where a patient’s diagnostic pathway will be that allocated at randomisation. A Per-protocol 
(PP) population will also be defined which will exclude patients who do not comply with the protocol and 
will be defined in the statistical analysis plan.  
 
17.2 FREQUENCY OF ANALYSIS 
Interim reports will be presented to the Data Monitoring and Ethics Committee in strict confidence at 
approximately 12 monthly intervals or as soon as sufficient data have been accrued to make them 
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meaningful. For each DMEC meeting, an analysis plan will be written in accordance with current CTRU 
Standard operating procedures and will be finalised and agreed by the trial statistician, supervising trial 
statistician, chief investigator, CTRU principal investigator and the senior trial co-ordinator. Any changes to 
the analysis plan for the DMEC meeting and reasons for changes will be documented. No formal interim 
analyses of the primary endpoint are planned. The DMEC, in the light of the interim reports and of any 
advice or evidence they wish to request, will report to the Trial Steering Committee if there are concerns 
regarding the safety or efficacy of one of the trial arms.  
 
Final analysis will be carried out on the primary endpoint when the response data is available for all 
patients, expected to be around 1-year after close of recruitment. Final analysis of long-term follow-up 
endpoints will take place when all the data has been collected for all patients, approximately 3 years after 
close of recruitment. 
 
17.3 PRIMARY ENDPOINT ANALYSIS 
The difference in proportions of patients with a study-defined unnecessary coronary artery angiogram and 
95% confidence interval (CI) for this difference will be presented for summary purposes. A binary logistic 
regression will model the relative odds of receiving an unnecessary angiogram for CMR patients vs. the 
group of interest (Either NICE or SPECT-guided care pathways) when controlling for the minimisation 
factors (Centre, pre-test likelihood, age and gender, categorised as described in section 9.4). The estimated 
odds ratios, 95% confidence intervals and P-values will be presented. An unadjusted analysis will compare 
the difference in the proportions between the two groups using a chi-squared test. 
 
The primary endpoint analysis will be performed on the intention-to-treat analysis in the first instance. The 
per-protocol population analysis of this endpoint will exclude patients whose angiogram was not dictated 
by the test: patients whose negative functional test results are overruled by the treating clinician will not 
be deemed to have had a study-defined unnecessary angiogram. 
 
17.4 SECONDARY ENDPOINT ANALYSES 
 
Major Adverse Cardiovascular Events (MACE) 
The proportions of patients in the two groups with a MACE at twelve months and three years and 
corresponding 95% CIs will be presented. The absolute differences in these MACE rates will be presented, 
with a 95% CI for the differences.  
 
This analysis will be performed both on the intention-to-treat basis and on the per-protocol basis. 
 
Quality of Life 
The scores for the dimensions of the SAQ and SF12 will be summarised by randomised group at each time 
point. Multi-level repeated measures modelling will be used to estimate differences between the groups at 
all post-baseline time points (allowing for time, trial group, trial group by time interaction, and adjusting for 
baseline QOL and minimisation factors [all fixed effects], and for patient and patient by time interaction 
[random effects]). Residuals and predicted values produced from the multivariate models will be examined 
to assess the assumptions of the statistical model. 
 
Health Economics 
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 The health related quality of life (HRQoL) scores, as measured by the EQ-5D, controlling for the baseline 
scores, will be presented for the two groups at 6 months, 12 months, 2yrs and 3yrs. The corresponding 
95% CIs will also be presented. A secondary analysis will consider HRQoL scores generated using the SF12 
questionnaire mapped onto EQ-5D values. 
 
A trial based health economic analysis will present detailed resource use and costs by group during the trial 
period. The corresponding 95% CIs will also be presented.  These will be presented alongside clinical 
outcomes and EQ-5D data collected in the study.  
 
To assess the long term cost-effectiveness of the strategies, information from the trial will be used along 
with other evidence in an economic model to produce life time costs and QALYs. The incremental cost-
effectiveness of the strategies will then be compared to standard cost per QALY thresholds to identify the 
cost-effective strategy. 
 
 
 
18. DATA MONITORING 
 
18.1 DATA MONITORING AND ETHICS COMMITTEE (DMEC) 
An independent Data Monitoring and Ethics Committee (DMEC) will be established to review the safety 
and ethics of the trial. 
  
18.2 DATA MONITORING  
Data will be monitored for quality and completeness by the CTRU.  Missing data will be chased until it is 
received, confirmed as not available or the trial is at analysis However missing data items will not be 
chased from participants (although missing questionnaires sometimes are).  The CTRU/Sponsor will reserve 
the right to intermittently conduct source data verification exercises on a sample of participants, which will 
be carried out by staff from the CTRU/Sponsor.  Source data verification will involve direct access to 
patient notes at the participating hospital sites and the ongoing central collection of copies of consent 
forms and other relevant investigation reports.  A Trial Monitoring Plan (TEM45) will be developed and a 
Meeting Group Monitoring Schedule (TEM69) including primary endpoint and safety data will be defined 
and agreed by the Trial Management Group (TMG) if necessary. 
 
18.3 CLINICAL GOVERNANCE ISSUES  
To ensure responsibility and accountability for the overall quality of care received by participants during 
the study period, clinical governance issues pertaining to all aspects of routine management will be 
brought to the attention of the TSC and, where applicable, to individual NHS Trusts.’  
 
 
19. QUALITY ASSURANCE AND ETHICAL CONSIDERATIONS 
 
19.1 QUALITY ASSURANCE 
The study will be conducted in accordance with the principles of Good Clinical Practice in clinical trials  as 
detailed by the Medical Research Council (1998), the NHS Research Governance Framework (and Scottish 
Executive Health Department Research Governance Framework for Health and Social Care 2006 for studies 
conducted in Scotland) and through adherence to CTRU Standard Operating Procedures (SOPs). 
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Investigators are required to promptly notify the CTRU of a serious breach (as defined in NRES SOP V5.0) A 
“serious breach” is defined as a breach of the protocol or of the conditions or principles of Good Clinical 
Practice (or equivalent standards for conduct of non-CTIMPs) which is likely to affect to a significant degree 
the safety or physical or mental integrity of the trial subjects, or the scientific value of the research. 
 
In the event of doubt; further information, the Investigator should contact the Senior Trial Co-ordinator at 
the CTRU. 
 
19.2 ETHICAL CONSIDERATIONS 
The trial will be performed in accordance with the recommendations guiding physicians in biomedical 
research involving human subjects adopted by the 18th World Medical Assembly, Helsinki, Finland, 1964, 
amended at the 52nd World Medical Association General Assembly, Edinburgh, Scotland, 1996*. Informed 
written consent will be obtained from the patients prior to randomisation/registration into the study.  The 
right of a patient to refuse participation without giving reasons must be respected.  The participant must 
remain free to withdraw at any time from the study without giving reasons and without prejudicing his/her 
further treatment. The study will be submitted to and approved by a main Research Ethics Committee 
(main REC) and the appropriate Site Specific Assessor for each participating centre prior to entering 
patients into the study. The CTRU will provide the main REC with a copy of the final protocol, patient 
information sheets, consent forms and all other relevant study documentation. 
 
20. CONFIDENTIALITY 
All information collected during the course of the trial will be kept strictly confidential. Information will be 
held securely on paper and electronically at the Clinical Trials Research Unit (CTRU). The CTRU will comply 
with all aspects of the 1998 Data Protection Act and operationally this will include: 

consent from participants to record personal details including name, date of birth, address and 
telephone number, NHS number, hospital number, GP name and address (include as appropriate) 
appropriate storage, restricted access and disposal arrangements for participant personal and clinical 
details 
consent from participants for access to their medical records by responsible individuals from the 
research staff or from regulatory authorities, where it is relevant to trial participation 
consent from participants for the data collected for the trial to be used to evaluate safety and develop 
new research. 
participant name, address and telephone number (include as appropriate) will be collected when a 
participant is randomised into the trial but all other data collection forms that are transferred to or 
from the CTRU will be coded with a trial number and will include two participant identifiers, usually the 
participant’s initials and date of birth.   
where central monitoring of source documents by CTRU (or copies of source documents) is required 
(such as scans or local blood results), the participant’s name must be obliterated by site before sending 
where anonymisation of documentation is required, sites are responsible for ensuring only the 
instructed identifiers are present before sending to CTRU 

 
If a participant withdraws consent from further trial treatment and / or further collection of data their 
samples will remain on file and will be included in the final study analysis.’  
 
20.1 ARCHIVING 
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At the end of the study, data will be securely archived in line with the Sponsor’s procedures for a minimum 
of 5 years.  Data held by the CTRU will be archived in the Leeds Sponsor archive facility and site data and 
documents will be archived at site. Following authorisation from the Sponsor, arrangements for 
confidential destruction will then be made.  
 
 
 
21. STATEMENT OF INDEMNITY 
This study is sponsored by the University of Leeds and the University of Leeds will be liable for negligent 
harm caused by the design of the study. The NHS has a duty of care to patients treated, whether or not the 
patient is taking part in a clinical study and the NHS remains liable for clinical negligence and other 
negligent harm to patients under this duty of care. 
 
 
22. STUDY ORGANISATIONAL STRUCTURE 
22.1 INIDIVUALS AND INDIVIDUAL ORGANISATIONS 
Chief Investigator - as defined by the NHS Research Governance Framework, is responsible for the design, 
management and reporting of the study. 
 
Trial Sponsor – The Sponsor is responsible for trial initiation management and financing of the trial as 
defined by Directive 2001/20/EC. These responsibilities are delegated to the CTRU as detailed in the trial 
contract. 
 
Clinical Trials Research Unit – The CTRU will have responsibility for conduct of the study in accordance with 
the Research Governance Framework and CTRU SOPs. The CTRU will provide set-up and monitoring of trial 
conduct to CTRU SOPs, including, randomisation design and service, database development and provision, 
protocol development, CRF design, trial design, source data verification, monitoring schedule and 
statistical analysis for the trial. In addition the CTRU will support main REC, Site Specific Assessment and 
NHS Permissions submissions and clinical set-up, ongoing management including training, monitoring 
reports and promotion of the trial. The CTRU will be responsible for the day-to-day running of the trial 
including trial administration, database administrative functions, data management, safety reporting and 
all statistical analyses. 
 
Chief Investigator: The Chief Investigator will have overall responsibility for the design, set-up and 
implementation of the study. 
 
CE MARC 2 Clinical Research Nurse (CRN): The CRNs will be responsible for the day-to-day clinical 
management of the study, patient recruitment, obtaining informed consent, randomisation, liaison with 
medical staff, CRF completion and annual follow-up assessments (including GP contact, patient telephone 
follow-up and case-note verification) . 
 
CE MARC 2 Research Fellow: The Research Fellow will be responsible for the medical supervision of CMR 
imaging, the CMR analysis, day-to-day clinical input into the study and supporting the CRN in patient 
recruitment. 
 



                 

CE-MARC 2
Page 37 of 191

CE MARC 2 medical physicist: The physicist will be responsible for pulse sequence optimisation and 
implementation at recruiting sites, quality control assessments, phantom calibration work, and image 
quality/artefact problem solving.  
  
Funding: The study is funded by a British Heart Foundation 5 year Special Project Grant.  
 
22.2 GROUPS 
Trial Management Group - The TMG, comprising the Chief Investigator, CTRU team, co-applicants and a 
CEMARC 2 CRN will be assigned responsibility for the clinical set-up, on-going management, promotion of 
the trial, and for the interpretation and publishing of the results. Specifically the TMG will be responsible 
for (i) protocol completion, (ii) CRF development, (iii) obtaining approval from the main REC and supporting 
applications for Site Specific Assessments, (iv) completing cost estimates and project initiation, (v) 
nominating members and facilitating the TSC and DMEC, (vi) reporting of serious adverse events, (vii) 
monitoring of screening, recruitment, treatment and follow-up procedures, (vii) auditing consent 
procedures, data collection, trial end-point validation and database development. 
 
Trial Steering Committee – The TSC, with an independent Chair, will provide overall supervision of the trial, 
in particular trial progress, adherence to protocol, participant safety and consideration of new information.  
It will include an Independent Chair, not less than two other independent members and a consumer 
representative. The Chief Investigator and other members of the TMG may attend the TSC meetings and 
present and report progress. The Committee will meet annually as a minimum. 
 
Data Monitoring and Ethics Committee (DMEC): The DMEC will include independent membership and will 
review the safety and ethics of the trial by reviewing interim data during recruitment. The Committee will 
meet annually as a minimum. 
 
 
23. PUBLICATION POLICY 
The trial will be registered with an authorised registry, according to the ICMJE Guidelines, prior the start of 
recruitment.  
 
The success of the trial depends upon the collaboration of all participants. For this reason, credit for the 
main results will be given to all those who have collaborated in the trial, through authorship and 
contributorship. Uniform requirements for authorship for manuscripts submitted to medical journals will 
guide authorship decisions. These state that authorship credit should be based only on substantial 
contribution to:  

conception and design, or acquisition of data, or analysis and interpretation of data 
drafting the article or revising it critically for important intellectual content 
and final approval of the version to be published 
and that all these conditions must be met (www.icmje.org). 

 
In light of this, the Chief Investigator, co-applicants and relevant senior and statistical CTRU CEMARC 2 
members will be named as authors in any publication. In addition, all collaborators will be listed as 
contributors for the main trial publication, giving details of roles in planning, conducting and reporting the 
trial. The CEMARC 2 team should be acknowledged in all publications, as should the BHF.  Other key 
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individuals will be included as authors or contributors as appropriate and at the discretion of the CEMARC 2 
TMG.  Any disputes relating to authorship will be resolved by the TSC. 
 
The Chairs and Independent members of the TSC and Data Monitoring and Ethics Committee (DMEC) will be 
acknowledged, but will not qualify for full authorship, in order to maintain their independence. 
 
To maintain the scientific integrity of the trial, data will not be released prior to the first publication of the 
analysis of the primary endpoint, either for trial publication or oral presentation purposes, without the 
permission of the Trial Steering Committee. In addition, individual collaborators must not publish data 
concerning their participants which is directly relevant to the questions posed in the trial until the first 
publication of the analysis of the primary endpoint.’ 
 
The BHF (funder) has adopted an open access policy for all BHF funded research which means that an 
electronic copy of all peer reviewed published papers must be accessible via the UKPMC website. 
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Appendix 1 – pre-test likelihood calculator - from NICE Guidelines CG 95 (2010) 
 
_ Anginal pain is: 
 
– constricting discomfort in the front of the chest, neck, shoulders, jaw or arms 
 
– precipitated by physical exertion 
 
– relieved by rest or GTN in about 5 minutes. 
 
People with typical angina have all the above anginal pain features,  
 
People with atypical angina have two of the features  
 
People with non-anginal chest pain have one or none of the features  
 

   Non- anginal chest pain                Atypical angina                          Typical Angina 
 Men Women Men Women Men Women 
Age Lo Hi Lo Hi Lo Hi Lo Hi Lo Hi Lo Hi 
30-
39 

3 35 1 19 8 59 2 39 30 88 10 78 

40-
49 

9 47 2 22 21 70 5 43 51 92 20 79 

50-
59 

23 59 4 25 45 79 10 47 80 95 38 82 

60-
69 

49 69 9 29 71 86 20 51 93 97 56 84 

 
For men older than 70 with atypical or typical symptoms, assume an estimate >90% 
For women older than 70, assume an estimate of 61–90% EXCEPT women at high risk AND with typical 
symptoms where a risk of > 90% should be assumed. 
 
Hi = High risk = diabetes and/or smoking and/or hyperlipidaemia (total cholesterol > 6.47 mmol/litre 
and/or treatment with lipid-lowering drugs)  
 
Lo = Low risk = none of these three. 
The dark grey shaded area represents people with symptoms of non-anginal chest pain, who would not be 
investigated for stable angina routinely. 
 
If there are resting ECG ST-T changes or Q waves, the likelihood of CAD is higher in each cell of the table. 
 
Patients with non-anginal chest pain are not eligible for this study. 
  
Patients with a likelihood of CHD of <10% or >90% are not eligible for this study 
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Appendix 2: PATIENT INFORMATION SHEET and CONSENT FORM 
                                                                                   
 

CE-MARC 2 
Clinical Evaluation of MAgnetic Resonance imaging in Coronary heart disease. 

 
 

CEMARC 2 patient information sheet   - KEY FACTS 
 
Please read this carefully and refer to the full information sheet: 

You are invited to take part in a research study, comparing different ways of investigating patients 
who have chest pain. 

 
The study is being led by Dr John Greenwood, Consultant Cardiologist, together with your 
consultant and members of the research team. The study is funded by the British Heart Foundation. 
 
If you consent to take part in the study you will be randomly assigned to be in one of three groups: 
 

Group 1 
 
 

This group will be  investigated with an MRI scan of the heart                         

Group 2 This group will be investigated with a SPECT scan of the heart 

Group 3 This group will be investigated following the NICE guidelines and you will 
either have a CT scan, a SPECT scan or an X-Ray angiogram (depending on 
the likelihood of you having narrowings in your heart arteries). 

 
The test you have will be reported and if it is abnormal you will have an X-Ray coronary angiogram 
(unless that was your 1st test anyway) with measurement of the blood flow in the heart arteries.  
 
All patients will be followed up and therefore members of the research team will have access to 
your records during and after study participation 
 
You will not benefit directly from taking part in the study 
 
You do not have to take part if you do not want to, in which case you would receive standard care 
instead. 

 
 

CE-MARC 2 
Clinical Evaluation of MAgnetic Resonance imaging in Coronary heart disease. 
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PATIENT INFORMATION SHEET 
Version 1.0 August 2012 
 
Chief Investigator: Dr J Greenwood                                                               Local Investigator: insert d etails 

 
Dear Patient, 
You are being invited to take part in a research study. Before you decide it is important for you to understand why 
the research is being done and what it will involve. Please take time to read the following information carefully and 
discuss it with friends, relatives and your GP if you wish. Ask us if there is anything that is not clear or if you would 
like more information. Take time to decide whether or not you wish to take part. 
 
Purpose of the study 
We have several tests available to help us find out if chest pain is caused by narrowings of the heart arteries (coronary 
heart disease). Currently many patients in whom coronary artery disease is suspected, have an angiogram (=X-ray test 
taking pictures of the heart arteries). We know from other studies that some of these angiograms will show normal 
heart arteries. Before having an angiogram many patients have had another heart test, for instance a CT scan or a 
SPECT scan. Doctors are always looking to develop and improve tests that can reliably tell us if a patient needs an 
angiogram as their next test or not. Nowadays we can use Magnetic Resonance Imaging (MRI) to obtain pictures of 
the heart and see how well the heart is supplied with blood and oxygen. MRI produces pictures with greater detail 
than other heart scans. Importantly, MRI is also a safer test than most other heart scans, because it does not use 
radiation. Because of all of these qualities, MRI is becoming an important test in patients who suffer with chest pain 
and coronary heart disease, and may eventually reduce the need for invasive tests such as coronary angiograms. 
Doctors have been doing research for many years to see how accurate MRI is compared to other heart tests. This study 
is part of that on-going research. In this study we will be using a magnet with a stronger magnetic field (called 3 Tesla) 
than used in our previous CEMARC I study. This gives sharper pictures with even more detail. 
 
Why have I been chosen? 
This study is looking at people like you, who have been referred to a cardiology clinic with chest pain. We will be asking 
1200 people, in several UK hospitals, to take part in this study. 
 
Do I have to take part? 
It is up to you to decide whether or not to take part. If you do decide to take part you will be given this information 
sheet to keep and be asked to sign a consent form. If you decide to take part you are still free to withdraw at any 
time and without giving a reason. This will not affect the standard of care that you receive from the NHS. If there is a 
possibility that you might be pregnant, you should not take part in the study. Our research team will be happy to 
discuss any other questions that you may have concerning your suitability for the study, before you decide whether 
to take part. 
 
 
What will happen to me if I take part? 
If you take part in this study you will be assigned to one of three groups. We call one group ‘MRI guided’ , the second 
group SPECT-guided, and the third group ‘NICE guidelines based’.  The choice will be made randomly, like tossing a 
coin. Neither you nor your doctor can influence what group you will be in. The groups will not be the same size: you 
have more chance of being in either the MRI or the SPECT group than of being in the NICE guidelines group.  As the 
names suggest, your treatment in this study will be guided by the results of either the MRI scan, the SPECT scan, or 
one of the tests recommended by NICE (which also includes SPECT). 
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1. MRI guided group: (480 out of the 1200 patients will be in this group). If you are allocated to the MRI group you will 
have an MRI scan (Magnetic Resonance Imaging) next. The scan will take approximately 60 minutes to complete. You 
lie in a short 'tunnel', which holds a large magnet. Short bursts of magnetic fields and radio waves from the MRI scanner 
allow images to be created. You will hear periodical loud “banging” noises while we are acquiring the images of your heart, 
though we do protect your ears with headphones. You can listen to the radio, or to one of your own CDs.  We will remain 
in communication with you throughout the scan. During the scan, we will inject an MRI contrast medication into a vein 
in your arm. At one point we will also inject a medication (Adenosine) into a vein in your other arm, which is a drug to 
increase the blood flow to your heart. This medication is used routinely in many heart tests.  What happens next: The 
MRI scan will be reported by a consultant who is an expert in this area. If the test is normal your further treatment will 
be decided by your own cardiologist. If the test shows that there may be one or more narrowings in your heart arteries 
you may be offered a further test called an X-Ray coronary angiogram (see page 4).  
 
2. SPECT guided group: (480 out of the 1200 patients will be in this group).  If you are allocated to the SPECT group 
you will have a SPECT scan (single-photon emission computed tomography) next. The SPECT perfusion study is 
carried out on two separate days and each visit takes approximately 2 hours. On one day pictures of the heart will be 
taken at rest, and on a second day after injection of a medication (Adenosine) to increase the blood flow to your heart. 
On both days you will also have an injection of a radioactive dye into the blood, which is taken up by the heart muscle. 
One hour after the injection, pictures of the heart are taken with a special camera that slowly moves around you while 
you lie on a bed with one arm raised above your head. Taking these pictures takes approximately 20 minutes. What 
happens next: The SPECT scan will be reported by a consultant who is an expert in this area. If the test is normal your 
further treatment will be decided by your own cardiologist. If the test shows that there may be one or more narrowings 
in your heart arteries you may be offered a further test called an X-Ray coronary angiogram (see page 4). 
 
3. NICE guidelines group: (240 out of the 1200 patients will be in this group). If you are allocated to the NICE guidelines 
group you will have the heart test recommended by these guidelines, published by NICE, the National Institute for 
Health and Clinical Excellence, in 2010.   This will be one of the following: a CT calcium score (followed by a CT coronary 
angiogram if required), a SPECT scan, or an X-Ray coronary angiogram. Which test you are offered depends on how 
likely it is that you have narrowings of the heart arteries. We can calculate this from your medical history and you will 
fall into either a low, intermediate, or high likelihood group. 
a. For patients with a low likelihood:  
CT calcium score: CT stands for ‘computerised tomography’ and is a sophisticated type of X-ray.  You will lie on a bed 
under a scanner and will be asked to hold your breath briefly for the scan to be performed. This scan will let us see 
how much calcium there is in your heart arteries. If there is very little then the scan will be stopped at that point and 
you will have no further tests. If there is a lot of calcium the scan will also be stopped and you will be offered an X-Ray 
coronary angiogram (see below). If there is a moderate amount of calcium we will continue to see whether there are 
any narrowings, this is called a CT coronary angiogram.  For this you will receive an injection of a contrast dye into a 
vein in your am. You may also receive an injection of a medicine (a beta-blocker) to slow your heart rate down a little 
bit. This can help reduce the time you will need to hold your breath for. 
 
b. For patients with an intermediate likelihood: 
SPECT scan: this is the same scan as the patients in the SPECT guided group have, and is described on page 3.  If the 
test shows that there may be one or more narrowings in your heart arteries you may be offered a further test called 
an X-Ray coronary angiogram (see below). 
 
c. For patients with a high likelihood: 
X-Ray Coronary angiography: This test requires you to come into hospital for one day. With the coronary angiogram 
we take X-ray pictures of the heart arteries. You will be taken to an X-ray room and asked to lie down on a bed. After 
cleaning the skin, local anaesthetic is given and a needle put into the artery in the wrist or occasionally the groin. A 
fine, hollow tube called a “catheter” is then introduced into the artery and is gently advanced through the blood 
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vessels to the heart. You will not feel the catheter being moved around inside your chest. A dye is then injected into 
the heart blood vessels and X-rays taken from several angles. A narrowing or a blockage may be seen which would 
confirm the diagnosis of coronary artery disease. To assess the importance of a narrowing in a heart artery a pressure 
wire will be used. This technique is increasingly used during a coronary angiogram to guide further treatment. This is 
a very small wire inserted through the catheter into the vessel of the heart to measure the blood flow. It also involves 
the injection of Adenosine to improve blood flow to the heart. When the test is over, the catheter is removed and 
simple pressure is applied to the wrist (or groin). 
After the angiogram the doctor carrying out the test will discuss the findings with you, and the options for treatment 
if any narrowings were found. Sometimes a blockage is found which can be treated on the same day by placing a stent 
in the narrowed artery. Any treatment you receive is not part of the study and will be carried out following current 
best practice. 
 
Health Questionnaires  
If you agree to participate in this study, you will be asked to complete three simple health questionnaires when you 
join the study, after six months, and then once a year for three years. 
 
Follow–up: As part of the study we would like to see how you are getting on once a year for three years. We 
may telephone you to ask you some simple questions about your health. With your permission we may also 
look at your hospital records, request access to your GP records, central NHS records and/or use information 
from the NHS Information Centre.  
It is very helpful if we can continue to track your health condition over a long term period. The Medical Research 
Information Service (MRIS) allows us to access health information about you with your permission.  In order to 
this we are seeking your permission to provide MRIS with some of your personal details (including your name, 
date of birth, address and NHS number) and with this information MRIS will be able t o provide us with simple 
health information about you beyond the 3 year follow up period of this study.  It is very important to 
understand the long term health condition of patients to find out if the treatments we are giving are effective. 
Information will be provided to MRIS in strict confidence and will be kept securely by them and will not be released 
to a third party.  
 
 
What are the possible disadvantages and risks of taking part? It is important to remember that if you were not in the 
study you would be having one of these tests anyway. 
 
MRI scan: Magnetic Resonance Imaging (MRI) at 3 Tesla is safe and no radiation is used for this scan. There are no 
known risks from this technique. Some people may experience claustrophobia. Our MRI staff will do all that they can 
to make you feel comfortable during the scan, and will be monitoring you via a video camera and an audio link. If we 
are unable to make you feel comfortable in the scanner, we will not go ahead with scanning. We will need to insert 
two small tubes (cannulae) into your arms for the contrast dye and the adenosine medication. The contrast medication 
we use during the scan is very safe but, as with any injection, reactions may occur. These include a warm sensation at the 
injection site, nausea or vomiting and transient skin rash. These effects usually only last for a few minutes. People with a 
history of allergy are more likely to suffer a more severe reaction, but this is rare (less than 1 in 3000). The department is 
equipped to cope with allergic reactions if they happen. Adenosine, the medication we use to increase the blood flow to 
the heart, can cause flushing, breathlessness and chest discomfort. However, all of these feelings usually subside within 
one or two minutes or even more quickly when the medication is stopped.  
 
SPECT scan: SPECT imaging is very safe but exposes patients to a small amount of radiation. The dose is equivalent to 
receiving approximately 3 years of natural background radiation in the UK. We will need to insert one small tube 
(cannula) into your arm for the contrast dye and the adenosine medication.  Adenosine, the medication we use to 
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increase the blood flow to the heart, can cause flushing, breathlessness and chest discomfort. However, all of these 
feelings usually subside within one or two minutes after the medication is stopped. 
 
CT coronary angiogram: CT imaging is very safe but exposes patients to a small amount of radiation. The dose of a CT 
calcium score only scan is equivalent to receiving approximately 6 months to 1 year of natural background radiation in the 
UK . The dose of a CT angiogram is equivalent  to receiving approximately 3 years of natural background radiation in the 
UK. We will need to insert one small tube (cannula) into your arm for the contrast dye. The contrast medication we use 
during the scan is very safe but, as with any injection, reactions may occur. The department is equipped to cope with 
allergic reactions if they happen. You may also be given a medication (by mouth or into a vein) to slow your heart rate 
down a little, this is called a beta-blocker. If this is the case you will usually be kept under observation until the after 
effects of any possible light headedness have worn off, which is usually for about half an hour. 
 
X-Ray Coronary angiography and pressure wire: 
At present most patients with chest pain or other symptoms consistent with coronary artery disease will have an 
angiogram at some point. The advantage of an angiogram is that it can look inside the arteries. However this also 
means that it is invasive and bears some risks. The most common complication of the X-ray angiogram is for a bruise 
to form on the wrist or in the groin. This is not serious, but may be inconvenient for a few days. Allergic reactions to 
the iodine based dye are rare and the department is equipped to cope with reactions. Other serious complications 
are very rare, but the test can cause a heart attack, stroke or death. This is estimated at about 1 or 2 in every 1000 
people. However the level of risk depends on your overall health and your individual heart condition. A pressure wire 
test is safe, but as a wire is passed down the coronary artery a small risk of damage to the blood vessel wall or heart 
muscle is added. 
The amount of radiation you are exposed to during a coronary angiogram is approximately equivalent to the 
radiation you are exposed over the course of 3 years from the natural environment.  
 
What are the alternatives? 
If you do not take part in the study you will have the heart test your cardiologist chooses for you. 
 
Benefits to you 
We cannot promise the study will directly benefit you, but the information we get from this study might help the 
treatment of future patients. If you take part in a study you will have more contact with us, and have more 
opportunities to ask questions and be informed about your health, which some patients find helpful. 
Expenses 
You will not be asked to undergo any extra tests as a result of taking part in this study, so you will incur no extra 
expenses. 
 
Will my taking part be kept confidential? 
All information collected about you during the course of the study will be kept strictly confidential. This information 
will be securely stored, electronically on Leeds Teaching Hospitals NHS Trust and University of Leeds secure servers, 
and on paper, under the provisions of the 1998 Data Protection Act. Your data, including personal data such as your 
name, address and NHS number will be sent to the Clinical Trials Research Unit at the University of Leeds. The data 
collected will be coded and your personal details will be kept entirely separately from details about your health and 
treatment. You will not be identified in any publication that may result from this research.  
 
We may contact the NHS Information Service or other central NHS UK bodies at a later stage for information which 
they hold on your health status. This means some of your personal data will be shared with the NHS Information 
Service. Any information exchanged between us and the NHS Information Service will be subject to strict data 
protection regulations. 
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With your permission, your data may also provide a resource for future studies. If any information from this study is 
used to develop new research, data protection regulations will be observed and strict confidentiality maintained. Any 
information about you which leaves the hospital will have your name and address removed so that you cannot be 
identified. Your data and or images may be sent to institutions in the UK, the European Economic Area or outside the 
EEA.  Ethical approval will be obtained for any future studies involving your data. With your consent we may also wish 
to contact you in future about new studies you may wish to participate in. We will never give your personal details to 
any researchers outside of our department. 
 
If you withdraw consent from further study follow-up, or if you were to become incapacitated, any data collected 
about you up to that point will remain on file and will be included in the final study analysis.  
 
What will happen to the results of the research study? 
When the study is complete the results will be published in a medical journal, but no individual patients will be 
identified. If you would like a copy of the published results, please ask your doctor. 
Indemnity/Compensation 
If you are harmed as a direct result of taking part in this study, there are no special compensation arrangements. If you are 
harmed due to someone’s negligence, then you may have grounds to a legal action. Regardless of this, if you have any 
cause to complain about any aspect of the way you have been approached or treated during the course of this study, the 
normal National Health Service complaints mechanisms are available to you. 
The research organisation 
This is a research project of the Cardiac MRI department at the University of Leeds and the Leeds General Infirmary, 
in collaboration with the Clinical Trials Research Unit at the University of Leeds. It is being funded by the British 
Heart Foundation. 
Who has reviewed the study? 
The study has been reviewed and approved both by the South Yorkshire Research Ethics Committee, and by your 
hospital trust’s Research and Development Office.  More details can be provided, on request, by your study doctor. 
 
For further information please contact:   
   
Insert local contact details of clinician and research nurse. 
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 CONSENT FORM v1.0 August 2012 
CE-MARC 2 

Clinical Evaluation of MAgnetic Resonance imaging in Coronary heart disease. 
CI: Dr John Greenwood 

          Local PI: insert details 
Patient Study Number: ……………………..  
 
NHS number: .....................................         Date of Birth: …………..…………… 

                                                                              
Please initial boxes                                            

1.  I have read the Patient Information Sheet dated August 10 2012 
 (Version 1.0) for the above study and I have had the 
 opportunity to ask questions and discuss the research study 
 and I am satisfied with the answers to my questions. 
 
2.  I understand that my participation is voluntary and that I am  
              free to withdraw from the study at any time without giving a 

reason. 
              
3 I give my consent for my General Practitioner to be informed, and 

I understand that my cardiologist will be informed only if we find 
any abnormality over and above what is already known. 

 
4. I understand that data and images collected will be stored on a 

computer system, and, after my personal details have been 
removed, may be available to researchers at other institutions in 
the UK, the EEA, and countries outside the EEA. 

 
5. I understand that relevant sections of my medical notes and 

data collected during the study (including personal data) may be 
looked at by individuals from the University of Leeds, the Clinical 
Trials Research Unit, from regulatory authorities, or from the 
Leeds Teaching Hospitals NHS Trust, where it is relevant to my 
taking part in this research. I give permission for these 
individuals to have access to my records. 

 
6.          I understand that information held by the NHS and records held 

and managed by the NHS Information Centre and other central UK 
NHS bodies, and by my General Practitioner may be used to 
contact me and provide information about my health status. I give 
permission for this information to be obtained from the NHS 
Information Centre, the NHS Central Register and/or my GP if 
necessary. 
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7. If I were to lose capacity or withdraw consent for further follow-up 
I understand that data already collected will be kept and used for 
the purposes of the study. 

 
8. I agree to take part in this research study and that the general 

results of the study will be made available to the medical 
community most likely through publication in a reputable 
medical journal. 

 
9.  I am willing to be contacted again in the future with regard to potentially  

taking part (without any obligation) in further related research studies 
 
 
 
 
Signature of participant.............................................................................. 
 
Name (block capitals)...........................................................  Date................ 
 
 
 
Signature of researcher.............................................................. 
 
Name (block capitals)............................................................  Date…………….. 
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4. GLOSSARY OF TERMS AND DEFINITIONS 
Terms 
ACS  Acute Coronary Syndrome 
AMI  Acute Myocardial Infarction 
BHF  British Heart Foundation 
CABG            Coronary Artery Bypass Grafting    
CAC  Coronary Artery Calcium (score) 
CAD  Coronary Artery Disease 
CFR  Coronary Flow Reserve 
CHD  Coronary Heart Disease 
CMR                  Cardiac Magnetic Resonance Imaging 
CRN  Clinical Research Nurse 
CTCA  Computed Tomography Coronary Angiography 
CTRU  Clinical Trials Research Unit 
CWP  Coronary Wedge Pressure  
ETT  Exercise Tolerance Test 
FFR  Fractional Flow Reserve  
GCP  Good Clinical Practice 
GP  General Practitioner 
HSCIC  Health and Social Care Information Centre 
IMR  Index of Microvascular Resistance 
MI  Myocardial Infarction 
MRI  Magnetic Resonance Imaging 
MRA  Magnetic Resonance Angiography 
NICE  National Institute of Clinical Excellence 
NHS  National Health Service 
ONS  Office of National Statistics 
PCI               Percutaneous Coronary Intervention      
PIS  Patient information Sheet 
PSC  Programme Steering Committee 
REC  Research Ethics Committee 
SMG  Study Management Group 
SPECT  Single Photon Emission Computed Tomography 
TIA  Transient Ischaemic Attack 
 
Definitions 
Acute Myocardial infarction (3rd Universal Definition)7: 
Detection of the rise and/or fall of cardiac biomarkers (preferably troponin) with at least one value above 
the 99th percentile of the upper reference limit (URL) together with evidence of myocardial ischaemia with 
at least one of the following: 

• Symptoms of ischaemia 
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• New or presumed new significant ST-segment–T wave (ST–T) changes or new left bundle branch 
block (LBBB). 

• Development of pathological Q waves in the ECG 
• Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality 
• Identification of an intracoronary thrombus by angiography or autopsy. 

 
 
Previous Myocardial Infarction (3rd Universal Definition): 
Any one of the following criteria meets the diagnosis for previous myocardial infarction 

• A previous detection of the rise and/or fall of cardiac biomarkers meeting the 3rd universal 
definition of myocardial infarction. 

• Pathological Q waves with or without symptoms in the absence of non-ischaemic causes. 
• Imaging evidence of a region of loss of viable myocardium than is thinned and fails to contract, in 

the absence of a non-ischaemic cause. 
• Pathological findings of a prior MI. 

 
 
Repeat Target Lesion Revascularisation: 
Target lesion revascularisation is defined as any repeat percutaneous intervention of the target lesion or 
bypass surgery of the target vessel performed for restenosis or other complication of the target lesion 
treatment. The target lesion is defined as the treated segment from 5mm proximal to the stent and to 
5mm distal to the stent. 
 
Positive Exercise Test8: 
A positive test is where there was greater than or equal to 1mm of horizontal or downsloping ST-segment 
depression or elevation for at least 60 to 80 milliseconds after the end of the QRS complex as 
recommended in the AHA/ACC guidelines.  A negative test is absence of ST change with adequate exercise 
duration and HR response. An inconclusive test is where the ST segment change failed to reach at least 
1mm or the exercise time or heart rate response was deemed inadequate. 
 
Positive Family history9: 
A family history is considered to be positive when there is premature coronary artery disease present in 
first-degree relatives <55 years in men and <65 years in women. 
 
Hypertension10: 
Systolic blood pressure of at least 140 mm Hg, diastolic blood pressure of at least 90 mm Hg (at > 1 
occasion) or current medication with blood pressure lowering drugs. 
 

Journal of the American College of Cardiology. 

European Heart 
Journal.

JAMA.
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Smoking4: 
Current smoking 
 
Diabetes mellitus4: 
Clinical report/diagnosis of diabetes mellitus. 
 
Hyperlipidaemia11: 
Hypercholesterolemia was defined as either a serum total cholesterol concentration >6.47mmol/L or 
patient on medication for hyperlipidaemia. 
 
Angina Status (CCS classification): 

• Class I: Ordinary activity (e.g. walking, climbing stairs at own pace) does not bring on angina. 
Angina occurs only with strenuous, rapid, or prolonged exertion at work or during recreation.  

• Class II: Slight limitation of ordinary activity. 
Symptoms occur when walking or climbing stairs rapidly, walking up a hill, walking up stairs after a meal, in 
cold weather, in wind, or when under emotional stress, or only a few hours after waking, and climbing 
more than one flight of ordinary stairs at a normal pace and in normal conditions.  

• Class III: Marked limitation of ordinary activity. 
Symptoms occur after walking 50-100 yards on the level, or climbing more than one flight of ordinary stairs 
in normal conditions.  

• Class IV: Inability to carry on any physical activity without discomfort. 
Angina may be present at rest.  
 
Heart Failure Classification (New York Heart Association Functional Classification)12: 

• Class I: No Limitation of physical activity. Ordinary physical activity does not cause undue fatigue, 
palpitation or dyspnea 

• Class II: Slight limitation of physical activity. Comfortable at rest, but ordinary physical activity 
results in fatigue, palpitation or dyspnea. 

• Class III: Marked limitation of physical activity. Comfortable at rest, but less than ordinary activity 
causes fatigue, palpitation or dyspnea. 

• Class IV: Unable to carry out any physical activity without discomfort. Symptoms of cardiac 
insufficiency may be present, even at rest. If any physical activity is undertaken, discomfort is 
increased. 

 
Death: 
Classified into two categories, cardiovascular and non-cardiovascular. 
 
Cardiovascular  

• Fatal Myocardial Infarction 
• Heart failure 
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• Acute Unexpected Death 
• Stroke 
• Pulmonary Embolism 
• Cardiovascular Procedure-Related 
• Other Cardiovascular 
• Unknown 

 
Non-Cardiovascular 

• Any other recorded cause of death 
  



                 

CE-MARC 2
Page 62 of 191

5. BACKGROUND 
Coronary heart disease (CHD) is a leading cause of death and disability worldwide [1]. In the UK, there are 
an estimated 1.98 million people suffering with symptoms of angina, which costs the UK economy £9.0 
billion/yr [2]. From a patient perspective CHD is associated with either premature loss of life or a significant 
reduction in quality of life. The disease tends to run in families and exemplifies inequalities in health: lower 
socio-economic classes and ethnic minorities are particularly affected. Despite the continued high disease 
prevalence in the UK, over 10 years ago the National Service Framework on CHD recognised that ‘research 
findings were incompletely and variably applied in clinical practice and that there was an urgent need to 
correct this in the prevention, diagnosis and treatment of CHD’ [3]. It is well accepted that a variety of 
investigations may be used to diagnose CHD and to determine the need for coronary revascularisation. 
Increasingly non-invasive imaging tests are replacing exercise treadmill testing (ETT) in decision making. 
This is in part due to its limited diagnostic accuracy as exemplified in the current NICE guidelines (Chest 
pain of recent onset: Assessment and investigation of recent onset chest pain or discomfort of suspected 
cardiac origin. CG95.) [4]. A quoted systematic review in CG95 identified 147 studies (24,074 patients) 
which used coronary angiography as the reference standard for the diagnostic performance of ETT to 
detect CHD, and found that there was a wide range in sensitivities (weighted mean 68% (SD16), range 23% 
to 100%) and specificities (weighted mean 77% (SD17), range 17% to 100%; overall prevalence of CHD was 
high in this systematic review at 66%) [5]. On this basis the new NICE guidelines did not recommend ETT 
for CHD diagnosis (in patients with no prior history of CHD) when taking into account the superior 
diagnostic performance of non-invasive imaging tests and a specifically performed cost effectiveness 
analysis. Non-invasive imaging tests used for the diagnosis of CHD include single-photon emission 
computed tomography (SPECT), stress echocardiography, cardiovascular magnetic resonance (CMR) 
imaging and cardiac computed tomography (CT). Each will be briefly considered here in terms of their 
diagnostic accuracy and also their limitations.  
 
1) SPECT is the most commonly used test world-wide for the assessment of myocardial ischaemia (e.g. in 
the USA 9.3 million SPECT scans were performed in 2002) [6]. Prior studies and systematic reviews of the 
diagnostic accuracy of SPECT have found a wide range of both sensitivity (63-93%) and specificity (10-90%) 
for the diagnosis of CHD compared to X-ray angiography [7-9]. The NICE technology appraisal (TA073) 
reported a weighted mean sensitivity and specificity for SPECT of 86% and 74% respectively [10]. 
Advantages include the fact that SPECT is widely available, there is a large body of evidence supporting its 
prognostic value and scanning equipment is relatively open so that claustrophobia is extremely 
uncommon. The disadvantages of SPECT compared with the other functional imaging techniques are that it 
involves a significant radiation dose and typically requires attendance on two separate days for a rest and 
stress examination (total dose 6-8mSv). Further limitations relate to breast attenuation in women and 
attenuation due to abdominal obesity.  
 
2) Stress echocardiography examines the contractile response to dobutamine (or exercise) allowing 
identification of wall motion abnormalities induced by ischaemia. Meta-analyses of systematic reviews on 
stress echocardiography for the diagnosis of CHD have shown the following pooled sensitivities and 
specificities: exercise sensitivity 82.7% (95%CI 80.2% to 85.2%) and specificity 84.0% (95%CI 80.4% to 
87.6%), dobutamine sensitivity 81.0% (95%CI 79.1% to 82.9%), and specificity 84.1% (95%CI 82.0% to 
86.1%). The combined pooled results for all the stress echocardiography studies were sensitivity 79.1% 
(95%CI 77.6% to 80.5%) and specificity 87.1% (95%CI 85.7% to 88.5%) [4, 11]. The lack of radiation 
exposure and wide availability of the equipment are major advantages. The disadvantages are that stress 
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echocardiography is difficult or impossible to use when the acoustic window is poor (e.g. obese patients, 
chronic obstructive pulmonary disease or chest deformity) and accuracy is highly observer dependent.  
 
3) CMR examines either dynamic first pass perfusion for inducible perfusion defects during adenosine 
stress, or dobutamine-stress induced wall motion abnormalities, either of which can indicate underlying 
myocardial ischaemia. Combining pharmacological stress CMR with delineation of infarct-related scar by 
late gadolinium enhancement imaging also allows clear distinction between infarcted and viable 
myocardium. A recent systematic review of the diagnostic performance of stress CMR (vasodilator and 
inotropic stress) to detect CHD identified 37 studies with a total of 1918 patients in the final analyses. 
Stress perfusion CMR had a sensitivity of 91% (95%CI 88% to 94%) and specificity of 81% (95%CI 77% to 
85%) [12]. More recently, in a meta-analysis of stress perfusion CMR the overall patient based analysis 
from 26 studies demonstrated a sensitivity of 89% (95% CI: 88-91%) and a specificity of 80% (95% CI: 78-
83%). Adenosine stress perfusion CMR had better sensitivity than with dipyridamole (90% (88-92%) vs. 86% 
(80-90%), P=0.022), and a tendency to a better specificity (81% (78-84%) vs. 77% (71-82%), P=0.065) [13]. 
The key advantages of CMR are the lack of radiation exposure and the combination of ischaemia and scar 
assessment with very high spatial resolution and tissue contrast. Disadvantages are that CMR is 
contraindicated in patients with ferromagnetic magnetic intracranial clips, metallic intraocular foreign 
bodies, and some cardiac pacemakers. CMR can also be claustrophobic (~3% refusal) although some of 
these patients subsequently have the investigation with sedation.  
 
4) Multi-slice cardiac CT coronary angiography provides a non-invasive image of the coronary artery 
lumen and vessel wall after the injection of an iodinated contrast agent. A recent multi-centre trial in 230 
‘highly selected’ patients (already referred for invasive angiography) demonstrated a sensitivity, specificity, 
and positive and negative predictive values to detect 70% angiographic stenosis of 94%, 83%, 48%, 99%, 
respectively, on a per patient basis [14]. A systematic review of the diagnostic performance of 64-slice CT 
coronary angiography compared with invasive coronary angiography identified 15 studies with a high 
overall CHD prevalence of 74% (95%CI 64% to 84%). By per-patient analysis sensitivity, specificity PPV and 
NPV were 97% (95%CI 94% to 99%) and 88% (95%CI 79% to 97%), 94% (95%CI 91% to 97%) and 95% 
(95%CI 90% to 99%), respectively [15]. The advantages of cardiac CT are that the test is fast (image 
acquisition takes a few seconds) and that it is non-invasive. The main limitations of cardiac CT are;- 
(a) It is regarded as a moderate radiation exposure technique (5-15mSv), even in expert centres [16], 
although with emerging technical developments, the radiation doses are expected to be substantially 
reduced. Currently, estimated lifetime attributable risk of cancer incidence from a single 64- slice CT 
coronary angiogram using simulation models found that cancer risk varied markedly with age and gender. 
Younger subjects and women (who are just the sort of low CHD risk subject who may be recommended for 
CT) had a considerably greater risk compared with men and older subjects. For example, a woman aged 20 
years had estimated lifetime attributable risk of 1 in 143 (0.70%) while a man aged 20 years had estimated 
lifetime attributable risk of 1 in 686 (0.15%) [17].  
(b) CT coronary angiography has poor correlation with coronary angiography in calcified vessels (as 
extensive calcification obscures the coronary lumen). 
(c) CT coronary angiography has poor correlation with coronary angiography for quantifying stenosis 
severity when >50%. 
(d) CT coronary angiography provides no routine functional assessment of myocardial ischaemia (see 
anatomical vs. functional imaging below).  
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Anatomical vs. functional imaging  
Having considered above the different non-invasive diagnostic imaging modalities it is of fundamental 
importance to appreciate the difference between anatomical (cardiac CT) and functional imaging (CMR, 
SPECT, Stress echo). Only the latter modalities can identify myocardial ischaemia. This is relevant because 
there is a high prevalence of non-obstructive and functionally unimportant CHD in the population, which 
can benefit only from life style and risk factor modification, not revascularisation. However, myocardial 
ischaemia if present affects outcome [18-21]. Hence international guidelines now recommend that all 
revascularisation decisions in patients with stable CHD should be based on functional tests, not simply 
anatomical lesion assessment [22]. In this regard invasive angiography is a poor ‘reference standard’ for 
determining coronary artery lesion significance. The FAME study elegantly demonstrated that from visual 
analysis, angiography was inaccurate in assessing the functional significance of a coronary stenosis when 
compared with fractional flow reserve (FFR), not only in the 50% to 70% category but also in the 70% to 
90% angiographic severity category [23]. To further emphasise the dichotomy between anatomical and 
functional assessment, recent studies have also demonstrated the poor correlation between cardiac CT 
determined lesion severity and the FFR determined haemodynamic significance of a coronary lesion 
(diagnostic accuracy only 49%, kappa value 0.16) [24]. Furthermore, the natural history of CHD as recently 
described in the PROSPECT trial [25] found that angiographic stenosis severity was not a multivariable 
predictor of clinical outcome and in fact, at least half of the stenoses which were causally implicated in 
future cardiovascular events were deemed ‘non-significant’ at initial angiography. Taken together, the 
PROSPECT findings call into question the prognostic value of coronary angiography. Thus to summarise, 
detection of ischaemia (not ‘lesions’) is prognostically important and revascularisation decisions should be 
based on the presence of ischaemia.  
 
Current Practice  
Whilst the NICE guidelines (CG95) have provided a structured and evidence-based approach to the 
diagnosis of patients with chest pain, they are not without problems, and have caused some concern in the 
cardiology community [26]. In essence, the guidelines recommend invasive angiography as the most cost-
effective first test if the likelihood of CHD is 61-90%, non-invasive functional testing (SPECT, stress 
echocardiography or stress CMR) if the likelihood of CHD is 30-60%, CT scanning (with 64 slices or above) if 
the likelihood of CHD is 10-29% or no further testing if the likelihood of CHD is low (<10%) [4]. One of the 
major concerns is that they have separated out diagnosis from patient management by not more broadly 
considering ischaemia assessment. In addition there are major resource implications if these guidelines are 
adopted. Paradoxically it has been shown that adopting these guidelines could lead to an increase in 
invasive coronary angiography rates of between 20-28% over current levels [26], at a time when we are 
aware that coronary angiography rates are already too high (see below). Despite widespread availability of 
non-invasive imaging, patients with suspected CHD still very often end up having invasive coronary 
angiography. Principally this is to identify those with significant coronary artery atheroma that may benefit 
prognostically and symptomatically from revascularisation, whether by percutaneous coronary 
intervention (PCI) or coronary artery bypass grafting (CABG). It is well accepted that invasive angiography is 
associated with small but important procedural risks, which occasionally can be a deterrent, leading 
patients to decline appropriate investigation. The most serious complications of invasive coronary 
angiography include death (0.1 to 0.2%), non fatal MI (0.1%) and cerebrovascular events (0.1%), with an 
overall risk of all major complications quoted at ~1.7% [27]. Much more commonly patients undergo 
invasive angiography and do not require revascularisation (prognostic benefit only being derived from 
primary prevention). For example, according to the 2008-9 Hospital Episode Statistics data for England, the 
procedural figures for stable elective CHD patients were: diagnostic coronary angiography (119,954), 
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coronary angioplasty (30,727) and heart bypass operations (18,232). These data suggest that in England 
alone approximately 71,000 (60%) stable CHD patients underwent diagnostic coronary angiography but did 
not proceed to coronary revascularisation. These patients could be considered to have unnecessarily taken 
on the risk of an invasive procedure, as there turned out to be no indication for revascularisation. These 
data are further supported by figures from the American College of Cardiology National Cardiovascular 
Data Registry. From January 2004 through April 2008, at 663 hospitals, 398,978 patients were identified 
without known CHD that underwent elective catheterisation. At angiography, only 149,739 patients 
(37.6%) had obstructive coronary artery disease leading the authors to conclude that “current strategies 
that are used to inform decisions regarding invasive angiography, including clinical assessment of risk and 
non-invasive testing, need to be improved substantially to increase the diagnostic yield of cardiac 
catheterization in routine clinical practice” [28]. 
 
These figures should rightly concern us, not only from a patient perspective but also in terms of inefficient 
resource utilisation in a financially constrained national health service (NHS). To illustrate the latter point, 
even if only half of those invasive angiograms (national tariff £1,385) in 2008-9 that did not lead to 
revascularisation could be avoided, there would be the potential to reduce NHS expenditure in England 
alone by ~£49m (real saving of ~£34m when the cost of additional non-invasive imaging is factored in (e.g. 
CMR at a tariff of ~£450).  
 
CMR imaging  
Considering CMR in more detail, it is predicted to be the fastest growing imaging modality in the next 10yrs 
and the National Horizon Scanning Centre suggested it may become the preferred option for myocardial 
perfusion imaging (2007) [29]. CMR has gained acceptance across the cardiology community and may 
become first choice for the investigation of myocardial ischaemia and viability. The evidence base for CMR 
in CHD investigation is currently at the 1.5Tesla (T) field strength. A few small single centre studies have 
shown either comparable or superior diagnostic accuracy of stress CMR compared to SPECT [30,31]. A 
recent meta-analysis of stress CMR has shown a high diagnostic accuracy compared to X-ray angiography 
(sensitivity 91%, specificity 81%) [12]. Two large scale diagnostic accuracy studies of CMR (MR IMPACT-2 
and CE-MARC) have also recently been completed. MR IMPACT-2 was a multi-centre study of 1.5T CMR vs. 
SPECT in 533 patients with suspected CHD. . The study showed superior sensitivity but inferior specificity of 
CMR compared with gated SPECT [32]. Our own British Heart Foundation funded CE-MARC trial is the 
largest study of the diagnostic accuracy of a comprehensive CMR protocol compared to X-ray angiography. 
The main secondary end point was to compare CMR to SPECT, the latter being the accepted reference 

standard myocardial perfusion imaging technique. All patients by 
protocol were required to undergo CMR, SPECT and invasive 
angiography, regardless of clinical intention. This avoided the limitation 
of many previous SPECT and CMR studies of enrolling highly selected 
patient cohorts already listed for coronary angiography. We recruited 
752 patients in 3 years from a single site. For the primary outcome 
analysis the sensitivity of CMR was 86.5% (95%CI: 81.8-90.1), specificity 
83.4% (95% CI: 79.5-86.7), positive predictive value (PPV) 77.2% (95%CI: 
72.1-81.6) and negative predictive value (NPV) 90.5% (95%CI: 87.1-
93.0). For the secondary outcome analysis the sensitivity of SPECT was 
66.5% (95%CI: 60.4-72.1), specificity 82.6% (95%CI: 78.5-86.1), PPV 
71.4% (95%CI: 65.3-76.9) and NPV 79.1% (95%CI: 74.8-82.8). The 
differences between the sensitivity and NPV of CMR and SPECT were 
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significant ( 2=31.18, 1df. P<0.001 and 2=32.62, 1df. P<0.001) but not for specificity and PPV ( 2=0.04, 
1df. P=0.916 and 2=3.52, 1df. P=0.061). From receiver operator characteristic curve analysis, we have 
shown that stress CMR (AUC: 0.89, 95%CI 0.86-0.91) significantly out-performed SPECT (AUC: 0.74, 95%CI 
0.70- 0.78) (P<0.001) [33]. Within the last year a new CMR study has been initiated (MR-INFORM), for 
which we are a recruiting centre. This is an international multi-centre trial at the 1.5T field strength, 
designed to compare a strategy of MR guided care vs. FFR guided care in patients with class II or III angina 
pectoris and high cardiovascular risk or a positive exercise treadmill test. MR-INFORM will thus address 
questions that are complementary to those that will be the focus of CE-MARC 2. Given its inclusion criteria, 
MR-INFORM will recruit a patient population with a high pre-test probability of CHD, most of whom would 
by current NICE guidance be directly referred for invasive coronary angiography. In these higher-risk 
patients, MR-INFORM will determine if non-invasive imaging by CMR can be an alternative to invasive 
testing. The sample size of 918 patients in MR-INFORM may not be sufficient to determine a difference in 
the ‘hard’ combined primary endpoint of death, MI and repeat revascularisation, but will gather important 
prognostic data for CMR in high-risk patients. CE-MARC 2 will recruit a broad spectrum of patients, 
representative of real-world practice, who would currently be referred for invasive or non-invasive imaging 
as a first-line investigation. CE-MARC 2 will thus test the NICE guideline strategy in its entirety. As is 
desirable for this patient group, CE-MARC 2 will have a primary endpoint of avoiding unnecessary invasive 
testing, for which it is appropriately powered to test this outcome and in addition will provide prognostic 
data for the low and intermediate risk groups complementary to MR-INFORM. Recently, CMR imaging at 
the higher field strength of 3Tesla has been shown to offer significant benefits in terms of increased signal-
to-noise ratios (SNR), which allows improvements in spatial and/or temporal resolution. This is particularly 
relevant for cardiac imaging and may translate into improved diagnostic accuracy. We and others, in small 
single centre studies, have demonstrated the potential superiority of 3T vs. 1.5T CMR for the assessment of 
myocardial ischaemia [34,35]. Furthermore, previous shortcomings seen at 3T such as susceptibility and 
radio frequency (RF) artefacts have been largely addressed and are no longer a significant obstacle. 
Importantly, 3T MR systems are becoming widely available in the NHS as they have a well established 
clinical role for neurological and musculoskeletal imaging (although not yet cardiovascular imaging). 
Indeed, many believe now that ultimately 3T MR will replace 1.5T MR as the clinical standard, at least for 
ischaemia studies. This however needs to be evidenced, both in terms of a robust clinical evaluation of 3T 
CMR and also a health economic analysis.  
 
Purpose of CE-MARC 2  
Based on the above evidence, we believe that the cardiology community requires an appropriately 
powered, randomised controlled trial of non-invasive ischaemia assessment (functional imaging) to 
determine diagnosis and patient management. We know that invasive angiography rates are already too 
high, and that they will increase further if the NICE guidelines (CG95) are followed. We know that from a 
previous small single centre trial (CECaT), that using functional testing (CMR, SPECT, stress echo) invasive 
angiography could be avoided in 20-25% of patients [36]. We also know that patients rightly want to avoid 
unnecessary angiography if at all possible, but to date no clinical trial has tested the safety of this type of 
strategy in terms of clinical outcome. Thus we propose the CE-MARC 2 trial, which would be a major 
advance from the simple and usually small diagnostic accuracy studies that are all too prevalent in the 
imaging literature. Having benchmarked the diagnostic performance of CMR and shown superiority against 
SPECT in the CE-MARC study [33], we now propose to evaluate 3T CMR prospectively in a three-arm trial to 
assess whether a CMR-guided management strategy is superior to current best clinical practice (based 
upon either the principles of NICE CG95 or AHA SPECT appropriateness criteria. This type of study would 
not previously have been acceptable to clinicians without the findings from CE-MARC defining its 
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diagnostic performance. It is of note that the widely used modality of SPECT has never been prospectively 
tested as we propose here for CMR.  
 
6. AIMS AND OBJECTIVES 
For the NHS, the objective of CE-MARC 2 is to provide robust evidence of:  
a) Potential improvement in patient care/HRQoL/outcomes 
b) A strategy by which to reduce unnecessary invasive angiography (by a true replacement test rather than 
an additional test in the diagnostic pathway),  
c) Cost effectiveness of CMR in order to inform future NHS capital investment (as general MR systems are 
replaced this study will help inform key capital purchase decisions on whether a 3T system is justified for 
cardiovascular work). 
 
Hypothesis: 
3T CMR-guided management of patients with suspected CHD is superior to current clinical practice (based 
on either the principles of NICE CG95 or AHA appropriateness criteria for SPECT), in terms of avoiding 
unnecessary coronary angiography. Unnecessary angiography will include 1) any angiogram performed on 
the basis of a positive non-invasive test that then showed no flow-limiting stenoses (defined by an 
FFR>0.80) in an epicardial vessel 2.5mm in diameter; 2) any angiogram with normal FFR (>0.8) in those 
patients with high pre-test risk of CHD that have proceed directly to angiography; 3) Any angiogram 
performed due to failure of the strategy to produce a diagnosis (see section 15.1 Endpoint Definitions). 
Invasive FFR is now unequivocally considered the reference standard for determining ischaemia and 
guiding patient management (Level 1A recommendation, ESC Guidelines [37]). 
 
CE-MARC 2 will test this hypothesis via the following primary and secondary objectives: 
Primary Objectives:  

3) To determine if 3T CMR-guided care is superior to NICE guidelines-based management (CG95) in 
terms of reducing the rates of ‘unnecessary invasive angiography’ (defined by FFR >0.8) occurring 
within 12 months, in patients with a pre-test likelihood of CHD of 10-90%.  

4) To determine if 3T CMR-guided care is superior to SPECT-guided management (AHA 
appropriateness criteria for SPECT) in terms of reducing the rates of ‘unnecessary invasive 
angiography’ (defined by FFR >0.8) occurring within 12 months, in patients with a pre-test 
likelihood of CHD of 10-90%). 

 
Secondary Objectives:  
1) To determine if in high pre-test likelihood patients (61-90%), non-invasive imaging (CMR or SPECT) is 
superior to NICE guidelines-based management (i.e. direct to angiography), in terms of reducing the 
occurrence of ‘unnecessary invasive angiography’ (defined by FFR >0.8) within 12 months. 
 
2) To determine safety in terms of CV event rates (MACE defined as cardiovascular death, myocardial 
infarction, unplanned revascularisation, hospital admission for cardiovascular cause) at 3 years between 
the 3T CMR-guided care group and those receiving NICE guidelines-based management. 
 
3) To determine safety in terms of CV event rates (MACE defined as cardiovascular death, myocardial 
infarction, unplanned revascularisation, hospital admission for cardiovascular cause) at 3 years between 
the 3T CMR-guided care group and those receiving SPECT-guided management (according to AHA 
appropriateness criteria). 
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4) To evaluate the cost-effectiveness and impact on health-related quality-of-life measures (HRQoL) of a 3T 
CMR-guided care strategy compared to NICE guidelines-based management and to SPECT-guided 
management (AHA). 
 
 

7. DESIGN 
UK multi-centre, 3-arm parallel group, randomised controlled trial. A total of 1200 patients with suspected 
CHD will be randomised to receive either 3T CMR-guided care, SPECT-guided care or NICE guidelines-based 
management (CG95). Randomisation will be achieved using minimisation including a random element that 
will allocate patients on a 2:2:1 basis to CMR:SPECT:NICE-based management. The trial will not be blinded, 
as it will not be impossible to blind patients to their own management. The primary endpoint is 
unnecessary invasive coronary angiography occurring within 12 months. 
 
8. ELIGIBILITY  
Patients will be required to satisfy the following criteria. Eligibility waivers to the inclusion / exclusion 
criteria are NOT permitted. 
 
Inclusion Criteria 

Age 30yrs 
Suspected stable angina (CHD) that requires further investigation 
A defined pre-test risk of 10-90% (according to NICE guidelines CG95; 2010) 
Suitable for revascularisation if required 
Given written informed consent to participate in the trial 

 
Exclusion Criteria 

Non-anginal chest pain 
Normal SPECT/CCT within the last 2 years 
Clinically unstable  
Previous MI or biomarker positive ACS 

   Previous revascularisation with coronary artery bypass surgery or PCI  
Contraindication to CMR imaging (pacemaker, intra-orbital debris, intra-auricular implants, 
intracranial clips, severe claustrophobia) 
Contraindication to adenosine infusion (regular adenosine antagonist medication, significant 
reversible airways  disease, second or third degree atrio-ventricular heart block, sino-atrial disease) 

   Known adverse reaction to Adenosine or Gadolinium/iodinated contrast agents 
   Obesity (where body girth exceeds scanner diameter) 
   Pregnancy and breast feeding 
   Known chronic renal failure (eGFR <30mL/min/1.73m2) 
   Inability to give informed consent 
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9. RECRUITMENT PROCESS 
All patients referred to cardiology outpatient clinics in participating hospitals for the assessment of chest 
pain and suspected CHD will be considered as potentially eligible for this study. With permission from 
consultant colleagues, eligible patients will be identified from clinic referral letters and will be sent a 
patient information leaflet (PIS; Appendix 1) with their out-patient appointment letter prior to their clinic 
visit. 
 
At their out-patient appointment patients will be given a full verbal explanation of the study by a member 
of the attending clinical team, the CE-MARC 2 Clinical Research Nurse (CRN) or a member of the CEMARC 2 
clinical research team, for consideration. They will be given the opportunity to discuss the study and they 
will be asked whether they would be willing to take part in the CEMARC 2 Study. Patients who have not 
received the PIS prior to their clinic visit will be given the PIS to take home, and will be given at least 24 
hours (or longer if desired) to consider participating in the study. 
 
Some patients with suspected angina do not attend rapid access chest pain clinics, but rather they present 
directly to hospital and are admitted to cardiology wards. If these patients are stable and biomarker 
negative, they are usually discharged home within 24 hours, for further investigation as an outpatient. 
Patients who are admitted to cardiology wards in participating hospitals with suspected cardiac chest pain 
will be considered potentially eligible for this study. With permission from consultant colleagues, eligible 
patients will be identified from admission notes. The only patients who will be approached are those in 
whom an acute coronary syndrome has been excluded, and in whom the clinical plan is to discharge from 
hospital for further cardiac investigations as an outpatient. They will be given a full verbal explanation of 
the study and a study information leaflet. They will be given the opportunity to discuss the study and they 
will be asked whether they would be willing to take part in the CEMARC 2 Study.  
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9.1 RECRUITMENT SETTING 
This study will take place in tertiary care cardiology departments in collaboration with academic CMR 
research groups. Research centres will be required to have obtained local ethical and management 
approvals and undertake a site initiation meeting with the CTRU prior to the start of recruitment into the 
trial. All members of the CEMARC 2 research teams in participating centres will hold substantive or 
honorary contracts with their NHS hospital trust. 
 
9.2 SCREENING 
Participating research sites will be required to complete a log of all patients screened for eligibility. 
Anonymised information will be collected including: 

• age 
• gender 
• ethnicity  
• whether the patient is recruited or not recruited to the study 

 
Screened patients who are not recruited either because they are ineligible or because they decline 
participation will also have the following information recorded: 

• the reason not eligible for study participation OR 
• Where eligible, reason declined 

 
However, the right of the patient to refuse consent without giving reasons will be respected. This 
anonymised information will be returned to the Clinical Trials Research Unit (CTRU). 
 
9.3 INFORMED CONSENT AND ELIGIBILITY 
Prior to discussing the trial with potential participants, a brief medical history should be established by a 
member of the CEMARC 2 research team to check if there are any contraindications to any investigation 
they might undergo during the study or if any of the exclusion criteria apply. During discussion with 
potential participants a further check should be made to establish that all the inclusion criteria are met and 
none of the exclusion criteria apply.  
Assenting patients will be formally assessed for eligibility and invited to provide informed, written consent 
(Appendix 1). The assessment of eligibility and the informed consent process will be undertaken by the CRN 
or by a member of the CEMARC 2 research team who is qualified by training and / or experience in taking 
informed consent to good clinical practice (GCP) standards.  Informed, written consent for entry into the 
study must be obtained prior to randomization.  A copy of the consent form will be given to the patient, one 
will be filed in the patient’s clinical notes, and another will be returned to the CTRU. The original consent 
form will be filed in the study site file at the hospital. 
 
The patient will be free to withdraw from the study at any time without giving reasons and without 
prejudicing any further treatment/care. A copy of the consent form will be given to the patient and 
another will be returned to the CTRU. The original consent form will be filed in the study site file at the 
hospital. 
 
9.4 RANDOMISATION 
Randomisation to one of the three study arms will be performed centrally using the CTRU automated 24-
hour telephone randomisation system. Authorisation codes, provided by the CTRU, will be required to access 
the randomisation system. These activities will be performed by a member of the CEMARC 2 research team. 
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Patients who fulfil the eligibility and have given written informed consent will be randomised to one of the 
three study arms and will be allocated a study number. Pre-test likelihood will be determined by the treating 
clinician as per the NICE guidelines CG 95 (2010) (see appendix 1). 
 
Randomisations will be achieved using minimisation incorporating a random element, via a computer-
generated program, that will allocate patients in a 2:2:1 ratio between CMR:SPECT:NICE after taking account 
of the following factors, details of which will be required for randomisation: 

Randomising site 
Age (30-64, 65) 
Pre-test risk (10-29%, 30-60%, 61-90%) 
Gender 

 
 

10. TREATMENT PATHWAYS/INVESTIGATION DETAILS 
10.1 TREATMENT PATHWAYS/INVESTIGATION DETAILS 
All protocols for CMR, SPECT, cardiac CT, and FFR measurement will be standardised across recruitment 
sites. All non-invasive imaging tests results will be reported as per clinical routine, on-site, and according to 
international guidelines [39-42], and on the basis of these results, if non-invasive testing is positive for 
CAD, patients will by protocol proceed to invasive angiography. Where this does not happen, this will be 
considered a protocol violation and the reasons recorded.    
For quality assurance throughout the study up to 10% of images from all modalities at all sites may be dual reported 
in order to measure, and if necessary reduce, intra-observer and inter-observer variability.  This will involve reading 
and reporting by independent modality experts or a core laboratory service. 
CMR protocol: CMR will be performed on a clinical 3T scanner using a standard cardiac imaging receiver 
coil configuration. This will comprise: 

LV function (Cine) imaging in 4ch, VLA and SA (a stack of multiphase ventricular short axis cines 
using a fast gradient echo sequence to assess wall motion of the entire LV (10-12 slices; 30 phases; 
8/0mm). 
Adenosine stress (140–210 mcg/kg/min for up to 5 min) and rest perfusion imaging. Blood pressure 
will be recorded every two minutes and the ECG rhythm monitored. First-pass contrast-enhanced 
study using a dual-bolus intravenous injection of non-ionic gadolinium based contrast agent (e.g. 
0.01/0.1mmol/kg at 4ml/s; Gadovist; maximum cumulative dose 0.2mmol/kg). A 2D, T1-weighted 
saturation-recovery-prepared gradient echo sequence image will be used to assess myocardial 
perfusion in 3-4 short axis slices, using either parallel imaging acceleration (SENSE or GRAPPA), or 
spatio-temporal undersampling (5x kt BLAST) in order to maximise in-plane spatial resolution 
(ideally at least 1.6x1.6mm); the exact approach will be vendor specific. Adenosine will be used at 
140mcg/kg/min initially; if after 2min there are no symptoms and the heart rate increase is <10%, 
then the dose can be increased up to 210mcg/kg/min for a further 2-3 min prior to imaging.  
Late gadolinium enhancement. This will be an adaptation of the validated CE-MARC protocol [43] 
for 3T CMR use, planned in the same geometry as the cine (LV) images.   
Coronary artery MRA (3D whole heart, free breathing, coronary MR angiography; following s/l GTN 
spray and abdominal belt application) will be an optional component at each trial centre but will 
not be included in the main trial analysis, as this component when evaluated in CE-MARC did not 
aid diagnostic discrimination [33], and is not part of normal clinical routine. 
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CMR analysis will be both visual and quantitative. Local on-site reporting will include: any regional wall 
motion abnormality (by visual analysis using the 17-segment AHA model); each segment scored as 0 
(normal), 1 (mild hypokinesia), 2 (severe hypokinesia), 3 (akinesia), or 4 (dyskinesia). Hypoperfusion 
(ischaemia) will be assessed by visual comparison of stress and rest CMR perfusion scans (16 segments of 
the 17 segment AHA/ACC model, excluding the apical cap segment) with scores of 0 (normal), 1 
(equivocal), 2 (non-transmural ischaemia <50%), 3 (non-transmural ischaemia 50%), 4 (transmural 
ischaemia). Any infarct (scar) will be reported based on the late gadolinium-enhancement images (17 
segment model) with scores of 0 (none), 1 (1–25%), 2 (26–50%), 3 (51–75%), or 4 (>75%) for each segment. 
 
The CMR report will include details on LV function, ischaemia and scar (MI) tissue. A positive result ( 2 
adjacent segments (or 60 degree arc-equivalent if the defect crosses segmental boundaries) with 50% 
transmural extent of ischaemia, scar, or ischaemia-scar combination) will by protocol necessitate invasive 
angiography and FFR. There may be instances whereby the responsible cardiologist (providing usual care) 
may over-rule this decision, in which case this will be recorded as a protocol violation. Handling of this 
situation will be defined in the statistical plan and will be based on both intention-to-treat principles and 
per-protocol analyses.  All CMR scans will be anonymised and sent to the lead site for future quantitative 
analysis. 
 
 
SPECT protocol: Radionuclide imaging will be performed as per the Nuclear Cardiology Department 
guidelines. The radioisotope tracers 99mTc tetrofosmin or sestamibi (MYOVIEW™; CARDIOLITE™) will be 
used for stress and rest imaging (standard dose of 400MBq for each examination; adjusted by weight up to 
a maximum of 1000MBq per examination). Stress and rest studies will ideally be carried out within 5 days 
of each other; if the stress study is unequivocally normal there is the option not to perform the rest study 
as per normal departmental practice. Again, depending on departmental practice, stress imaging will be 
performed either, a) using treadmill or bicycle exercise as default, with adenosine stress for those who 
cannot exercise or with LBBB; b) using intravenous adenosine for up to 6 minutes (tracer injected 3 min 
before termination of adenosine); where possible this could be combined with sub-maximal exercise. 
Adenosine will be used at 140mcg/kg/min initially; if after 2min there are no symptoms and the heart rate 
increase is <10%, then the dose can be increased up to 210mcg/kg/min. Stress and rest images will be 
gated (16-frame gating for all acquisitions) to the ECG and attenuation correction will be used where 
routinely available.  
 
Evidence of inducible or fixed hypoperfusion will be recorded by visual comparison of stress and rest SPECT 
perfusion scans (17-segment AHA/ACC model; a score of 0 [normal], 1 [mildly reduced], 2 [moderately 
reduced], 3 [severely reduced], or 4 [absent] will be assigned to each segment). According to usual clinical 
practice, the diagnosis will be made on the basis of all available SPECT data—i.e. rest and stress perfusion, 
wall motion, and ventricular volumes. A positive SPECT result will be recorded when the Summed Stress 
Score is 4 (e.g. 2 out of 17 segments with moderate (score 2) reduction) and will by protocol necessitate 
invasive angiography and FFR (unless this is believed to represent attenuation artefact). There may be 
instances whereby the responsible cardiologist (providing usual care) may over-rule this decision, in which 
case this will be recorded as a protocol violation. All SPECT scans will be anonymised and sent to the lead 
site for future quantitative analysis. 
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Cardiac CT protocol: For people with chest pain and who have an estimated pre-test likelihood of CAD of 
10–29% (see CG95) offer CT calcium scoring. If the calcium score is:  
•zero, consider other causes of chest pain;   
•1–400, offer 64-slice (or above) CT coronary angiography  
•Greater than 400, offer invasive coronary angiography 
 
CTCA will be performed on a minimum 64-slice multi-detected CT (MDCT). A coronary calcium scan will be 
performed using prospective gating according to the standard departmental practice. A minimum scan 
length (z-axis distance) will be used (tracheal bifurcation to the inferior aspect of the heart). A diastolic or 
systolic phase acquisition can be used depending on the patient’s heart rate with a widened data 
acquisition window if required, according to the local departmental protocol. 
 
To enable low radiation dose and high image quality CTCA, participants require a heart rate <65bpm 
(ideally <60bpm). Intravenous beta-blockers will be administered (e.g. 5 to 60mg of intravenous 
metoprolol in 2.5mg aliquots, or equivalent dependant on standard departmental protocols) to achieve 
target heart rate; some centres may use oral beta-blockers to achieve heart rate control, which is 
acceptable if this is standard departmental practice. Short acting sublingual nitrates will be used prior to 
the scan in the absence of a contraindication.  
 
CTCA will be performed with a prospective gating technique, where possible, using the minimum scan 
range planned from the coronary calcium scan. Typical scan parameters: 0.625mm collimation, pitch 0.2-
0.4, 100-120kVp and 400-830mAs (adjusted according to BMI). If retrospective gating is required, because 
of poor heart rate control, ECG dose modulation will be used to minimize radiation dose. For CTCA, 60–
120ml of iodinated contrast agent will be administered at a flow rate of 4.5-6.5 ml/s followed by a bolus of 
normal saline (e.g. 50ml, 5ml/s) during an acquisition with inspiratory breath-hold (10-15 seconds). Either a 
test bolus or a bolus tracking technique may be used. The acquisition window will be centred at end-
diastole or end-systole in some cases at the discretion of the attending radiologist/cardiologist. In those 
with variable heart rates time interval padding centred around 60% of the R-R interval may be used to 
allow reconstruction of both the systolic and diastolic phase datasets.  The exact scan parameters and 
radiation reduction algorithms used will be dependent on the hardware vendor. 
 
As per CMR and SPECT, a positive result (CAC>400; any CTCA lesion 50% in an epicardial coronary artery 

2.5mm diameter) will by protocol necessitate invasive angiography and FFR. There may be instances 
whereby the responsible cardiologist (providing usual care) may over-rule this decision, in which case this 
will be recorded as a protocol violation. All CT scans will be anonymised and sent to the lead site for future 
quantitative analysis. 
 
 
Angiography and FFR protocol: Angiography will be performed using a standard technique (radial or 
femoral approach) by the consultant cardiologist (or designated member of the clinical team) responsible 
for the individual patients’ care. A digital copy of the images will be made for off-line quantitative coronary 
angiography (QCA) analysis by a single blinded observer. FFR (Radi pressure wire) will be performed in all 
vessels 2.5mm with stenosis 40% and 90%, following intra-coronary nitrates, using i.v. adenosine at 
140-210mcg/kg/min to achieve maximal hyperaemia and haemodynamic steady state, such that pull back 
assessment of diffuse disease or serial stenoses can be made. Adenosine will be used at 140mcg/kg/min 
initially; if after 3min there are no symptoms and the heart rate increase is <10%, then the dose can be 
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increased to 210mcg/kg/min for a further 2 min. All measurements will be made using the 'CFR screen' on 
the RadiAnalyzer Xpress Instrument (St Jude Medical). CFR, IMR and FFR will be measured simultaneously. 
CFR and IMR are measured with injection of 3 ml bolus injection of saline at rest and during adenosine-
induced hyperaemia. In patients undergoing PCI, these measurements will be repeated at the end of PCI 
(and include wedge pressure during PCI). Because FFR cannot be measured in a totally occluded artery a 
default FFR value of 0.50 will be recorded in such cases; for lesions >90% FFR will also be considered 
positive (0.50) and for lesions <40% FFR will be considered normal (0.90)[23]. In the small number of 
patients where FFR cannot be performed for clinical/safety reasons, if a coronary artery segment ( 2.5mm 
in diameter) analysed by QCA has a stenosis value of 70% in one view or 50% in 2 orthogonal views then 
this shall be taken to be evidence of flow-limiting stenosis, and shall count towards determining that an 
angiogram was necessary. All QCA, CFR, IMR, FFR and associated physiological measurements, and relevant 
angiographic images will be anonymised and sent to the Glasgow Angiographic core lab for future 
quantitative analysis. 
 
Crossover between trial arms: this situation is unlikely to arise clinically, as current NICE guidelines and 
indeed clinical practice, do not support the practice of performing multiple non-invasive functional imaging 
tests. Typically, in the case of diagnostic doubt from a non-invasive test, usual practice is to proceed to 
confirm coronary artery anatomy by invasive angiography. If there is a cross over between investigation 
arms, then individual patients’ study results will be analysed by intention-to-treat principles.  
 
10.2 WITHDRAWAL OF TREATMENT 
The patient will be free to withdraw from the study at any time without giving reasons and without 
prejudicing any further treatment/care.  
 
In line with usual clinical care, cessation or alteration of regimens at any time will be at the discretion of 
attending clinical teams or the patients themselves. Where patients wish to withdraw from the study, 
clarification of the extent of withdrawal will be sought and documented in the CRF, that is whether 
patients are withdrawing from the randomised tests and/or follow up. 
 
Patients who withdraw from the study will continue to receive usual care in the cardiology clinic. 
 
 
11. ASSESSMENTS/SAMPLES/DATA COLLECTION 
Participating sites will be expected to maintain a file of essential trial documentation 
(Investigator Site File), which will be provided by the CTRU, and to keep copies of all completed Case 
Report Forms (CRFs) for the trial. 
 
SUBMISSION OF TRIAL DATA 
Case Report Forms 
Trial data will be recorded by trial site research staff on trial-specific paper CRFs and submitted by post to 
the CTRU at the University of Leeds. Only the participant’s trial number plus date of birth and initials will be 
added to CRFs in order to identify the participant. Trial sites are responsible for obliterating all other 
personal identifiable data prior to sending CRFs and any other reports to the CTRU. Following receipt, the 
CTRU will contact trial sites to resolve any missing or discrepant data queries. 
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RANDOMISATION AND BASELINE DATA 

Patients who meet the inclusion criteria and provide informed written consent will be randomised to the 
trial. The CEMARC2 CRN or member of the CEMARC2 clinical research team will provide details at 
randomisation including: 

Patient gender 
Date of birth 
Pre-test likelihood of CHD 
Confirmation and date of written consent 
Confirmation of eligibility 
Centre 
Treating clinician 

 
The CEMARC2 CRN or member of the CEMARC2 clinical research team will also record additional baseline 
information including: 
 
Contact details  

NHS ID 
Hospital ID 
Patient name, address and telephone number(s) 
Patient email address if available 
GP name, address, fax and telephone number 

 
Baseline characteristics 

Date of clinic visit 
Ethnicity 
Nature/quality of chest pain symptoms (typical, atypical) 
Angina Status (CCS classification) 
Pre-test likelihood of CHD 
Blood pressure 
Heart rate 
12-lead ECG 
Past medical history including: diabetes mellitus (Type-1 or Type-2) hypertension, hyperlipidaemia, 
family history, cerebrovascular disease, peripheral vascular disease. 
Smoking history  
Height, weight and waist circumference 
Bra size (for female patients) 
Routine haematology including: Hb, WBC and Platelets 
Routine bloods: HbA1C, glucose & biochemistry including: total cholesterol (LDL, HDL, triglycerides), 
potassium, sodium, urea and creatinine, eGFR. 
All cardiovascular drug treatment prior to clinic attendance  
All cardiovascular drug treatment after clinic attendance. 
Exercise Treadmill Test (if performed): positive, negative or equivocal. 

 
QOL Questionnaires. The following patient-completed questionnaires will be administered and completed 
in clinic: 
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Seattle Angina Questionnaire (SAQ) UK version 
Medical Outcomes Survey Short Form 12 (SF12v2) 
EuroQol 5-dimensions (EQ-5D 3L & 5L) 

 
Diagnostic tests 

CMR: An experienced and trained CMR consultant cardiologist/radiologist will record the following 
details from the CMR: 

Date of investigation (If investigation not carried out, reason). 
Scan parameters and timing of protocol stages. 
Haemodynamic and symptomatic response to adenosine.  
Comparison of rest/ stress perfusion scan based on the standard 17-segment AHA/ACC model. 
End systolic/diastolic volumes/ejection fraction. Wall motion scores (17-segment model). 
Evidence of scar tissue (17 segment model) 
Complications 
Diagnosis including other findings (cardiac and non-cardiac) 
Recommendation for angiography or medical management) 

 
SPECT: An experienced and trained consultant Cardiologist/Radiologist will record the following 

details from the SPECT: 
Date of investigation (If investigation not carried out, reason) 
Haemodynamic and symptomatic response to adenosine. Comparison of rest/ stress perfusion 
scan based on the standard 17-segment AHA/ACC model. Ventricular volumes, ejection fraction 
and wall motion scores (17 segment model). 
Complications, protocol violations and/or artefacts 
Diagnosis 
Recommendation for angiography or medical management) 

 
CT Coronary Angiography: An experienced and trained consultant Radiologist/Cardiologist will 
record the following details from the CT Coronary Angiography: 
• Date of investigation (If investigation not carried out, reason) 
• Diagnostic image quality  
• CAC score (overall and artery specific) 
• All coronary artery stenoses in all major epicardial coronary arteries ( 2.5mm). 
• kV, mA, DLP and effective dose 
• Body Mass Index 

Complications, protocol violations and/or artefacts 
Diagnosis including other findings (cardiac and non-cardiac) 
Recommendation for angiography or medical management) 

 
X-ray Angiography: An experienced and trained consultant interventional Cardiologist will record 

the following details from the x-ray angiogram/FFR procedure: 
Date of investigation (If investigation not carried out, reason) 
Indication for angiography 
Off-line analysis for location and percentage of stenosis in each of the main coronary arteries. 
Coronary artery dominance. 
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Fractional Flow Reserve will be performed in each vessel 2.5mm in diameter with a visual 
stenosis severity of 40% and 90%; Stenoses >90% will be considered to have an FFR value of 
0.5; stenoses <40% will be considered normal (FFR 0.90).  
Ventricular function/regional wall motion abnormalities.  
Complications, protocol violations.  
Diagnosis 
Revascularisation (PCI, CABG: including revascularised vessels(s) 

 
Follow-up 
Annual follow-up for cardiovascular events over 3 years will be undertaken by the CEMARC2 CRN who will 
record the following: 

Death (including cause) 
Major cardiovascular events (see below) 
Withdrawal (including reason) 

 
Annual follow–up will be carried out by collecting data from hospital and GP records, Hospital Episode 
Statistics (HES) and, in case of death, the Health and Social Care Information Service (HSCIC). If required a 
follow-up telephone call to the patient may be made. Follow up will include procedural safeguards to 
establish survival prior to any follow-up telephone call.  
 
Information to be obtained includes: 

Medical history since randomisation including: Acute Coronary Syndrome, planned or unplanned 
revascularisation procedure (PCI with or without stenting, CABG), any admission for CV cause including 
heart failure, cardiac arrhythmia, suspected cardiac event, acute CHD hospitalisation, stroke/TIA 
(cerebrovascular). This data will be verified by the CEMARC CRN from hospital records or from GP 
records. 
Details of any recent CV investigations 
Patients will also be asked to complete the SAQ-UK, SF12v2 and EQ-5D (3L & 5L) at home at 6, 12, 24 and 
36 months. 

 
 
LONG TERM MONITORING 
The CTRU will seek, for all randomised patients, the certified causes of death from the ONS through the 
Health and Social Care Information Service (HSCIC). Notification of deaths is independent of the patients’ 
clinical follow-up (if they remain resident in the United Kingdom). ONS flagging ensures recording of 
unbiased cause-specific mortality both during the study and after, for an indefinite period.     
 
Details of late cardiovascular events (including Acute Coronary Syndrome, acute or planned revascularisation 
procedure, any admission for CV cause) beyond the 3 year follow-up period may be obtained from hospital 
and GP records or from Hospital Episode Statistics (HES) via the HSCIC for a period of up to 20 years. 
 
11.1 DEFINITION OF END OF TRIAL 
The end of the trial is defined as the date of the last participant’s last data item.  
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12. SERIOUS ADVERSE EVENTS PROCEDURES 
 
12.1. GENERAL DEFINITIONS 
An adverse event (AE) is any untoward medical occurrence in a patient or clinical trial subject which does 
not necessarily have a causal relationship with this treatment and can include; 

any unintentional, unfavourable clinical sign or symptom 
any new illness or disease or the deterioration of existing disease or illness 
any clinically relevant deterioration in any laboratory assessments or clinical tests. 

 
In addition the following criteria may be used in order to collect protocol-defined reportable adverse 
events which do not meet the criteria for serious (below): 

requires medical or surgical intervention to prevent permanent impairment of function or permanent 
damage to body structure. 

 
A Serious Adverse Event (SAE) is defined in general as “any untoward medical occurrence or effect that: 

results in death, 
is life-threatening*, 
requires inpatient hospitalisation or prolongation of existing hospitalisation, 
results in persistent or significant disability or incapacity, 
consists of a congenital anomaly or birth defect, 
may jeopardise the patient and may require medical or surgical intervention to prevent one of the 
outcomes listed above. 

 
*the term life-threatening refers to an event in which the patient was at risk of death at the time of the 
event; it does not refer to an event which hypothetically might have caused death if it was more severe. 
 
A SAE occurring to a research participant, where in the opinion of the Chief Investigator the event is 
Related and Unexpected will be reported to the main Research Ethics Committee (REC). The National 
Research Ethics Service (NRES) defines Related and Unexpected SAEs (RUSAEs) as follows: 

Related: that is, it resulted from administration of any research procedures; and 
Unexpected: that is, the type of event is not listed in the protocol as an expected occurrence. 

 
12.2. OPERATIONAL DEFINITION & REPORTING PERIOD FOR AEs/SAEs  
12.2.1 Expected AE/SAEs – Not Reportable 
Due to the nature of CHD and its treatment, patients are likely to experience several adverse events 
throughout the course of the disease.  The patient population may also have co-morbid disease and as 
such in this patient population, acute illness resulting in hospitalisation, new medical problems and 
deterioration of existing medical problems are expected.  
 
In recognition of this, events fulfilling the definition of an adverse event or serious adverse events will not 
be reported in this study unless they are classified as ‘expected’ (section 12.2.2) or ‘unexpected’ and 
‘related’ (section 12.2.3). 
 
12.2.2 Expected AEs/SAEs – Reported within standard CRFs 
The following SAEs are expected within the study population and will be reported by the clinical research 
team using standardised test and follow-up CRFs including: 
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Angiography complications that extend hospital stay 
Complications related to any other study test that requires a specific treatment or hospital admission 
Acute Coronary Syndrome 
Unplanned revascularisation procedure (PCI with or without stenting, CABG) 
Any admission for CV cause including heart failure, cardiac arrhythmia, suspected cardiac event, 
acute CHD hospitalisation, stroke/TIA (cerebrovascular) 
Death 
 

These events are expected within the study population and will not be subject to expedited reporting to the 
main REC. They will however, be included in the annual safety report provided to the main REC. 
 

12.2.3 Related & Unexpected SAEs – Expedited Reporting 
All Related & Unexpected SAEs occurring within 30 days of an investigation (angiography, CMR, SPECT, 
CCT) must be recorded on the Related & Unexpected Serious Adverse Event Form and faxed to the CTRU 
within 24 hours of the investigator becoming aware of the event. The original form should also be posted 
to the CTRU in real time and a copy retained on site. 
 
For each study Related & Unexpected SAE the following information will be collected: 

full details in medical terms with a diagnosis, if possible 
its duration (start and end dates if applicable) 
action taken 
outcome 
causality (i.e. relatedness to investigation), in the opinion of the investigator 
whether the event would be considered expected or unexpected 

 
Any follow-up information should be faxed to the CTRU as soon as it is available. Events will be followed up 
until the event has resolved or a final outcome has been reached. All Related & Unexpected SAEs will be 
reviewed by the Chief Investigator and subject to expedited reporting to the Sponsor and the main REC by 
the CTRU on behalf of the Chief Investigator within 15 days. 
 
12.3. RESPONSIBILITIES 
Principal Investigator/Authorised Individual 
1) Checking for SAEs when patients attend for treatment/follow-up 
2) Judgement in assessing: 

Seriousness 
Causality 
Expectedness 

3) To ensure all Related & Unexpected SAEs are recorded and reported to the CTRU within 24 hours of 
becoming aware and to provide further follow-up information as soon as available 
4) To report Related & Unexpected SAEs to local committees in line with local arrangements. 
 
Chief Investigator or delegate 
1) Assign relatedness and expected nature of SAEs where it has not been possible to obtain local 
assessment 
2) Undertake SAE review 
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3) Review all events assessed as Related & Unexpected in the opinion of the local investigator, within the 
required timelines. In the event of disagreement between the local assessment and the Chief Investigator, 
local assessment may be upgraded or downgraded by the Chief Investigator prior to reporting to the main 
REC. 
 
CTRU 
1) Expedited reporting of Related & Unexpected SAEs to the main REC and Sponsor within required 
timelines 
2) Preparing annual safety reports to the main REC and periodic safety reports to the Project Team. 
3) Notifying Investigators of Related & Unexpected SAEs which compromise patient safety. 
 
TSC:  
In accordance with the Trial Terms of Reference for the TSC, periodically reviewing safety data and liaising 
with the DMEC regarding safety issues 
 
DMEC:  
In accordance with the Trial Terms of Reference for the DMEC, periodically reviewing unblinded overall data 
to determine patterns and trends of events, or to identify safety or trial conduct issues, which would not be 
apparent on an individual case basis.  
 
 
13. PARTICIPANT QUESTIONNAIRES 
Health-related quality-of-life (HRQoL) will be measured at baseline (in clinic), 6 months, 12 months, 2yrs 
and 3yrs (by post), using the following validated questionnaires: 
 

Seattle Angina Questionnaire (SAQ) – UK version [44] 
SF12v2 [45] 
EuroQol (EQ-5D) 

 
 
14. ECONOMIC EVALUATION 
This evaluation will assess the cost-effectiveness of the 3T-CMR-guided care strategy compared to a NICE 
guideline (CG95) strategy and to a SPECT-guided strategy (AHA appropriateness criteria). 
 
Utilisation and resource use 
Data will also be collected on a range of resource use items including diagnostic and therapeutic 
interventions and hospitalisations, with prospective recording of all cardiovascular procedures, hospital 
treatment costs, length of stay and medication.  
 
Unit costs 
Unit costs will be applied to relevant resource use collected, as discussed above, to generate a total cost 
per patient (post-randomisation).  These data will be taken from routine NHS sources including NHS 
Reference Costs. 
 
Measurement of effectiveness 
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For the trial based economic evaluation, the measure of effect will be health-related quality-of-life (HRQoL) 
as measured by the EuroQol (EQ-5D); data will be collected at baseline, 6 months, 12 months, 2yrs and 
3yrs.   
 
Trial based analysis 
Based on the trial period a detailed cost analysis will be conducted, and will be set alongside clinical 
outcomes and EQ-5D data collected in the study. 
 
Cost-effectiveness analysis 
To assess the long term cost-effectiveness of the alternate diagnostic testing strategies, information from 
the trial will be used to update the economic model developed as part of the original CE-MARC trial. The 
model will use information from the trial, including on resource use, costs, HRQoL and other clinical 
outcomes (e.g. on unnecessary tests and MACE events), together with epidemiological, clinical and 
economic data from other sources to calculate costs and quality-adjusted life-years (QALYs) for patients. 
The economic analysis will use methods consistent with those recommended by the National Institute for 
Health and Clinical Excellence (NICE) [46]. Given the potential difference between diagnostic strategies in 
terms of mortality, the modelling will adopt a lifetime time horizon to capture any difference. 
 
 
15. ENDPOINTS 
15.1 PRIMARY ENDPOINT 
Unnecessary invasive coronary angiography occurring within 12 months in each arm.  
 
This will be defined at the time of coronary angiography by a FFR measurement of >0.80 (i.e. no functional 
ischaemia) in all vessels 2.5mm (stenoses >90% will be considered to have an FFR value of 0.5 and 
stenoses <40% will be assumed to have an FFR of 0.90, such that FFR measurement is not required in these 
vessels). 
 
In general, patients whose assigned strategy directs them to angiogram for a negative FFR result will be 
deemed to have had an unnecessary angiogram. In the Intention to Treat Analysis (See section 17.3) the 
primary endpoint will also include patients who had a [correct] negative non-invasive test result but went 
on to receive a non-per-protocol coronary angiogram, with a negative FFR result. Such patients will be 
excluded from the per-protocol analysis of the primary endpoint. 
 
An “Unnecessary angiogram” will be defined as one of the following:  

A negative FFR and positive non-invasive test (either 3T CMR or SPECT/CCT) (i.e. a False Positive test 
result) 
A negative FFR in a high pre-test risk (61-90%) patient that proceeds directly to invasive angiography in 
the NICE guidelines-based strategy arm (i.e. a False Positive for the strategy). 
A negative FFR and a negative non-invasive test (either 3T CMR or SPECT/CCT) (i.e. a True Negative 
strategy result in which the imaging result was ‘not believed’ by the treating cardiologist – based on ITT 
principles).  
A negative FFR and an inconclusive non-invasive test result (either 3T CMR or SPECT/CCT) in which 
angiography had to be performed to make the diagnosis (i.e. failure of the strategy to produce a 
diagnosis).  
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15.2 SECONDARY ENDPOINTS 
1) Major adverse cardiovascular event (MACE) at 12 months and a minimum of 3yrs; this will examine the 
clinical consequences of the new diagnostic strategy.  
MACE is defined as one of the following: 
* Death due to Cardiovascular cause (including type 3 MI) † 
* Myocardial infarction† 
* Unplanned revascularisation 
* Hospital admission for cardiovascular cause 
 * ACS Troponin –ve 
 * Spontaneous myocardial infarction (Type 1)†  
 * Myocardial infarction secondary to ischaemic imbalance (Type 2) † 
 * Myocardial Infarction related to stent thrombosis (Type 4b) † 
 * Arrhythmia 
 * Stroke 
 * Heart failure 
 
† As defined by the third universal definition of myocardial infarction (see page 7).  
 

Peri-procedural myocardial infarctions - type 4a (related to percutaneous coronary intervention) 
and type 5 (related to coronary artery bypass grafting) will be recorded, but will not form part of 
the MACE secondary endpoint. 

 
Planned revascularisation (PCI or CABG) based on the index FFR results will be recorded, but will 
not form part of the MACE secondary endpoint. 

 
2) False Negative (i.e. negative non-invasive test and positive FFR ( 0.80) and True Positive (i.e. positive 
non-invasive test and positive FFR ( 0.80)) rates for each strategy (Assessed at 12 months). 
 
3) Cost effectiveness analysis (see section 14) 
 
4) Health-related quality-of-life measures (Assessed at baseline, 6, 12, 24 and 36 months) 
 Seattle Angina Questionnaire – UK Version (SAQ-UK) 
 Medical Outcomes Survey - Short Form 12 (SF12v2) 
 EuroQol 5-Dimensions (EQ-5D 3L & 5L) 
 
5) Complications – directly related to investigational or procedural aspects of the study that result in 
prolonged hospital stay or specific treatment that would otherwise have not been required. 
 
 
16. STATISTICAL CONSIDERATIONS 
16.1 SAMPLE SIZE 
A total of 1200 participants will be randomised on a 2:2:1 basis to CMR-guided care, SPECT-guided care and 
NICE-based management (NICE CG95; 2010). 
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We expect the target population to be comparable to that of the CE-MARC study, in which we have 
benchmarked the diagnostic accuracy of 1.5T CMR compared with X-ray angiography and SPECT [33]. Of all 
the CE-MARC patients with a pre-test likelihood calculated as 10-90%, the distribution of patients among 
the 10-29%, 30-60% and 61-90% PTL categories was approximately 10%:33%:57%. Using the estimated 
false positive rates within these subgroups, we obtained estimates of the overall false positive rate (i.e. 
proportion of test positive results in patients with no significant stenosis out of all patients). 
 
16.1.1 CMR-guided care compared to NICE-based management. 
For the primary endpoint analysis when comparing CMR-guided care to NICE-based management - in 
which patients will be randomised 2:1 - we estimated the overall unnecessary angiography rate as 4.5% 
and possibly as high as 6.8%. The overall unnecessary angiography rate for NICE-based management was 
estimated to be as high as 35-40%, due to the guidelines dictating immediate X-ray angiography for all high 
risk patients. In CE-MARC, such patients were expected to have an unnecessary angiography rate around 
60%. For our sample size calculations, we assumed a NICE unnecessary angiography rate of 30%. 
Randomising 1200 patients would give us 480 CMR patients and 240 NICE patients. If we experience 20% 
non-completion then we would have 384 patients in the CMR group, 192 in the NICE group. This would 
give us 99% power to detect a difference between unnecessary angiography rates of 6.8% and 30% using a 
2-sided test at a 5% significance level. 
 
For the secondary endpoint analysis of assessing the difference in MACE rates, we assume that the CMR-
guided care will experience a MACE rate 4% points greater than NICE-guided care. If the 3-year MACE rate 
varies between 3% and 9%, then 480:240 patients in the CMR and NICE groups would provide an interval 
estimate of the difference that extends between 3.9 to 5.7% from the estimate.  
 
16.1.2 CMR-guided care compared to SPECT-guided care. 
For the primary endpoint analysis when comparing CMR-guided care to SPECT-guided care in which 
patients will be randomised 2:2 (i.e. 1:1) - we estimated the overall unnecessary angiography rate as for 
SPECT-guided care to be around 11.7% in a similar way as before.  
For our sample size calculations, we used the same estimate of unnecessary angiography rate for CMR-
guided care as before. Randomising 1200 patients would give us 480 CMR patients and 480 SPECT patients. 
If we experience 20% non-completion, then we have 384 patients per group. This would give us 94% power 
to detect a difference between unnecessary angiography rates of 4.5% and 11.7% using a 2-sided test at a 
5% significance level. If the CMR unnecessary angiography rate is as high as 6.8%, then we have 60% power 
to detect a difference between this and a SPECT rate of 11.7%.  
 
For the secondary endpoint analysis of assessing the difference in MACE rates, we assume that the CMR-
guided care will experience a MACE rate 4% points greater than SPECT-guided care. If the 3-year MACE 
rate varies between 3% and 9%, then 480:480 patients in the CMR and SPECT groups would provide an 
interval estimate of the difference that extends between 3.3 to 4.7% from the estimate.  
 
 
 
16.2 PLANNED RECRUITMENT RATE 
To recruit 1200pts over 2 ½ years across 3 centres breaks down as 40 patients per month (Or 
~160pts/centre/yr) which is realistic and achievable, especially given the very large regional populations 
that are served by the recruiting centres.  
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We demonstrated in the single centre CE-MARC trial a recruitment rate of 750 comparable patients in 3yrs 
and 5mths (~220pts/yr). We are thus confident that we can meet the recruitment target in CE-MARC 2. 
The experience of completing the first CE-MARC trial will allow us to put effective recruitment strategies in 
place to meet our recruitment targets.  
 
 
17. STATISTICAL ANALYSIS 

17.1 GENERAL CONSIDERATIONS 
Statistical analysis is the responsibility of the CTRU statistician. The analysis plan outlined in this section will 
be reviewed and a final statistical analysis plan written before any analysis is undertaken. The analysis plan 
will be written in accordance with current CTRU standard operating procedures and will be finalised and 
agreed by the following people: trial statistician, supervising statistician, chief investigator, CTRU principal 
investigator and the senior trial co-ordinator. Any changes to the finalised analysis plan and the reasons for 
the change will be documented. 
 
All analyses will be conducted on the Intention-to-treat (ITT) population (As defined in the statistical 
analysis plan) where a patient’s diagnostic pathway will be that allocated at randomisation. A Per-protocol 
(PP) population will also be defined which will exclude patients who do not comply with the protocol and 
will be defined in the statistical analysis plan.  
 
17.2 FREQUENCY OF ANALYSIS 
Interim reports will be presented to the Data Monitoring and Ethics Committee in strict confidence at 
approximately 12 monthly intervals or as soon as sufficient data have been accrued to make them 
meaningful. For each DMEC meeting, an analysis plan will be written in accordance with current CTRU 
Standard operating procedures and will be finalised and agreed by the trial statistician, supervising trial 
statistician, chief investigator, CTRU principal investigator and the senior trial co-ordinator. Any changes to 
the analysis plan for the DMEC meeting and reasons for changes will be documented. No formal interim 
analyses of the primary endpoint are planned. The DMEC, in the light of the interim reports and of any 
advice or evidence they wish to request, will report to the Trial Steering Committee if there are concerns 
regarding the safety or efficacy of one of the trial arms.  
 
Final analysis will be carried out on the primary endpoint when the response data is available for all 
patients, expected to be around 1-year after close of recruitment. Final analysis of long-term follow-up 
endpoints will take place when all the data has been collected for all patients, no earlier than 3 years after 
close of recruitment. 
 
17.3 PRIMARY ENDPOINT ANALYSIS 
The difference in proportions of patients with a study-defined unnecessary coronary artery angiogram and 
95% confidence interval (CI) for this difference will be presented for summary purposes. A binary logistic 
regression will model the relative odds of receiving an unnecessary angiogram for CMR patients vs. the 
group of interest (Either NICE or SPECT-guided care pathways) when controlling for the minimisation 
factors (Centre, pre-test likelihood, age and gender, categorised as described in section 9.4). The estimated 
odds ratios, 95% confidence intervals and P-values will be presented. An unadjusted analysis will compare 
the difference in the proportions between the two groups using a chi-squared test. 
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The primary endpoint analysis will be performed on the intention-to-treat analysis in the first instance. The 
per-protocol population analysis of this endpoint will exclude patients whose angiogram was not dictated 
by the test: patients whose negative functional test results are overruled by the treating clinician will not 
be deemed to have had a study-defined unnecessary angiogram. 
 
17.4 SECONDARY ENDPOINT ANALYSES 
 
Major Adverse Cardiovascular Events (MACE) 
The proportions of patients in the two groups with a MACE at twelve months and three years and 
corresponding 95% CIs will be presented. The absolute differences in these MACE rates will be presented, 
with a 95% CI for the differences.  
 
This analysis will be performed both on the intention-to-treat basis and on the per-protocol basis. 
 
Quality of Life 
The scores for the dimensions of the SAQ and SF12 will be summarised by randomised group at each time 
point.  Multi-level repeated measures modelling will be used to estimate differences between the groups at 
all post-baseline time points (allowing for time, trial group, trial group by time interaction, and adjusting for 
baseline QOL and minimisation factors [all fixed effects], and for patient and patient by time interaction 
[random effects]). Residuals and predicted values produced from the multivariate models will be examined 
to assess the assumptions of the statistical model. 
 
Health Economics 
 The health related quality of life (HRQoL) scores, as measured by the EQ-5D, controlling for the baseline 
scores, will be presented for the two groups at 6 months, 12 months, 2yrs and 3yrs. The corresponding 
95% CIs will also be presented. A secondary analysis will consider HRQoL scores generated using the SF12 
questionnaire mapped onto EQ-5D values. 
 
A trial based health economic analysis will present detailed resource use and costs by group during the trial 
period. The corresponding 95% CIs will also be presented.  These will be presented alongside clinical 
outcomes and EQ-5D data collected in the study.  
 
To assess the long term cost-effectiveness of the strategies, information from the trial will be used along 
with other evidence in an economic model to produce life time costs and QALYs. The incremental cost-
effectiveness of the strategies will then be compared to standard cost per QALY thresholds to identify the 
cost-effective strategy. 
 
 
 
18. DATA MONITORING 
 
18.1 DATA MONITORING AND ETHICS COMMITTEE (DMEC) 
An independent Data Monitoring and Ethics Committee (DMEC) will be established to review the safety 
and ethics of the trial. 
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18.2 DATA MONITORING  
Data will be monitored for quality and completeness by the CTRU.  Missing data will be chased until it is 
received, confirmed as not available or the trial is at analysis However missing data items will not be 
chased from participants (although missing questionnaires sometimes are).  The CTRU/Sponsor will reserve 
the right to intermittently conduct source data verification exercises on a sample of participants, which will 
be carried out by staff from the CTRU/Sponsor.  Source data verification will involve direct access to 
patient notes at the participating hospital sites and the ongoing central collection of copies of consent 
forms and other relevant investigation reports.  A Trial Monitoring Plan (TEM45) will be developed and a 
Meeting Group Monitoring Schedule (TEM69) including primary endpoint and safety data will be defined 
and agreed by the Trial Management Group (TMG) if necessary. 
 
18.3 CLINICAL GOVERNANCE ISSUES  
To ensure responsibility and accountability for the overall quality of care received by participants during 
the study period, clinical governance issues pertaining to all aspects of routine management will be 
brought to the attention of the TSC and, where applicable, to individual NHS Trusts.’  
 
 
19. QUALITY ASSURANCE AND ETHICAL CONSIDERATIONS 
 
19.1 QUALITY ASSURANCE 
The study will be conducted in accordance with the principles of Good Clinical Practice in clinical trials  as 
detailed by the Medical Research Council (1998), the NHS Research Governance Framework (and Scottish 
Executive Health Department Research Governance Framework for Health and Social Care 2006 for studies 
conducted in Scotland) and through adherence to CTRU Standard Operating Procedures (SOPs). 
 
Investigators are required to promptly notify the CTRU of a serious breach (as defined in NRES SOP V5.0) A 
“serious breach” is defined as a breach of the protocol or of the conditions or principles of Good Clinical 
Practice (or equivalent standards for conduct of non-CTIMPs) which is likely to affect to a significant degree 
the safety or physical or mental integrity of the trial subjects, or the scientific value of the research. 
 
In the event of doubt; further information, the Investigator should contact the Senior Trial Co-ordinator at 
the CTRU. 
 
19.2 ETHICAL CONSIDERATIONS 
The trial will be performed in accordance with the recommendations guiding physicians in biomedical 
research involving human subjects adopted by the 18th World Medical Assembly, Helsinki, Finland, 1964, 
amended at the 52nd World Medical Association General Assembly, Edinburgh, Scotland, 1996*. Informed 
written consent will be obtained from the patients prior to randomisation/registration into the study.  The 
right of a patient to refuse participation without giving reasons must be respected.  The participant must 
remain free to withdraw at any time from the study without giving reasons and without prejudicing his/her 
further treatment. The study will be submitted to and approved by a main Research Ethics Committee 
(main REC) and the appropriate Site Specific Assessor for each participating centre prior to entering 
patients into the study. The CTRU will provide the main REC with a copy of the final protocol, patient 
information sheets, consent forms and all other relevant study documentation. 
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20. CONFIDENTIALITY 
All information collected during the course of the trial will be kept strictly confidential. Information will be 
held securely on paper and electronically at the Clinical Trials Research Unit (CTRU). The CTRU will comply 
with all aspects of the 1998 Data Protection Act and operationally this will include: 

consent from participants to record personal details including name, date of birth, address and 
telephone number, NHS number, hospital number, GP name and address (include as appropriate) 
appropriate storage, restricted access and disposal arrangements for participant personal and clinical 
details 
consent from participants for access to their medical records by responsible individuals from the 
research staff or from regulatory authorities, where it is relevant to trial participation 
consent from participants for the data collected for the trial to be used to evaluate safety and develop 
new research. 
participant name, address and telephone number (include as appropriate) will be collected when a 
participant is randomised into the trial but all other data collection forms that are transferred to or 
from the CTRU will be coded with a trial number and will include two participant identifiers, usually the 
participant’s initials and date of birth.   
where central monitoring of source documents by CTRU (or copies of source documents) is required 
(such as scans or local blood results), the participant’s name must be obliterated by site before sending 
where anonymisation of documentation is required, sites are responsible for ensuring only the 
instructed identifiers are present before sending to CTRU 

 
If a participant withdraws consent from further trial treatment and / or further collection of data their 
samples will remain on file and will be included in the final study analysis.’  
 
20.1 ARCHIVING 
At the end of the study, data will be securely archived in line with the Sponsor’s procedures for a minimum 
of 5 years.  Data held by the CTRU will be archived in the Leeds Sponsor archive facility and site data and 
documents will be archived at site. Following authorisation from the Sponsor, arrangements for 
confidential destruction will then be made.  
 
 
 
21. STATEMENT OF INDEMNITY 
This study is sponsored by the University of Leeds and the University of Leeds will be liable for negligent 
harm caused by the design of the study. The NHS has a duty of care to patients treated, whether or not the 
patient is taking part in a clinical study and the NHS remains liable for clinical negligence and other 
negligent harm to patients under this duty of care. 
 
 
 
22. STUDY ORGANISATIONAL STRUCTURE 
22.1 INIDIVUALS AND INDIVIDUAL ORGANISATIONS 
Chief Investigator - as defined by the NHS Research Governance Framework, is responsible for the design, 
management and reporting of the study. 
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Trial Sponsor – The Sponsor is responsible for trial initiation management and financing of the trial as 
defined by Directive 2001/20/EC. These responsibilities are delegated to the CTRU as detailed in the trial 
contract. 
 
Clinical Trials Research Unit – The CTRU will have responsibility for conduct of the study in accordance with 
the Research Governance Framework and CTRU SOPs. The CTRU will provide set-up and monitoring of trial 
conduct to CTRU SOPs, including, randomisation design and service, database development and provision, 
protocol development, CRF design, trial design, source data verification, monitoring schedule and 
statistical analysis for the trial. In addition the CTRU will support main REC, Site Specific Assessment and 
NHS Permissions submissions and clinical set-up, ongoing management including training, monitoring 
reports and promotion of the trial. The CTRU will be responsible for the day-to-day running of the trial 
including trial administration, database administrative functions, data management, safety reporting and 
all statistical analyses. 
 
Chief Investigator: The Chief Investigator will have overall responsibility for the design, set-up and 
implementation of the study. 
 
CE MARC 2 Clinical Research Nurse (CRN): The CRNs will be responsible for the day-to-day clinical 
management of the study, patient recruitment, obtaining informed consent, randomisation, liaison with 
medical staff, CRF completion and annual follow-up assessments (including GP contact, patient telephone 
follow-up and case-note verification) . 
 
CE MARC 2 Research Fellow: The Research Fellow will be responsible for the medical supervision of CMR 
imaging, the CMR analysis, day-to-day clinical input into the study and supporting the CRN in patient 
recruitment. 
 
CE MARC 2 medical physicist: The physicist will be responsible for pulse sequence optimisation and 
implementation at recruiting sites, quality control assessments, phantom calibration work, and image 
quality/artefact problem solving.  
  
Funding: The study is funded by a British Heart Foundation 5 year Special Project Grant.  
 
22.2 GROUPS 
Trial Management Group - The TMG, comprising the Chief Investigator, CTRU team, co-applicants and a 
CEMARC 2 CRN will be assigned responsibility for the clinical set-up, on-going management, promotion of 
the trial, and for the interpretation and publishing of the results. Specifically the TMG will be responsible 
for (i) protocol completion, (ii) CRF development, (iii) obtaining approval from the main REC and supporting 
applications for Site Specific Assessments, (iv) completing cost estimates and project initiation, (v) 
nominating members and facilitating the TSC and DMEC, (vi) reporting of serious adverse events, (vii) 
monitoring of screening, recruitment, treatment and follow-up procedures, (vii) auditing consent 
procedures, data collection, trial end-point validation and database development. 
 
Trial Steering Committee – The TSC, with an independent Chair, will provide overall supervision of the trial, 
in particular trial progress, adherence to protocol, participant safety and consideration of new information.  
It will include an Independent Chair, no fewer than two other independent members and a consumer 
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representative. The Chief Investigator and other members of the TMG may attend the TSC meetings and 
present and report progress. The Committee will meet annually as a minimum. 
 
Data Monitoring and Ethics Committee (DMEC): The DMEC will include independent membership and will 
review the safety and ethics of the trial by reviewing interim data during recruitment. The Committee will 
meet annually as a minimum. 
 
 
23. PUBLICATION POLICY 
The trial will be registered with an authorised registry, according to the ICMJE Guidelines, prior the start of 
recruitment.  
 
The success of the trial depends upon the collaboration of all participants. For this reason, credit for the 
main results will be given to all those who have collaborated in the trial, through authorship and 
contributorship. Uniform requirements for authorship for manuscripts submitted to medical journals will 
guide authorship decisions. These state that authorship credit should be based only on substantial 
contribution to:  

conception and design, or acquisition of data, or analysis and interpretation of data 
drafting the article or revising it critically for important intellectual content 
and final approval of the version to be published 
and that all these conditions must be met (www.icmje.org). 

 
In light of this, the Chief Investigator, co-applicants and relevant senior and statistical CTRU CEMARC 2 
members will be named as authors in any publication. In addition, all collaborators will be listed as 
contributors for the main trial publication, giving details of roles in planning, conducting and reporting the 
trial. The CEMARC 2 team should be acknowledged in all publications, as should the BHF.  Other key 
individuals will be included as authors or contributors as appropriate and at the discretion of the CEMARC 2 
TMG.  Any disputes relating to authorship will be resolved by the TSC. 
 
The Chairs and Independent members of the TSC and Data Monitoring and Ethics Committee (DMEC) will be 
acknowledged, but will not qualify for full authorship, in order to maintain their independence. 
 
To maintain the scientific integrity of the trial, data will not be released prior to the first publication of the 
analysis of the primary endpoint, either for trial publication or oral presentation purposes, without the 
permission of the Trial Steering Committee. In addition, individual collaborators must not publish data 
concerning their participants which is directly relevant to the questions posed in the trial until the first 
publication of the analysis of the primary endpoint.’ 
 
The BHF (funder) has adopted an open access policy for all BHF funded research which means that an 
electronic copy of all peer reviewed published papers must be accessible via the UKPMC website. 
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Appendix 1: Patient Information Sheet and Consent Form 
                                                                                    

 

CE-MARC 2 
Clinical Evaluation of Magnetic Resonance imaging in Coronary heart disease. 

 

QUICK GUIDE 
(v 4.0 June 12 2013) 

 
You are invited to take part in a research study, comparing different ways of investigating patients 
who have chest pain. 
 
The study is funded by the British Heart Foundation. 
 
If you consent to take part in the study you will be randomly assigned to be in one of three groups: 
 

Group 1 
 
 

This group will be  investigated with an MRI scan of the heart                        

Group 2 This group will be investigated with a SPECT scan of the heart 

Group 3 This group will be investigated following national (NICE) guidelines and 
you will either have a CT scan, a SPECT scan or an X-Ray angiogram 
(depending on the likelihood of you having narrowings in your heart 
arteries). 

 
The test you have will be reported and if it is abnormal you will have an X-Ray coronary angiogram 
(unless that was your 1st test anyway) with measurement of the blood flow in the heart arteries.  
 
All patients will be followed up and therefore members of the research team will have access to 
your records during and after study participation 
 
You will not benefit directly from taking part in the study 
 
You do not have to take part if you do not want to, in which case you would receive standard care 
instead. 

 
If you would like to read more the study is explained in detail in the information sheet which follows. 
The research team will also be happy to explain the study to you in person. 
 
 

 
 

CE-MARC 2 
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Clinical Evaluation of MAgnetic Resonance imaging in Coronary heart disease. 
 
PATIENT INFORMATION SHEET 
Version 4.0 June 12 2013 
 
Chief Investigator: Prof J Greenwood                                                   

 
Dear Patient, 
You are being invited to take part in a research study. Before you decide it is important for you to understand why 
the research is being done and what it will involve. Please take time to read the following information carefully and 
discuss it with friends, relatives and your GP if you wish. Ask us if there is anything that is not clear or if you would 
like more information. Take time to decide whether or not you wish to take part. 
 
Purpose of the study 
We have several tests available to help us find out if chest pain is caused by narrowings of the heart arteries (coronary 
heart disease). Currently many patients in whom coronary artery disease is suspected, have an angiogram (=X-ray test 
taking pictures of the heart arteries). We know from other studies that some of these angiograms will show normal 
heart arteries. Before having an angiogram many patients have had another heart test, for instance a CT scan or a 
SPECT scan. Doctors are always looking to develop and improve tests that can reliably tell us if a patient needs an 
angiogram as their next test or not. Nowadays we can use Magnetic Resonance Imaging (MRI) to obtain pictures of 
the heart and see how well the heart is supplied with blood and oxygen. MRI is becoming an important test in patients 
who suffer with chest pain and coronary heart disease, and may eventually reduce the need for invasive tests such as 
coronary angiograms. Doctors have been doing research for many years to see how accurate MRI is compared to other 
heart tests. This study is part of that on-going research. In this study we will be using a magnet with a stronger magnetic 
field (called 3Tesla) than used in our previous CEMARC I study. This gives sharper pictures with even more detail. 
 
Why have I been chosen? 
This study is looking at people like you, who have been referred to a cardiology clinic with chest pain. We will be asking 
1200 people, in several UK hospitals, to take part in this study. 
 
Do I have to take part? 
No. It is up to you to decide whether or not to take part. If you do decide to take part you will be given this 
information sheet to keep and be asked to sign a consent form. If you decide to take part you are still free to 
withdraw at any time and without giving a reason. This will not affect the standard of care that you receive from the 
NHS. If there is a possibility that you might be pregnant, you should not take part in the study. Our research team 
will be happy to discuss any other questions that you may have concerning your suitability for the study, before you 
decide whether to take part. 
 
What will happen to me if I take part? 
If you take part in this study you will be assigned to one of three groups. We call one group ‘MRI guided’ , the second 
group SPECT-guided, and the third group ‘NICE guidelines based’.  The choice will be made randomly, like tossing a 
coin. Neither you nor your doctor can influence what group you will be in. The groups will not be the same size: you 
have more chance of being in either the MRI or the SPECT group than of being in the NICE guidelines group.  As the 
names suggest, your treatment in this study will be guided by the results of either the MRI scan, the SPECT scan, or 
one of the tests recommended by NICE (which also includes SPECT). 
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1,200 Patients
Randomised 2:2:1

N=480
MRI-guided management

(10-90% pre-test risk)

N=240
NICE guidelines-based 

management

Angiography and abnormal FFR?

12, 24 & 36 month Follow up

61-90%
Angio

N=480
SPECT-guided management

(10-90% pre-test risk)

10-29%
CAC/CCT

30-60%
SPECT

Yes No

PCI (stent ) or bypass surgery Medical treatment (tablets)
NoYes

 

1. MRI guided group: (480 out of the 1200 patients will be in this group). If you are allocated to the MRI group you will 
have an MRI scan next. The scan will take approximately 60 minutes to complete. You lie in a short 'tunnel', which holds 
a large magnet. Short bursts of magnetic fields and radio waves from the MRI scanner allow images to be created. You will 
hear periodical loud “banging” noises while we are acquiring the images of your heart, though we do protect your ears 
with headphones. You can listen to the radio, or to one of your own CDs.  We will remain in communication with you 
throughout the scan. During the scan, we will inject an MRI contrast medication into a vein in your arm. At one point 
we will also inject a medication (Adenosine) into a vein in your other arm, which is a drug to increase the blood flow 
to your heart. This medication is used routinely in many heart tests.  What happens next: The MRI scan will be reported 
by a consultant who is an expert in this area. If the test is normal your further treatment will be decided by your own 
cardiologist. If the test shows that there may be one or more narrowings in your heart arteries you will be offered a 
further test called an X-Ray coronary angiogram (see page 4).  

2. SPECT guided group: (480 out of the 1200 patients will be in this group).  If you are allocated to the SPECT group 
you will have a SPECT scan next. The SPECT perfusion study is carried out on two separate days and each visit takes 
approximately 2 hours. On one day pictures of the heart will be taken at rest, and on a second day after injection of a 
medication (Adenosine) to increase the blood flow to your heart. On both days you will also have an injection of a 
radioactive dye into the blood, which is taken up by the heart muscle. One hour after the injection, pictures of the 
heart are taken with a special camera that slowly moves around you while you lie on a bed with one arm raised above 
your head. Taking these pictures takes approximately 20 minutes. What happens next: The SPECT scan will be reported 
by a consultant who is an expert in this area. If the test is normal your further treatment will be decided by your own 
cardiologist. If the test shows that there may be one or more narrowings in your heart arteries you will be offered a 
further test called an X-Ray coronary angiogram (see page 4). 



    Page 97 of 191 

3. NICE guidelines group: (240 out of the 1200 patients will be in this group). If you are allocated to the NICE guidelines 
group you will have the heart test recommended by these guidelines, published by NICE, the National Institute for 
Health and Clinical Excellence, in 2010.   This will be one of the following: a CT calcium score (followed by a CT coronary 
angiogram if required), a SPECT scan, or an X-Ray coronary angiogram. Which test you are offered depends on how 
likely it is that you have narrowings of the heart arteries. We can calculate this from your medical history and you will 
fall into either a low, intermediate, or high likelihood group. 
 
a. For patients with a low likelihood:  
CT calcium score: CT stands for ‘computerised tomography’ and is a sophisticated type of X-ray.  You will lie on a bed 
under a scanner and will be asked to hold your breath briefly for the scan to be performed. This scan will let us see 
how much calcium there is in your heart arteries. If there is very little then the scan will be stopped at that point and 
you will have no further tests. If there is a lot of calcium the scan will also be stopped and you will be offered an X-Ray 
coronary angiogram (see below). If there is a moderate amount of calcium we will continue to see whether there are 
any narrowings, this is called a CT coronary angiogram.  For this you will receive an injection of a contrast dye into a 
vein in your am. You may also receive an injection of a medicine (a beta-blocker) to slow your heart rate down a little 
bit. This can help reduce the time you will need to hold your breath for. 
 
b. For patients with an intermediate likelihood: 
SPECT scan: this is the same scan as the patients in the SPECT guided group have, and is described on page 3.  If the 
test shows that there may be one or more narrowings in your heart arteries you will be offered a further test called 
an X-Ray coronary angiogram (see below). 
 
 
 
c. For patients with a high likelihood: 
X-Ray Coronary angiography: This test requires you to come into hospital for one day. With a coronary angiogram we 
take X-ray pictures of the heart arteries. You will be taken to an X-ray room and asked to lie down on a bed. After 
cleaning the skin, local anaesthetic is given and a needle put into the artery in the wrist or occasionally the groin. A 
fine, hollow tube called a “catheter” is then introduced into the artery and is gently advanced through the blood 
vessels to the heart. You will not feel the catheter being moved around inside your chest. A dye is then injected into 
the heart blood vessels and X-rays taken from several angles. A narrowing or a blockage may be seen which would 
confirm the diagnosis of coronary artery disease. To assess the importance of a narrowing in a heart artery a pressure 
wire will be used. This technique is increasingly used during a coronary angiogram to guide further treatment. This is 
a very small wire inserted through the catheter into the vessel of the heart to measure the blood flow. It also involves 
the injection of Adenosine to improve blood flow to the heart. When the test is over, the catheter is removed and 
simple pressure is applied to the wrist (or groin).  
 
After the angiogram the doctor carrying out the test will discuss the findings with you, and the options for treatment 
if any narrowings were found. Any treatment you receive is not part of the study and will be carried out following 
current best practice. If you do need an angiogram for any reason within a year of joining the study we will do the 
pressure wire test on narrowings seen in your heart arteries. 
 
 
Health Questionnaires  
If you agree to participate in this study, you will be asked to complete three simple health questionnaires when you 
join the study, after six months, and then once a year for three years. 
 
Follow–up: As part of the study we would like to see how you are getting on once a year for three years. We 
may telephone you to ask you some simple questions about your health. With your permission we may also 
look at your hospital records, request access to your GP records, central NHS records and/or use information 
from The Health and Social Care Information Centre.  
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It is very helpful if we can continue to track your health condition over a long term period. The Health and Social 
Care Information Centre (HSCIC) allows us to access health information about you with your permission.  In order  
to this we are seeking your permission to provide HSCIC with some of your personal details (including your 
name, date of birth, address and NHS number) and with this information HSCIC will be able to provide us with 
simple health information about you beyond the 3 year follow up period of this study, for a period of up to 20 
years.  It is very important to understand the long term health condition of patients to find out if the treatments 
we are giving are effective. Information will be provided to HSCIC in strict confidence and will be kept securely by 
them and will not be released to a third party.  
 
What are the possible disadvantages and risks of taking part? It is important to remember that if you were not in the 
study you would be having one of these tests anyway. 
 
MRI scan: Magnetic Resonance Imaging (MRI) at 3Tesla is safe and no radiation is used for this scan. There are no 
known risks from the technique. Some people may experience claustrophobia. Our MRI staff will do all that they can 
to make you feel comfortable during the scan, and will be monitoring you via a video camera and an audio link. If we 
are unable to make you feel comfortable in the scanner, we will not go ahead with scanning. We will need to insert 
two small tubes (cannulae) into your arms for the contrast dye and the adenosine medication. The contrast medication 
we use during the scan is very safe but, as with any injection, reactions may occur. These include a warm sensation at the 
injection site, nausea or vomiting and transient skin rash. These effects usually only last for a few minutes. People with a 
history of allergy are more likely to suffer a more severe reaction, but this is rare (less than 1 in 3000). The department is 
equipped to cope with allergic reactions if they happen. Adenosine, the medication we use to increase the blood flow to 
the heart, can cause flushing, breathlessness and chest discomfort. However, all of these feelings usually subside within 
one or two minutes or even more quickly when the medication is stopped.  
 
SPECT scan: SPECT imaging is very safe but exposes patients to a small amount of radiation. The dose is equivalent to 
receiving approximately 3 years of natural background radiation in the UK. We will need to insert one small tube 
(cannula) into your arm for the contrast dye and the adenosine medication.  Adenosine, the medication we use to 
increase the blood flow to the heart, can cause flushing, breathlessness and chest discomfort. However, all of these 
feelings usually subside within one or two minutes after the medication is stopped. 
 
CT coronary angiogram: CT imaging is very safe but exposes patients to a small amount of radiation. The dose of a CT 
calcium score only scan is equivalent to receiving approximately 6 months to 1 year of natural background radiation in the 
UK . The dose of a CT angiogram is equivalent to receiving approximately 3 years of natural background radiation in the 
UK. We will need to insert one small tube (cannula) into your arm for the contrast dye. The contrast medication we use 
during the scan is very safe but, as with any injection, reactions may occur. The department is equipped to cope with 
allergic reactions if they happen. You may also be given a medication (by mouth or into a vein) to slow your heart rate 
down a little, this is called a beta-blocker. If this is the case you will usually be kept under observation until the after 
effects of any possible light headedness have worn off, which is usually for about half an hour. 
 
X-Ray Coronary angiography and pressure wire: 
At present most patients with chest pain or other symptoms consistent with coronary artery disease will have an 
angiogram at some point. The advantage of an angiogram is that it can look inside the arteries. However this also 
means that it is invasive and bears some risks. The most common complication of the X-ray angiogram is for a bruise 
to form on the wrist or in the groin. This is not serious, but may be inconvenient for a few days. Allergic reactions to 
the iodine based dye are rare and the department is equipped to cope with reactions. Other serious complications are 
very rare, but the test can cause a heart attack, stroke or kidney damage. This is estimated at about 1 or 2 in every 
1000 people. However the level of risk depends on your overall health and your individual heart condition. A pressure 
wire test is safe, but as a wire is passed down the coronary artery a small risk of damage to the blood vessel wall or 
heart muscle is added. 
The amount of radiation you are exposed to during a coronary angiogram is approximately equivalent to the radiation 
you are exposed over the course of 3 years from the natural environment.  
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What are the alternatives? 
If you do not wish to take part in the study you will have the heart test your cardiologist chooses for you. 
 
Benefits to you 
We cannot promise the study will directly benefit you, but the information we get from this study might help the 
treatment of future patients. If you take part in a study you will have more contact with us, and have more 
opportunities to ask questions and be informed about your health, which some patients find helpful. 
Expenses 
You will not be asked to undergo any extra tests as a result of taking part in this study, so you will incur no extra 
expenses. 
 
Will my taking part be kept confidential? 
All information collected about you during the course of the study will be kept strictly confidential. This information 
will be securely stored, electronically on Leeds Teaching Hospitals NHS Trust and University of Leeds secure servers, 
and on paper, under the provisions of the 1998 Data Protection Act. Images (scans) and data, after your personal 
details have been removed, may be sent to participating study centres, or to an independent laboratory,  for analysis. 
Your data, including personal data such as your name, address and NHS number will be sent to the Clinical Trials 
Research Unit at the University of Leeds. The data collected will be coded and your personal details will be kept entirely 
separately from details about your health and treatment. You will not be identified in any publication that may result 
from this research.  
 
We may contact the Health and Social Care Information Centre or other central NHS UK bodies at a later stage for 
information which they hold on your health status. This means some of your personal data will be shared with the 
Health and Social Care Information Centre. Any information exchanged between us Health and Social Care Information 
Centre will be subject to strict data protection regulations. 
 
With your permission, your data may also provide a resource for future studies. If any information from this study is 
used to develop new research, data protection regulations will be observed and strict confidentiality maintained. Any 
information about you which leaves the hospital will have your name and address removed so that you cannot be 
identified. Your data and or images may be sent to institutions in the UK, the European Economic Area or outside the 
EEA.  Ethical approval will be obtained for any future studies involving your data. With your consent we may also wish 
to contact you in future about new studies you may wish to participate in. We will never give your personal details to 
any researchers outside of our department. 
 
If you withdraw consent from further study follow-up, or if you were to become incapacitated, any data collected 
about you up to that point will remain on file and will be included in the final study analysis.  
 
What will happen to the results of the research study? 
When the study is complete the results will be published in a medical journal, but no individual patients will be 
identified. If you would like a copy of the published results, please ask your doctor. 
Indemnity/Compensation 
If you are harmed as a direct result of taking part in this study, there are no special compensation arrangements. If you are 
harmed due to someone’s negligence, then you may have grounds to a legal action. Regardless of this, if you have any 
cause to complain about any aspect of the way you have been approached or treated during the course of this study, the 
normal National Health Service complaints mechanisms are available to you. 
The research organisation 
This is a research project of the Cardiac MRI department at the University of Leeds and the Leeds Teaching Hospitals 
NHS Trust, in collaboration with the Clinical Trials Research Unit at the University of Leeds. It is being funded by the 
British Heart Foundation. 
 
 
Who has reviewed the study? 
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The study has been reviewed and approved both by the South Yorkshire Research Ethics Committee and by your 
hospital trust’s Research and Development Office.  More details can be provided, on request, by your study doctor. 
 
For further information please contact:     
 
 
                                                                                                    
                  
 



 CONSENT FORM v 4.0 June 12th 2013 
CE-MARC 2 

Clinical Evaluation of MAgnetic Resonance imaging in Coronary heart disease. 
CI: Prof John Greenwood 

Patient Study Number: ………………..   Patient Initials................... 

NHS number: .................................   Date of Birth: ………………… 

Please initial boxes  
1. I have read the Patient Information Sheet dated June 12th

2013 (version 4.0) for the above study and I have had the
opportunity to ask questions and discuss the research study
and I am satisfied with the answers to my questions.

2. I understand that my participation is voluntary and that I am
free to withdraw from the study at any time without giving a reason.

3 I give my consent for my General Practitioner to be informed, and I
understand that my cardiologist will be informed only if we find any
abnormality over and above what is already known.

4. I understand that data and images collected will be stored on a computer
system, and, after my personal details have been removed, may be sent
to participating study centres or to an independent laboratory, and may
be available to researchers at other institutions in the UK, the EEA, and
countries outside the EEA.

5. I understand that relevant sections of my medical notes and data
collected during the study (including personal data) may be looked at
by individuals from the University of Leeds, the Clinical Trials Research
Unit, from regulatory authorities, or from the Leeds Teaching Hospitals
NHS Trust, where it is relevant to my taking part in this research. I give
permission for these individuals to have access to my records.

6. I understand that information held by the NHS, by my General Practitioner, and
   information held and managed by the Health and Social Care Information Centre  
   and other central UK NHS bodies, may be used to contact me and provide information  

about my health status. I give permission for this information to be obtained from The 
Health and Social Care Information Centre, the NHS Central Register and/or my GP if 
necessary. To do this, I understand that my details (including my name, address, NHS 
number and date of birth) will be shared with The Health and Social Care Information 
Centre. 



 

7. If I were to lose capacity or withdraw consent for further follow-up I
understand that data already collected will be kept and used for the
purposes of the study.

8. I agree to take part in this research study and that the general results of
the study will be made available to the medical community most likely
through publication in a reputable medical journal.

9. I am willing to be contacted again in the future with regard to potentially
taking part (without any obligation) in further related research studies.

10. I agree to a copy of this consent form being sent to the Clinical
Trials Research Unit.

Signature.............................................................. 

Name (block capitals)........................................................... Date................ 

Signature of researcher............................................. 

Name (block capitals)............................................................Date…………….. 

1 copy for patient, 1 copy for the CTRU, 1 copy for medical records and 1 copy for Investigator Site 
File 

Appendix 2



 

A dynamic risk calculator supplied by the lead centre is to be used to calculate pre-test likelihood 
based on NICE guidelines (CG95, 2010) 

NOTES:    Patients with a previous MI are excluded from this study. 

For men older than 70 with atypical or typical symptoms, assume an estimate >90%. 

For women older than 70, assume an estimate of 61-90% EXCEPT women at high risk (i.e. smoking, 
hyperlipidaemia and diabetes) with typical symptoms where a risk of >90% should be assumed. 

_ Anginal pain is: 

– constricting discomfort in the front of the chest, neck, shoulders, jaw or arms

– precipitated by physical exertion

– relieved by rest or GTN in about 5 minutes.

People with typical angina have all the above anginal pain features, 

People with atypical angina have two of the features  

People with non-anginal chest pain have one or none of the features 

Patients with non-anginal chest pain are not eligible for this study. 
Patients with a likelihood of CHD of <10% or >90% are not eligible for this study. 



 

Amendment 
Number 

Summary of Changes 

1) 30/10/2012

 
2) 17/04/2013

‘unnecessary angiogram’.

’ to the exclusion 
 

3) 17/06/2013

 
4) 24/03/2014

 
5) 16/02/2015
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Glossary 

ACS Acute Coronary Syndrome 

AHA American Heart Association 

CABG Coronary Artery Bypass Graft 

[C]CT [Cardiac] Computed Tomography 

CeCAT Cost-effectiveness of functional cardiac testing in the diagnosis 

and management of coronary artery disease: a randomised 

controlled trial (See Ref [10]) 

CE-MARC Clinical Evaluation of Magnetic Resonance in Coronary Heart 

Disease. (See Ref [9]) 

CE-MARC2 Clinical Evaluation of Magnetic Resonance in Coronary Heart 

Disease 2. The present study. 

CHD Coronary Heart Disease 

[3T] CMR [3 Tesla] Cardiac Magnetic Resonance Imaging 

CONSORT Consolidated Standards of Reporting Trials. Refers to either the 

patient flow diagram, recommended by such guidance, or the 

guidance itself. 

CRF Case Report Form 

CTRU Clinical Trials Research Unit, Leeds Institute of Clinical Trials 

Research, University of Leeds 

CV Cardiovascular 

DMA Data Management Assistant 

DMEC Data Monitoring and Ethics Committee 

eGFR Estimated Glomerular Filtration Rate. A measure of kidney 

function. 

EQ5D (-3L/-5L) EuroQol 5-dimensions (-3 levels / -5 levels) 

ETT Exercise Tolerance Test 

FFR Fractional Flow Reserve: the extent to which a narrowing of an 

artery results in a reduction of oxygen uptake in the heart 

muscle. This measurement is used to define the primary 

endpoint. 

GCP Good Clinical Practice 

ITT Intention to Treat 

LAD Left Anterior Descending: one of the three coronary arteries 

LCx Left Circumflex: one of the three coronary arteries 

MACE Major Adverse Cardiovascular Event. Defined in S2.4.1 



 

MI Myocardial Infarction 

NHS National Health Service 

NICE National Institute for Health and Clinical Excellence 

NICE CG95 (2010) Clinical Guidance 95 (2010) Chest pain of recent onset: 

Assessment and diagnosis of recent onset chest pain or 

discomfort of suspected cardiac origin. Published March 2010. 

(See Ref [4]) 

PCI Percutaneous Coronary Intervention 

PTL Pre-test Likelihood (of CHD) Calculated using the equations 

from the Appendix of Ref [15] for estimating PTL of “significant 

disease”. 

QCA Quantitative Coronary Angiography 

QoL Quality of Life 

RCA Right Coronary Artery: one of the three coronary arteries 

SAQ (-UK) Seattle Angina Questionnaire (UK version) 

SAS Statistical Analysis Software. Cary NC, USA 

SD Standard Deviation 

SDS Summed Difference Score 

SF-12 (v2) Short Form 12 Questionnaire (v2) 

SPECT Single Photon Emission Computed Tomography 

SRS Summed Rest Score 

SSS Summed Stress Score 

TC Trial Coordinator 

TMG Trial Management Group 

TSC Trial Steering Committee 

of diameter 2.5mm. For vessels with >90% stenosis, for which FFR would not be 

of diameter 2.5mm. For vessels with <40% stenosis a nominal FFR of 



 

1. Introduction

Coronary heart disease (CHD) is a leading cause of death and disability worldwide [1]. In the 

UK, there are an estimated 1.98 million people suffering with symptoms of angina, which costs 

the UK economy £9.0 billion/yr [2]. From a patient perspective CHD is associated with either 

premature loss of life or a significant reduction in quality of life. The disease tends to run in 

families and exemplifies inequalities in health: lower socio-economic classes and ethnic 

minorities are particularly affected. Despite the continued high disease prevalence in the UK, 

over 10 years ago the National Service Framework on CHD recognised that ‘research findings 

were incompletely and variably applied in clinical practice and that there was an urgent need to 

correct this in the prevention, diagnosis and treatment of CHD’ [3]. It is well accepted that a 

variety of investigations may be used to diagnose CHD and to determine the need for coronary 

revascularisation. Increasingly non-invasive imaging tests are replacing exercise treadmill 

testing (ETT) in decision making. This is in part due to its limited diagnostic accuracy as 

exemplified in the current NICE guidelines (Chest pain of recent onset: Assessment and 

investigation of recent onset chest pain or discomfort of suspected cardiac origin. CG95.) [4]. A 

quoted systematic review in CG95 identified 147 studies (24,074 patients) which used coronary 

angiography as the reference standard for the diagnostic performance of ETT to detect CHD, and 

found that there was a wide range in sensitivities (weighted mean 68% (SD16), range 23% to 

100%) and specificities (weighted mean 77% (SD17), range 17% to 100%; overall prevalence 

of CHD was high in this systematic review at 66%) [5]. On this basis the new NICE guidelines 

did not recommend ETT for CHD diagnosis (in patients with no prior history of CHD) when taking 

into account the superior diagnostic performance of non-invasive imaging tests and a specifically 

performed cost effectiveness analysis. Non-invasive imaging tests used for the diagnosis of CHD 

include single-photon emission computed tomography (SPECT), stress echocardiography, 

cardiovascular magnetic resonance (CMR) imaging and cardiac computed tomography (CT).  

Current Practice 

Whilst the NICE guidelines (CG95) have provided a structured and evidence-based approach to 

the diagnosis of patients with chest pain, they are not without problems, and have caused some 

concern in the cardiology community [6]. In essence, the guidelines recommend invasive 

angiography as the most cost-effective first test if the likelihood of CHD is 61-90%, non-invasive 

functional testing (SPECT, stress echocardiography or stress CMR) if the likelihood of CHD is 30-

60%, CT scanning (with 64 slices or above) if the likelihood of CHD is 10-29% or no further 

testing if the likelihood of CHD is low (<10%) [4]. One of the major concerns with the guidelines 

is that they have separated out diagnosis from patient management by not more broadly 



 

considering ischaemia assessment. In addition there are major resource implications if these 

guidelines are adopted. Paradoxically it has been shown that adopting these guidelines could 

lead to an increase in invasive coronary angiography rates of between 20-28% over current 

levels [6], at a time when we are aware that coronary angiography rates are already too high 

(see below). Despite widespread availability of non-invasive imaging, patients with suspected 

CHD still very often end up having invasive coronary angiography. Principally this is to identify 

those with significant coronary artery atheroma that may benefit prognostically and 

symptomatically from revascularisation, whether by percutaneous coronary intervention (PCI) 

or coronary artery bypass grafting (CABG). It is well accepted that invasive angiography is 

associated with small but important procedural risks, which occasionally can be a deterrent, 

leading patients to decline appropriate investigation. The most serious complications of invasive 

coronary angiography include death (0.1 to 0.2%), non-fatal MI (0.1%) and cerebrovascular 

events (0.1%), with an overall risk of all major complications quoted at ~1.7% [7]. Much more 

commonly patients undergo invasive angiography and do not require revascularisation 

(prognostic benefit only being derived from primary prevention). For example, according to the 

2008-9 Hospital Episode Statistics data for England, the procedural figures for stable elective 

CHD patients were: diagnostic coronary angiography (119,954), coronary angioplasty (30,727) 

and heart bypass operations (18,232). These data suggest that in England alone approximately 

71,000 (60%) stable CHD patients underwent diagnostic coronary angiography but did not 

proceed to coronary revascularisation. These patients could be considered to have unnecessarily 

taken on the risk of an invasive procedure, as there turned out to be no indication for 

revascularisation. These data are further supported by figures from the American College of 

Cardiology National Cardiovascular Data Registry. From January 2004 through April 2008, at 

663 hospitals, 398,978 patients were identified without known CHD that underwent elective 

catheterisation. At angiography, only 149,739 patients (37.6%) had obstructive coronary artery 

disease leading the authors to conclude that “current strategies that are used to inform decisions 

regarding invasive angiography, including clinical assessment of risk and non-invasive testing, 

need to be improved substantially to increase the diagnostic yield of cardiac catheterization in 

routine clinical practice” [8]. 

These figures should rightly concern us, not only from a patient perspective but also in terms of 

inefficient resource utilisation in a financially constrained national health service (NHS). To 

illustrate the latter point, even if only half of those invasive angiograms (national tariff £1,385) 

in 2008-9 that did not lead to revascularisation could be avoided, there would be the potential 

to reduce NHS expenditure in England alone by ~£49m (real saving of ~£34m when the cost of 

additional non-invasive imaging is factored in (e.g. CMR at a tariff of ~£450).  



 

Purpose of CE-MARC2  

We believe that the cardiology community requires an appropriately powered, randomised 

controlled trial of non-invasive ischaemia assessment (functional imaging) to determine 

diagnosis and patient management. We know that invasive angiography rates are already too 

high, and that they will increase further if the NICE guidelines (CG95) are followed. We know 

that from a previous small single centre trial (CECaT), that using functional testing (CMR, SPECT, 

stress echo) invasive angiography could be avoided in 20-25% of patients [10]. We also know 

that patients rightly want to avoid unnecessary angiography if at all possible, but to date no 

clinical trial has tested the safety of this type of strategy in terms of clinical outcome. Thus we 

propose the CE-MARC2 trial, which would be a major advance from the simple and usually small 

diagnostic accuracy studies that are all too prevalent in the imaging literature. Having 

benchmarked the diagnostic performance of CMR and shown superiority against SPECT in the 

CE-MARC study [9], we now propose to evaluate 3T CMR prospectively in a three-arm trial to 

assess whether a CMR-guided management strategy is superior to current best clinical practice 

(based upon either the principles of NICE CG95 or AHA SPECT appropriateness criteria. This type 

of study would not previously have been acceptable to clinicians without the findings from CE-

MARC defining its diagnostic performance. It is of note that the widely used modality of SPECT 

has never been prospectively tested as we propose here for CMR. 

CE-MARC2 is a UK multi-centre, 3-arm parallel group, randomised controlled trial. A total of 

1200 patients with suspected CHD will be randomised to receive one of 3T CMR-guided care, 

SPECT-guided care or NICE guidelines-based management (CG95). Randomisation will be 

achieved using minimisation including a random element that will allocate patients on a 2:2:1 

basis to CMR:SPECT:NICE-based management. (See Figure 1) The trial will not be blinded, as it 

will be impossible to blind patients to their own management. The primary endpoint is 

unnecessary invasive coronary angiography occurring within 12 months. 



 

1. To determine if 3T CMR-guided care is superior to NICE guidelines-based management 

(CG95) in terms of reducing the rates of ‘unnecessary invasive angiography’ (defined by 

FFR >0.8) occurring within 12 months, in patients with a pre-test likelihood of CHD of 

10-90%.  

2. To determine if 3T CMR-guided care is superior to SPECT-guided management (AHA 

appropriateness criteria for SPECT) in terms of reducing the rates of ‘unnecessary 

invasive angiography’ (defined by FFR >0.8) occurring within 12 months, in patients with 

a pre-test likelihood of CHD of 10-90%). 

1. To determine if in high pre-test likelihood patients (61-90%), non-invasive functional 

imaging (CMR or SPECT) is superior to NICE guidelines-based management (i.e. direct to 

angiography), in terms of reducing the occurrence of ‘unnecessary invasive angiography’ 

(defined by FFR >0.8) within 12 months. 

2. To determine safety in terms of CV event rates (MACE defined as cardiovascular death, 

myocardial infarction, unscheduled revascularisation, hospital admission for 

cardiovascular cause) at 3 years between the 3T CMR-guided care group and those 

receiving NICE guidelines-based management. 

Figure 1: Brief trial design. 1200 patients will be randomised on a 2:2:1 basis to CMR-based care (N=480) SPECT-

based care (N=480) or NICE guidelines-based management. (N=240) Patients randomised to NICE based 

management will receive a testing pathway determined by their Pre-Test Likelihood of CHD (PTL See section 2.5.5) 

–
–
–



Although we have three possible comparisons included in our objectives, we only consider the  

3. To determine safety in terms of CV event rates (MACE defined as cardiovascular death, 

myocardial infarction, unscheduled revascularisation, hospital admission for 

cardiovascular cause) at 3 years between the 3T CMR-guided care group and those 

receiving SPECT-guided management (according to AHA appropriateness criteria). 

4. To estimate the rates of detection of CHD by coronary angiogram (defined by FFR <= 

0.8) for each diagnostic strategy. 

5. To evaluate the cost-effectiveness of a 3T CMR-guided care strategy compared to NICE 

guidelines-based management and to SPECT-guided management (AHA). 

1. To determine if SPECT-guided care is superior to NICE guidelines-based management 

(CG95) in terms of reducing the rates of ‘unnecessary invasive angiography’ (defined by 

FFR >0.8) occurring within 12 months, in patients with a pre-test likelihood of CHD of 

10-90%. 

2. To determine if in low pre-test likelihood patients (10-29%), non-invasive functional 

imaging (CMR or SPECT) is superior to NICE guidelines-based management (i.e. cardiac 

CT), in terms of reducing the occurrence of ‘unnecessary invasive angiography’ (defined 

by FFR >0.8) within 12 months. 

A total of 1200 participants will be randomised on a 2:2:1 basis to CMR-guided care, SPECT-

guided care and NICE-based management (CG95, 2010). All calculations in this section were 

performed using nQuery 7.0, and are based on continuity-corrected chi-squared tests or 

confidence intervals for differences in independent proportions. 

We expect the target population to be comparable to that of the CE-MARC study, in which we 

have benchmarked the diagnostic accuracy of 1.5T CMR compared with X-ray angiography and 

SPECT [9]. Of all of the CE-MARC patients with a pre-test likelihood calculated as 10-90%, the 

distribution of patients among the 10-29%, 30-60% and 61-90% PTL categories was 

approximately 10%:33%:57%. Using the estimated false positive rates within these subgroups, 

we obtained estimates of the overall false positive rate (i.e. proportion of test positive results in 

patients with no significant stenosis out of all patients) 



 

first two (between CMR and NICE and between CMR and SPECT) to be of importance, the final 

comparison is of minor interest only. Therefore, since the number of comparisons is fewer than 

the number of arms in the trial, we are justified in not adjusting the sample size or analysis for 

multiple comparisons, as argued by Cook and Farewell. [16] 

For the primary endpoint analysis when comparing CMR-guided care to NICE-based management 

- in which patients will be randomised 2:1 - we estimated the overall unnecessary angiography 

rate for CMR as 4.5% and possibly as high as 6.8%. The overall unnecessary angiography rate 

for NICE-based management was estimated to be as high as 35-40%, due to the guidelines 

dictating immediate X-ray angiography for all high risk patients. In CE-MARC, such patients were 

found to have an unnecessary angiography rate around 60%. For our sample size calculations, 

we assumed a NICE unnecessary angiography rate of 30%. Randomising 1200 patients would 

give us 480 CMR patients and 240 NICE patients. If we experience 20% non-completion then 

we would have 384 patients in the CMR group, 192 in the NICE group. This would give us 99% 

power to detect a difference between unnecessary angiography rates of 6.8% and 30% using a 

2-sided test at a 5% significance level. 

For the secondary endpoint analysis of assessing the difference in MACE rates, we assume that 

the CMR-guided care will experience a MACE rate 4% points greater than NICE-guided care. If 

the 3-year MACE rate varies between 3% and 9%, then 480:240 patients randomised in the 

CMR and NICE groups would provide an interval estimate of the difference that extends between 

3.9 to 5.7% from the estimate (after allowing for 20% non-completion). 

For the primary endpoint analysis when comparing CMR-guided care to SPECT-guided care in 

which patients will be randomised 2:2 (i.e. 1:1) - we estimated the overall unnecessary 

angiography rate as for SPECT-guided care to be around 11.7% in a similar way as before (from 

CE-MARC).  

For our sample size calculations, we used the same estimate of unnecessary angiography rate 

for CMR-guided care as before. Randomising 1200 patients would give us 480 CMR patients and 

480 SPECT patients. If we experience 20% non-completion, then we have 384 patients per 

group. This would give us 94% power to detect a difference between unnecessary angiography 

rates of 4.5% and 11.7% using a 2-sided test at a 5% significance level. If the CMR unnecessary 

angiography rate is as high as 6.8%, then we have 60% power to detect a difference between 

this and a SPECT rate of 11.7%.  



 

For the secondary endpoint analysis of assessing the difference in MACE rates, we assume that 

the CMR-guided care will experience a MACE rate 4% points greater than SPECT-guided care. If 

the 3-year MACE rate varies between 3% and 9%, then 480:480 patients in the CMR and SPECT 

groups would provide an interval estimate of the difference that extends between 3.3 to 4.7% 

from the estimate (after allowing for 20% non-completion). 

While the primary endpoint comparison in patients randomised to CMR-guided care and to NICE 

guidelines management has very high power, it would be acceptable to continue to recruit up to 

1200 patients, as we would require this many patients to adequately power our analysis of the 

secondary endpoint, and to provide sufficient power for the primary endpoint analysis in the 

comparison of CMR against SPECT guided care. 

Sample Size calculations for “positive angiogram” rates

Following a recommendation from the chair of the DMEC, an additional secondary endpoint was 

included in the analysis plan: the proportion of participants in whom a positive angiogram by 

FFR had resulted within 12 months. 

Since no a priori power calculation for this endpoint had been specified, the following tables show 

the half-width of a 2-sided 95% confidence interval for the observed differences in “positive 

angiogram” rates as the base rates and differences vary, for the expected samples sizes given 

20% drop out (it is assumed that the NICE guidance strategy will result in more positive 

angiograms than the other strategies). 



Randomisations will be achieved using minimisation incorporating a random element, via a 

computer-generated program, that will allocate patients in a 2:2:1 ratio between 

 

Observed Positive 

Angiogram rates 

NICE (N=192) SPECT (N=384) 

5% 10% 15% 20% 5% 10% 15% 20% 

CMR 0% 3.1% 4.3% 5.1% 5.7% 2.2% 3.0% 3.6% 4.0% 

(N=384) 5% 3.8% 4.8% 5.5% 6.1% 3.1% 3.7% 4.2% 4.6% 

10% - 5.2% 5.9% 6.4% - 4.2% 4.7% 5.0% 

15% - - 6.2% 6.7% - - 5.1% 5.4% 

20% - - - 6.9% - - - 5.7% 

To recruit 1200pts over 2½ years across 3 centres breaks down as 40 patients per month (Or 

~160pts/centre/yr) which is realistic and achievable, especially given the very large regional 

populations that are served by the recruiting centres.  

We demonstrated in the single centre CE-MARC trial a recruitment rate of 750 comparable 

patients in 3yrs and 5mths (~220pts/yr). We are thus confident that we can meet the 

recruitment target in CE-MARC2. The experience of completing the first CE-MARC trial will allow 

us to put effective recruitment strategies in place, and as Leicester and Glasgow have 

comparable patient populations to Leeds, we would expect near-equivalent recruitment rates. 

The number of potential centres is limited by the availability of 3T-CMR in the UK at the present 

time. However, should recruitment issues arise, the trial team will explore the possibility of 

recruiting patients from further suitable sites. 

Randomisation to one of the three study arms will be performed centrally using the CTRU 

automated 24-hour telephone randomisation system. Authorisation codes, provided by the 

CTRU, will be required to access the randomisation system. These activities will be performed 

by a member of the CE-MARC2 research team. 

Patients who fulfil the eligibility and have given written informed consent will be randomised to 

one of the three study arms and will be allocated a study number. Pre-test likelihood will be 

determined by the treating clinician as per the NICE guidelines CG95 (2010). 



significant reversible airways disease, second or third degree atrio-ventricular heart block, sino- 

 

CMR:SPECT:NICE after taking account of the following factors, details of which will be required 

for randomisation: 

• Randomising site

• Age (30-64, 65)

• Pre-test risk (10-29%, 30-60%, 61-90%)

• Gender (Male, Female)

Unbalanced assignment by minimisation is achieved using the method of Kuznetsova and 

Tymofyeyev [14] allocating equally to 5 “pseudogroups” before combining groups to form the 

2:2:1 allocation. Where one or more pseudogroups is preferred, a patient is assigned with 80% 

probability to the set of preferred pseudogroups, 20% probability to the set of remaining 

pseudogroups, and allocated with equal probability to each pseudogroup within that set. 

In statistical analysis, underlined values will be taken as the reference category levels, unless 

this category comprises fewer than 25% of patients. (See section S5.2.1) 

Patients will be required to satisfy the following criteria. Eligibility waivers to the inclusion / 

exclusion criteria are NOT permitted. 

Inclusion Criteria 

• Age 30yrs

• Suspected stable angina (CHD) that requires further investigation

• A defined risk of 10-90% (according to NICE guidelines CG95; 2010)

• Suitable for revascularisation if required

• Given written informed consent to participate in the trial

Exclusion Criteria 

• Non-anginal chest pain

Normal SPECT/CCT within 2 years

• Clinically unstable

• Previous MI or biomarker positive ACS

• Previous revascularisation with coronary artery bypass surgery or PCI

• Contraindication to CMR imaging (pacemaker, intra-orbital debris, intra-auricular

implants, intracranial clips, severe claustrophobia) 

• Contraindication to adenosine infusion (regular adenosine antagonist medication,



 

atrial disease) 

• Known adverse reaction to Adenosine or Gadolinium/iodinated contrast agents

• Obesity (where body girth exceeds scanner diameter)

• Pregnancy and breast feeding

• Known chronic renal failure (eGFR<30mL/min/1.73m2)

• Inability to give informed consent

Full interim reports containing unblinded safety data, endpoint data, recruitment, demographic 

and data completeness summaries will be prepared by the Trial Statistician and Trial Co-

ordinator and presented to the DMEC on an annual basis in the first instance. The Trial 

Statistician will also be required to produce a statistical analysis plan in advance of the annual 

DMEC reports. The DMEC, in the light of the interim reports and of any advice or evidence they 

wish to request, (including the extent to which treating cardiologists / investigators are 

complying with the protocol) will if necessary report to the Trial Steering Committee (TSC) if 

there are concerns regarding the safety of the trial treatment. The TSC will meet on a 6-monthly 

basis. 

No formal unblinded analyses are planned until after the trial is closed to accrual, the required 

number of patients has been randomised and sufficient follow-up data has been collected. The 

first of these will report results chiefly relating to the primary endpoint, and data for 12 months 

follow-up, will be scheduled to occur at some time after all patients are at least 12 months from 

randomisation. 

A template report containing example outlines of all required tables, figures and listings will be 

produced by the Trial Statistician, in advance of this final analysis. 

2. Endpoints

The primary endpoint is an “unnecessary” invasive coronary angiography within 12 months. In 

brief, this is defined as the occurrence of an invasive coronary angiogram within 12 months of 

randomisation that yields a negative result (As specified in section 2.3) 

1) Major adverse cardiovascular event (MACE) at 12 months and 3yrs; this will examine the



 

clinical consequences of the new diagnostic strategy. 

MACE is defined as one of the following: 

Death due to Cardiovascular cause (including type 3 MI) † 

Myocardial infarction† 

Unplanned revascularisation 

Hospital admission for cardiovascular cause 

o ACS Troponin –ve

o Spontaneous myocardial infarction (Type 1)†

o Myocardial infarction secondary to ischaemic imbalance (Type 2) †

o Myocardial Infarction related to stent thrombosis (Type 4b) †

o Arrhythmia

o Stroke

o Heart failure

† As defined by the third universal definition of myocardial infarction (see Appendix A). 

2) Positive angiogram detection within 12 months. This is the occurrence of an angiogram for

that patient that returns a positive result by FFR (ie FFR <= 0.8) within 12 months of 

randomisation. (See section 2.5) 

3) Cost effectiveness analysis (see section 14)

4) Health-related quality-of-life measures (Assessed at baseline, 6, 12, 24 and 36 months)

Seattle Angina Questionnaire – UK Version (SAQ-UK) 

Medical Outcomes Survey - Short Form 12 (SF-12v2) 

 EuroQol 5-Dimensions (EQ-5D) 

5) Complications – directly related to investigational or procedural aspects of the study that

result in prolonged hospital stay or specific treatment that would otherwise have not been 

required. 

Unnecessary invasive coronary angiogram (negative angiogram by FFR) within 12 months. 

This will be defined at the time of coronary angiography by a FFR measurement of >0.80 (i.e. 

no functional ischaemia) in all vessels 2.5mm (vessel stenosis>90% will be considered to have 

an FFR value of 0.5 and stenosis<40% will be assumed to have an FFR of 0.95, such that FFR is 



 

not required in these vessels). 

In general, patients whose assigned strategy directs them to angiogram for a negative result by 

FFR will be deemed to have had an unnecessary angiogram. In the Intention To Treat Analysis 

(See section 3.1) the primary endpoint will also include patients who had a [correct] negative 

non-invasive test result but went on to receive a non-per-protocol coronary angiogram, with a 

negative FFR result. Such patients will be excluded from the per-protocol analysis of the primary 

endpoint. 

An “Unnecessary angiogram” will be defined as one of the following: 

• A negative angiogram result by FFR and positive non-invasive test (either 3T CMR or

SPECT/CCT) (i.e. a False Positive test result) 

• A negative angiogram result by FFR in a high pre-test risk (61-90%) patient that proceeds

directly to invasive angiography in the NICE guidelines-based strategy arm (i.e. a False Positive 

for the strategy). 

• A negative angiogram result by FFR and a negative non-invasive test (either 3T CMR or

SPECT/CCT) (i.e. a True Negative strategy result in which the imaging result was ‘not believed’ 

by the treating cardiologist – based on ITT principles).  

• A negative angiogram result by FFR and an inconclusive non-invasive test result (either

3T CMR or SPECT/CCT) in which angiography had to be performed to make the diagnosis (i.e. 

failure of the strategy to produce a diagnosis). 

If a patient undergoes any additional angiograms during the first 12 months since randomisation, 

any “unnecessary” angiogram will contribute towards this endpoint. 

MACE is defined as one of the following: 

Death due to cardiovascular cause (including type 3 MI) † 

Myocardial infarction† 

Unplanned revascularisation 

Hospital admission for cardiovascular cause 

o ACS Troponin –ve

o Spontaneous myocardial infarction (Type 1)†

o Myocardial infarction secondary to ischaemic imbalance (Type 2) †

o Myocardial Infarction related to stent thrombosis (Type 4b) †



 

o Arrhythmia

o Stroke

o Heart failure

† As defined by the third universal definition of myocardial infarction (see Appendix A).  

Patients may also experience one of two particular cardiac events, but these will not contribute 

toward the secondary MACE endpoint: 

• Peri-procedural myocardial infarctions - type 4a (related to percutaneous coronary

intervention) and type 5 (related to coronary artery bypass grafting). 

• Planned revascularisation (PCI or CABG) based on the index FFR results.

If a patient only experienced either of these events, they will be deemed to have not experienced 

a MACE. In any time-to-event analyses, a patient experiencing any of these as a first event will 

continue to be followed in the analysis until a specified MACE event occurs (and beyond, if 

appropriate). 

If a patient experiences a PCI / CABG that was not planned as a result of the index angiogram, 

then this shall be considered unscheduled / unplanned. This shall apply even if a 

non-CE-MARC2 angio is arranged, resulting in a positive FFR. 

The Positive Angiogram rate will be determined from the proportion of patients who undergo an 

angiogram within 12 months of randomisation which yields a positive finding by FFR (or QCA 

where no FFR reading is undertaken for reasons outlined in S2.5.1)  

This is covered in the separate Health Economics section. 

Seattle Angina Questionnaire – UK Version (SAQ-UK) 

Medical Outcomes Survey - Short Form 12 (SF-12v2) 

EuroQol 5-Dimensions (EQ-5D) 

Any complication that is directly related to investigational or procedural aspects of the study that 

result in prolonged hospital stay or specific treatment that would otherwise have not been 

required will be counted as a complication for each strategy. 



 

If a death form is returned which identifies a cause of death as neither being unknown nor non- 

 

A positive angiogram is defined as an angiogram with a positive FFR finding (FFR 0.8 in any 

coronary artery with a diameter  2.5mm)  

A negative / unnecessary angiogram is defined as an angiogram with a negative FFR finding (No 

FFR 0.8 measured, nor any significant stenosis by QCA, nor a visually assessed stenosis of 

>90%) 

A positive angiogram by FFR result will occur if during the index angiogram (mandated by the 

NICE CG95 management, or dictated by positive non-invasive test result on randomised 

strategy, or following from a disbelieved negative non-invasive result, or an inconclusive non-

invasive result) or any subsequent angiogram within 12 months of randomisation a value of 

0.8 for FFR is recorded, in any coronary artery with a diameter 2.5mm. If a positive FFR 

finding is observed for that patient, then this will be taken to be a positive angiogram finding. 

Since clinicians may observe a highly stenosed or delicate coronary artery which may not be 

suitable for pressure wire usage, and decide to assess the segment by visual assessment or 

QCA, the following rules will be used on arteries where a pressure wire cannot be safely used: 

Stenosis by visual assessment or QCA>90% shall be considered to have an FFR of 0.5. 

Stenosis by visual assessment or QCA<40% shall be considered to have an FFR of 0.95. 

In the small number of patients where FFR cannot be performed for clinical/safety reasons, if a 

coronary artery segment analysed by QCA has a stenosis value of 70% in one view, or 50% 

in two orthogonal views ( 50% in both views for LMS), then this shall be taken to be evidence 

of flow-limiting stenosis, and shall count towards determining that an angiogram was necessary. 

For a patient undergoing angiography and the CRF records that no stenosis >40% was observed 

(in segments of 2.5mm diameter or greater), or where the FFR was >0.80, or where QCA shows 

no stenosis 70% (or >= 50% in two orthogonal views, >=50% in both views for LMS), an 

negative angiogram finding will be concluded if the outcome of the procedure was “medical 

management”. 



When implementing the risk equations in statistical programs, the formula will be checked 

against a test dataset comprising 50 patients with risk factor levels determined at random, and 

 

cardiovascular, then the patient will be deemed to have died due to cardiovascular causes. 

The Seattle Angina Questionnaire (SAQ-UK) and SF-12 tool will be scored according to the 

scoring methods provided. A summary of the scoring rules for the SAQ-UK is included as 

Appendix C to this Analysis Plan. For the SF-12, a licensed score calculator will be used to obtain 

the scored values for each patient. 

In analyses of endpoints at fixed 12 month and 36 month timepoints, these times shall be taken 

to be time since date of randomisation, but will allow for a time window of up to 4 weeks before 

or after the expected assessment date. Where an assessment is made at successive visits, the 

actual time since randomisation will be used for modelling, rather than using fixed time values 

for 12, 24 and 36 months. 

From the patient’s gender, age and medical history the Pre-test Likelihood of CHD (PTL) will be 

calculated using the risk equations [15] that form the basis for NICE Guideline CG95 (2010). For 

risk-stratification, hyperlipidaemia is defined as having either total cholesterol concentration of 

6.47mmol/L or greater, or being treated with lipid-lowering drugs classed as statins or “Other 

lipid lowering drugs”. 

For patients who are female and aged over 70, there are no estimates of PTL provided, owing to 

the risk equations being validated in patients aged 30-70. Instead, the guidance suggests “For 

women older than 70, assume an estimate of 61-90% EXCEPT women at high risk and with 

typical symptoms where a risk of >90% should be assumed.” Accordingly, the following rules 

will be implemented when summarising the PTL for women aged over 70: 

If 61-90% risk is estimated, take the midpoint of 75%; 

If >90% risk is estimated, take lowest value of 91%. 

Patients who do not have a PTL estimated from the risk equations, due to their age, and / or 

other factors (For example, women aged over 70) will be excluded from summaries of PTL as a 

continuous variable. Where an interval for their PTL is suggested, these patients will be included 

in categorical summaries of the PTL. 



 

PTL calculated using the agreed CE-MARC2 PTL calculator spreadsheet file. The implementation 

will be re-validated by comparing the first 50 randomised patients’ PTL calculated in 

programming against those calculated from the risk equations in the CE-MARC2 PTL calculator 

spreadsheet file. 

Patients randomised up to 8th April 2013 will have been randomised using a differing approach 

to PTL estimation: a lookup table in NICE CG95 summarised a patient’s pre-test likelihood 

according to age category, gender, symptom and “high” or “low” risk. Patients were considered 

to be high risk if they were either hyperlipidaemic, diabetic or a current smoker. Such patients 

will have their PTL estimated using the risk equations as for subsequent patients; however, a 

note will highlight the change in PTL estimation approach for these patients. 

Data management will focus on the consenting process, participant eligibility, safety, date 

consistency and test outcomes. Attempts will be made to retrieve missing data on these areas 

via a thorough data cleaning process. Every effort will be made to obtain key data items, as 

specified in the key data items document, all key data will be 100% checked for quality and 

completeness by the Trial Co-ordinator. See Data Monitoring, Section 4.1 for further details.  

The levels of missing data and reasons for missingness will be investigated for the consenting 

process, participant eligibility, safety, date consistency and test outcomes. The quantity of 

missing data will be monitored by treatment group, and a summary of the number of patients 

with missing primary endpoint data and the quantity of missing data by treatment group and 

centre will be reported.  

For the primary endpoint, if a patient withdraws consent for further participation or is lost to 

follow-up before the occurrence of any angiogram within 12 months, the outcome (occurrence 

of an unnecessary invasive coronary angiogram / negative angiogram) will be assumed to be 

“no event”, i.e. no unnecessary invasive coronary angiogram occurred.  

If more than 5% of patients are withdrawn or lost-to-follow-up before the first angiogram within 

12 months of randomisation, then the outcome will be imputed under the following patterns as 

sensitivity analyses: 

Multiple Imputation used to impute missing outcome (unnecessary invasive coronary 

angiogram) as a function of the minimisation variables and the randomised allocation; 



 

Withdrawn / Lost patients assumed to have had an unnecessary angiogram within 12 

months of randomisation. 

The primary analysis model will only require the minimisation variables, which are immediately 

available when randomisation is concluded, so no concerns about missing baseline covariate 

data will arise in this model. When extending the primary endpoint analysis model to include 

additional categorical baseline covariates, which may be partially missing, a “missing” category 

level will be added to the model for each covariate with at least one missing value. If values of 

one or more covariates are more than 5% missing, then the following methods will be used to 

impute missing categorical baseline covariates as sensitivity analyses: 

Regression imputation: missing data values will be predicted from binary and multinomial 

logistic regression models using the minimisation variables as predictors. 

Multiple Imputation will be used to impute missing covariates. Rubin’s rules will be used 

to combine imputed datasets. 

Patient-reported outcome measures (EQ-5D, SF-12, SAQ-UK) completed by postal questionnaire 

will not be chased if not received. 

3. Populations

An intention-to-treat analysis will be the primary method for analysing and summarising the trial 

data. The intention-to-treat population is defined as all randomised patients, regardless of if they 

are ineligible, withdrawn, don’t comply with the protocol, are lost to follow-up or don’t receive 

any study treatment. Only patients who have withdrawn their consent for their data to be used 

in the study, or for whom written informed consent has not been received, will not be included 

in this population. These patients will be analysed and summarised according to the intervention 

they were randomised to receive. 

In the per-protocol population, patients will be analysed according to the strategy / test they 

received. The per-protocol population will exclude patients whose tests or trial conduct constitute 

a major protocol violation (see Appendix B). A list of such violations will be discussed and agreed 

by the TMG prior to analysis. When analysing the primary endpoint in this population, the 

definition of the primary endpoint will exclude unnecessary angiograms where a patient’s non-

invasive test result was negative, but overruled (or “not believed”) by the treating clinician.  



 

In the safety population, safety data will be analysed according to the actual test received. 

A separate quality of life population will be formed for the analysis of each questionnaire. (SF-

12v2, EQ5D-3L, EQ5D-5L and SAQ-UK) Each population will comprise all patients who return an 

analysable baseline questionnaire. 

4. Data Handling

Data will be monitored for quality and completeness by the CTRU in the following areas; 

consenting process, participant eligibility, safety, date consistency and test outcomes. Missing 

data in these areas will be chased until it is received, confirmed as not available or the trial is at 

analysis. Any problems with data collection will be discussed at internal project team meetings 

and, if appropriate, external project team meetings. All efforts will be made to ensure that as 

much of the data is present as possible and that reasons are obtained when data is unobtainable. 

The CTRU/Sponsor will reserve the right to intermittently conduct source data verification 

exercises on a sample of patients, which will be carried out by staff from the CTRU/Sponsor. 

Source data verification will involve direct access to patient notes at the participating hospital 

sites and the on-going central collection of copies of consent forms and other relevant 

investigation reports. A Trial Monitoring Plan has been developed which details the standard data 

and process monitoring performed for this trial being conducted by the CTRU. 

An independent data monitoring and ethics committee (DMEC) will review the safety and ethics 

of the trial as described in Section 1.7. The DMEC, in the light of the interim reports and of any 

advice or evidence they wish to request, (including the extent to which treating cardiologists / 

investigators are complying with the protocol) will if necessary report to the Trial Steering 

Committee (TSC) if there are concerns regarding the safety of the trial treatment. 

The following will also be examined continuously during the course of the trial: 

Consent 

Recruitment 

Randomisation 

Data quality/completeness (priority will be given to the key data items used to analyse 

the primary endpoint) 



 

Compliance with the protocol(e.g. eligibility, treatment group changes) 

SAEs/SUSARs/Deaths/Pregnancies 

Withdrawals from the trial / losses to follow-up 

Data management will focus on the data associated with the consenting process, participant 

eligibility, safety, date consistency and test outcomes and this section refers to the cleaning of 

these items. The Data Management Assistant (DMA)/ Trial Co-ordinator (TC) will carry out initial 

validation of the forms in accordance with the trial-specific Data Management Work Instructions. 

This will ensure that data is complete, consistent, and up-to-date. The Data Clarification Form 

(DCF) will be sent to sites to highlight missing data items and queries associated with data 

collected on CRFs to date. Reasons should be obtained when data is unobtainable. 

The database will validate most data in line with validation rules and highlight any issues that 

need further investigation i.e. with the site. Manual checks on all entered data will be performed 

prior to the validations being implemented. Data items collected relating to the safety and rights 

of individual patients are to be highlighted via priority validations and dealt with as a data 

management priority. Periodic batch validation will also be carried out to detect any data queries 

that may be missed if case record forms (CRFs) are entered in an order that does not allow real 

time validation checks to work. 

A key data items list drawn up by the Trial Statistician that will include all data items that are 

required for the analysis of the primary endpoint. All key data items will be checked manually 

for completeness and accuracy by the DMA/TC, in addition to any automatic checks raised on 

the database. Data automatically generated through the 24-hour randomisation system will be 

checked by the Trial Statistician. 

The Trial Statistician will also perform checks to identify any missing or inconsistent data and 

liaise with the Senior Data Manager to resolve any queries. 

The data will be validated and checked using SAS in the following steps: 

The data will be read into permanent SAS data sets.  

A random sample of 5 patients from each SAS dataset will be checked against the data 

as seen on the database to ensure that the data transfer has been successful. The names 

and contents of the variables can be found on the annotated final database specification 

reports in the Statistician’s Trial File.  



Data checks will include:- 

Eligibility checks 

Sequential dates 

Checks for unusual and outlying data 

Inconsistency in data between forms  

Checks for missing data (are there variables which are systematically missing/do specific 

variables have a large amount of missing data, particularly key outcome data) 

Other checks as deemed appropriate 

Any inconsistent data will be noted and an e-mail sent to the data manager responsible for the 

study. A copy of this e-mail will be kept in the statistician’s trial file. All queries will be resolved 

and the outcome documented. 



 

Analyses of primary and secondary endpoints will be performed separately for the CMR-guided  

5. Data Analysis

Unless otherwise stated, the NICE-guidelines strategy shall be summarised as a single “NICE 

CG95 (2010)” strategy for summarising, but split into the 3 components of “NICE-CT”, “NICE-

SPECT” and “NICE-Angio” for listings, according to the pre-test-likelihood stated at 

randomisation. 

Confidence intervals for a single proportion shall be calculated using Wilson “Score” type 

intervals. [11] Confidence intervals for a difference between independent proportions shall be 

calculated using Newcombe-Wilson type intervals. [12] Where built-in calculations for these 

intervals are unavailable in statistics software, these will be validated after programming using 

the numerical examples included in the referenced papers, and considered correct if the results 

agree to the same level of precision. 

All percentages will be calculated using the total number of patients within the specified analysis 

population as the denominator (i.e. including all patients with missing data for that variable), 

percentages will be reported to 1 decimal place. All statistical tests will be 2-sided and performed 

at the 5% significance level. All analyses will be carried out using SAS.  

For summary statistics, the number of non-missing items, the means, standard deviations, 

medians, upper and lower quartiles and minima and maxima will be summarised to one more 

decimal place than the data are collected. Values that are below the limit of detection and 

therefore non-quantifiable will be summarised using the limit of quantification value. For listings, 

if required, the non-quantifiable value would be reported as an inequality and the limit of 

quantification value used would also be reported. 

When handling the minimisation factors, patient data will be categorised as described for 

analysis. Where the data entered on the telephone randomisation system differs from any values 

derived from baseline data, the corrected values resulting from the data cleaning process will be 

used for the primary analysis. Subgroup analyses will also use the corrected values. 



 

vs. NICE-guided; for CMR-guided vs. SPECT-guided and SPECT-guided vs. NICE-guided care 

comparisons. Multivariable modelling to compare CMR vs. NICE strategies will exclude SPECT-

guided patients. The analogous analysis to compare CMR vs. SPECT-guided patients will exclude 

NICE-managed patients, and that for SPECT vs. NICE-guided patients will exclude CMR-guided 

patients. There is no analysis planned where NICE-guided patients expected to undergo SPECT 

imaging will be combined with SPECT-guided patients for the CMR vs. SPECT comparison. 

Multivariable analyses will not be “built” following a model-fitting strategy. Instead, all variables 

specified for inclusion will be added to the model, and the significance of each factor will be 

reported. Where one categorical variable has more than one “factor level” (For example: PTL 

categories are 0-9, 10-29, 30-60, 61-90, 91+) then the significance of overall effect of including 

all factor levels will be tested, rather than those for each individual factor level. For all factor 

levels, suitable point and interval estimates of effect size will be presented. 

Categorical variables shall use a pre-specified reference level. In the case of the 4 minimisation 

factors, the first value (underlined in section S1.5) shall be used as the reference category, 

unless said category comprises fewer than 25% of patients. In that case, the earliest value in 

the list that comprises 25% or more patients shall be used as the reference category level. By 

default, the randomising centre will be fitted as a fixed effect, both in the primary endpoint 

analysis, and in subgroup analyses, and the largest centre will be taken to be the reference 

category. 

If any analysis requires the use of simulation and / or re-sampling methods, the initial “seed” 

value for the random number generation will be 0471347728. The same seed will be used at the 

start of every such analysis. 

Patient baseline characteristics as recorded on the baseline assessment and randomisation forms 

(F03 and F04 respectively) will be tabulated using frequencies and summary statistics by 

treatment group, for each randomising centre and in total, for the intention-to-treat population 

(and per-protocol and safety populations if appropriate). No statistical testing will be carried out 

on these data.  

All Tests 

The numbers of patients undergoing each test will be presented. Reasons for patients not 

undergoing each test, or not fully completing each test will be presented. The conclusions for 



each test will be summarised, along with the decisions on patient management as a result of the 

test. The time between randomisation and the index test shall be summarised for each test and 

overall. For all non-invasive tests, the numbers proceeding to angiogram shall be presented, and 

the time between non-invasive test completion and angiogram will be summarised. For SPECT, 

the time shall be taken from the later of the SPECT Stress and SPECT Rest examinations. 

Image qualities will be summarised on a categorical basis. 

Since it is possible for a patient to receive an alternative test as a replacement for that suggested 

at randomisation, all test summaries shall be across all three randomised groups. 

Segment-level data (SPECT and CMR) 

Where variables are measured on a segment basis, we will analyse the 17-segment bulls-eye 

diagram both on a per-segment basis (i.e. reporting the scores each patient reports in each 

segment) and on a per-patient basis (i.e. summing the scores in all segments for the patient)  

If a test has rest and stress sections in which defects will be assessed, then a summed difference 

score (SDS) will be computed as the summed stress score (SSS) minus the summed rest score 

(SRS). If a test is evaluated using attenuation correction, then the effect of attenuation will be 

presented on a per-patient basis as the difference between the summed scores with and without 

attenuation correction. 

It will be assumed that any segment in the bulls-eye diagram that is left blank will have no 

defects identified, and so will be completed with a zero grade value. Any severity grades of 9 

(“Unable to assess”) will not be included in any summed scores, but will be included in categorical 

summaries of segment-level data. 

SPECT-Specific 

In the case of SPECT, the time from randomisation to test shall be defined as the time from 

randomisation to the earlier of the SPECT Stress and SPECT Rest examinations. For time from 

test to angiogram (where applicable) the time shall be taken from the later of the SPECT Stress 

and SPECT Rest examinations. The interval between SPECT Stress and SPECT Rest tests will be 

summarised, along with SPECT-specific test parameters and artefacts. 

3T CMR-Specific 

CMR-specific test-parameters and artefacts will be summarised. 



 

CT-Specific 

Summaries of CT calcium scoring will be presented by vessel and overall. This will be done both 

on continuous and categorical bases, using the cut-offs used in the NICE CG95 (2010) guidelines 

(0, 1-400, 401+). CT-specific test parameters and artefacts will be summarised. 

X-ray Angiography-specific 

Reasons for undergoing angiography will be summarised. Numbers of patients in whom coronary 

stenosis were identified will be presented. The numbers of segments assessed by FFR will be 

presented, along with a summary of the numbers of segments assessed in each patient. The 

maximum values of FFR for each patient will be summarised. The numbers of segments assessed 

by QCA in each patient will be summarised, and the maximum values of stenosis severity by 

QCA for each patient will be summarised. 

Vessel-specific disease will be classified according to location of any flow-limiting stenosis. On 

the 15-segment diagram used for Coronary Angiography, stenosis in segments 1-4 will 

correspond to the Right Coronary Artery (RCA), segments 6-10 to the Left Anterior Descending 

(LAD) segments 11-15 to the Left Circumflex (LCx) and segment 5 to the Left Main Stem (LMS) 

which feeds the LAD and the LCx. If flow-limiting stenosis is detected only in one of the RCA, 

LAD or LCx (not in the LMS) then this shall be considered as single vessel disease (1VD). If flow-

limiting stenosis is found in two of the three arteries, or is found in the LMS with no stenosis in 

the RCA, then this shall be considered double vessel disease (2VD). If flow-limiting stenosis is 

found in all three arteries, or in the LMS and in the RCA, then this shall be considered triple-

vessel disease (3VD). 

The numbers of patients undergoing an unnecessary invasive coronary angiography (i.e. 

negative angiogram) within 12 months of randomisation will be summarised within each of the 

3 strategy groups. Differences between the NICE-guidelines strategy and the 3T-CMR and SPECT 

strategies’ unnecessary angiography rates will be presented, along with 95% confidence 

intervals for the true difference. 

For the primary endpoint analysis, the unnecessary angiography rates for SPECT-guided care 

and NICE-guideline based management will be compared to that for CMR-guided care using a 

binary logistic regression model, which will adjust for patient’s age in years (categorised as in 

randomisation stratification), gender, randomising centre and PTL category (0-9%; 10-29%; 

30-60%; 61-90%; 91+%). The odds ratio for unnecessary angiogram in the SPECT and NICE 

groups against the CMR group will be reported with 95% confidence interval and p-value for the 



 

data seen, under the null hypothesis that unnecessary angiogram rates are no different between 

the pairs of groups. 

The binary logistic regression model will be extended to include other relevant cardiovascular 

risk factors (as decided by the TMG) of hypertension, diabetes (No, Type I, Type II), smoking 

status (Current Smoker, Ex-Smoker, Never Smoked) and ethnicity (White used as reference 

category) to understand the robustness of the results when controlling for other factors. 

The adequacy of the logistic regression models for the primary endpoint will be assessed by 

examining the following statistics and relevant graphical summaries: [13] 

Pearson and Deviance Residuals (Half-normal plots) 

Added Variable Residuals for including other relevant baseline covariates 

Leverage values 

Cook’s Distance 

Cross validation probabilities (the probability of a particular observation, conditional on 

the remaining observations) 

L-statistics (the influence of an observation on the difference in deviance due to fitting 

the treatment effect) 

To understand the consistency of the results, pre-specified subgroup analyses will be performed 

to identify differential benefits in terms of receiving an unnecessary angiogram. 

Methodologically, these will be performed as 2-sided tests of interaction between the 

strategy/group “effect” and the effect of the risk factor when building the logistic regression 

model. Subgroup analyses of particular interest specified in advance by the TMG are age, gender, 

hypertension, diabetes, ethnicity, smoking status (categorised as above) and BMI (Categorised 

as [0, 18.5), [18.5, 25), [25, 30), [30,highest]). In the primary analysis, all interaction effects 

will be fixed effects. For each interaction effect, the relevant Odds Ratio for unnecessary 

angiogram compared to CMR will be presented with 95% Confidence Interval, along with the 

numbers of patients contributing to each subgroup. A forest plot summarising the interaction 

effects will be presented. Post hoc subgroup analyses will always be described as such. 

Missing Data 

As detailed in Section 2.6.1, the primary endpoint (unnecessary invasive coronary angiogram) 

will be imputed under a “missing = no event” strategy. If more than 5% of patients are 

withdrawn or lost to follow-up before the first angiogram within 12 months is reported, then the 

following methods will be used as sensitivity analyses to impute the primary endpoint: 



 

Multiple Imputation: the binary outcome of “unnecessary invasive coronary angiogram” 

will be imputed from the primary analysis logistic regression model: randomising centre, 

gender, age category and PTL category will be independent variables. One imputation will 

be performed for each missing event, and the parameter estimates will be combined 

under Rubin’s rules. 

A “missing = event occurred” strategy will be used to impute missing events. 

When the primary analysis model is extended to include additional baseline covariates, missing 

values will be assigned to a “missing” category level. If values of one or more covariates are 

more than 5% missing, then a sensitivity analysis will use regression imputation to impute 

missing binary or categorical data from logistic regression models using the minimisation 

variables as predictors. 

Mixed Effects Modelling 

The effect of fitting a random centre effect - rather than a fixed effect - will be investigated. The 

subgroup analysis will be repeated to produce a centre-by-strategy interaction effect as a 

random effect. 

To account for potential clustering between patients under the care of the same clinician, a mixed 

effects logistic regression model will be fitted where the random centre effect is replaced instead 

with a random clinician effect. If feasible, a second model that also accounts for clustering within 

centres will be fitted. (That is to say, the second model will consider clinicians clustered within 

centres, and patients clustered within clinicians) 

The key secondary endpoint analysis of MACE occurrence at 12 and 36 months will be estimated 

at the appropriate timepoints. 

The numbers of patients for whom a cardiac cause of death is recorded, or a cardiac 

hospitalisation is recorded will be presented. A summary of reasons for the first MACE events, 

and all MACE events occurring in the time window will be presented. If suitable, a summary of 

numbers of events per patient will be presented. The proportions of patients randomised to each 

of the 3 strategies will be presented, along with 95% confidence intervals.  

The key secondary analysis of the choice of strategy on the risk of MACE at 12 and 36 months 

will be assessed by presenting the difference between the MACE rates for CMR and those for 

NICE or SPECT, and a 95% confidence interval for the difference in the rates. The time-to-first-



A listing of Related Unexpected Serious Adverse Events will be presented, and summarised by 

test undertaken (Safety Population). 

MACE will be summarised using Cox proportional hazards regression, adjusting for all the risk 

factors specified in the extended model for the primary endpoint. Kaplan-Meier plots of time to 

first MACE will be presented. Median MACE-free survival time will be presented with 95% 

confidence interval, if this time is reached. No formal testing of a hypothesis that MACE rates 

are no different (or no worse) between two arms in question will be undertaken: such tests are 

unlikely to have sufficient power to correctly conclude equivalence / non-inferiority if this is the 

case. 

To determine if CMR or SPECT is superior to NICE guidelines-based management in terms of 

reducing the occurrence of unnecessary angiography, the CMR and SPECT groups will be 

combined to form a single “Non-invasive imaging” group, and the risk of these patients who 

have high and low PTL of CHD undergoing an unnecessary coronary angiogram within 12 months 

of randomisation will be compared against the same high and low PTL patients in the NICE-

guidelines group. The logistic regression modelling approach for the primary endpoint will be 

followed, fitting the extended model specified in Section 5.2.3. 

The overall rates of “Necessary” / “Positive” angiogram (by FFR) will be estimated, using the 

total number of patients in the population as the denominator, and 95% confidence intervals will 

be presented for these rates. The absolute differences in the rates for CMR and NICE or SPECT, 

along with 95% confidence intervals for differences in proportions, will be presented. The 

“history” of positive angiogram findings will be summarised according to whether the endpoint 

resulted from a positive non-invasive test (a true positive finding), a negative non-invasive test 

that led to a non-per protocol angiogram (a false negative finding) an inconclusive non-invasive 

test, a “direct-to-angio” order due to NICE guidelines for high PTL patients, or other reasons. 

The Health Economics analysis will be undertaken separately. A separate analysis plan will be 

written by the York Centre for Health Economics. CTRU will arrange for the relevant data items 

to be transferred to the Health Economics team to facilitate their analyses. 

Safety 

Test Complication rates will be summarised by test undertaken (Safety population). Since a 

patient may receive a test other than that randomly selected, this summary will be presented 

by randomised strategy group. Test Complications will be listed. 



 

Quality of Life Analyses 

Summaries of Quality of Life measures will include summaries of completion by timepoint, at an 

individual question level and a scale or domain level where appropriate. 

In all repeated measures modelling, the modelling assumptions will be checked by examining 

the residuals and predicted values from the model. 

EQ-5D-3L and EQ-5D-5L 

The responses to the Visual Analogue Scale “Thermometer” type questions will be summarised 

at each timepoint. These values will be analysed using a repeated measures regression model, 

adjusting for randomising centre, age, gender and pre-test likelihood and baseline values (all 

modelled as fixed effects) and patient and patient by time effects (modelled as random effects) 

as well as time, randomised group and time by group interaction. 

The categorical responses to the 5 questions will be summarised at each timepoint. 

SAQ-UK

The scores for the summary measures of the SAQ (Physical limitation; Angina Stability; Angina 

Frequency; Treatment Satisfaction; Quality of Life) will be summarised at each timepoint 

separately and analysed separately (a combined overall SAQ score is not generated by this 

scale). For each, a repeated measures regression model, adjusting for randomising centre, age, 

gender and pre-test likelihood and baseline values (all modelled as fixed effects) and patient 

and patient by time interaction effects (modelled as random effects) as well as time, randomised 

group and time by group interaction effect. 

SF-12

The scores from the eight health domains, as well as the 2 aggregated Mental and Physical 

overall health scores will be summarised at each timepoint separately and analysed separately. 

For each, a repeated measures regression model, adjusting for randomising centre, age, gender 

and re-test likelihood and baseline values (all modelled as fixed effects) and patient and patient 

by time interaction effects (modelled as random effects) as well as time, randomised group and 

time by group interaction effect. 

Patient flow 

In line with the CONSORT guidelines for reporting randomised controlled trials, a flow diagram 



 

shall illustrate the flow of patients through the study, including the strategies to which they were 

assigned, the test strategies actually received and the subsequent management of the patients 

through to end of follow-up. The flow diagram will include the numbers of patients contributing 

to each analysis population. 

The reasons for patients not being randomised in the study will be summarised. The dates on 

which the first and final patients were randomised will be reported. 

Withdrawals and loss to follow-up 

The number of patient and PI withdrawals/loss to follow-up and reasons for these withdrawals 

will be summarised.  

Protocol violators/deviations 

Protocol violations/deviations will be summarised overall, by treatment group and centre, 

including violations of eligibility criteria on entry into the trial, deviations from the treatment and 

assessment schedule. 

All serious and potential breaches of GCP that have occurred throughout the trial will be 

summarised by the Trial Co-ordinator and presented in the final report. 

6. Reporting and Dissemination of the Results

The trial has been registered with ClinicalTrials.gov (NCT01664858) 

The success of the study depends upon the collaboration of all participants. For this reason, 

credit for the main results will be given to all those who have collaborated in the study, through 

authorship and by contribution. Uniform requirements for authorship for manuscripts submitted 

to medical journals will guide authorship decisions. These state that authorship credit should be 

based only on substantial contribution to:  

conception and design, or acquisition of data, or analysis and interpretation of data 

drafting the article or revising it critically for important intellectual content  

final approval of the version to be published  

and that all these conditions must be met (www.icmje.org).  



 

In light of this, the Chief Investigator, Co-Applicants and senior CTRU staff will be named as 

authors in any publication, and an appropriate first author agreed through discussion amongst 

the Trial Management Group (TMG) members. In addition, all collaborators will be listed as 

contributors for the main study publication, giving details of their roles in planning, conducting 

and reporting the study. The CE-MARC2 team should be acknowledged in all publications, as 

should British Heart Foundation. Other key individuals will be included as authors or contributors 

as appropriate and at the discretion of the TMG. Any disputes relating to authorship will be 

resolved by the Trial Steering Committee (TSC).  

The Chairs and Independent members of the TSC will be acknowledged, but will not qualify for 

full authorship, in order to maintain their independence.  

To maintain the scientific integrity of the study, data will not be released prior to the first 

publication of the results of the primary endpoint analysis, either for study publication or oral 

presentation purposes, without the permission of the TSC.  

The TSC will agree a publication plan and must be consulted prior to release or publication of 

any study data.  

Individual collaborators must not publish data concerning their participants which is directly 

relevant to the questions posed in the study until the main results of the study have been 

published. Local collaborators may not have access to study data until after publication of the 

main study results.  

The primary endpoint data will be analysed after the 12 month follow-up assessment has been 

completed by the last patient entered into the study and a complete and exhaustive data chase 

has been performed. The database will be locked prior to the final analysis. A full report of all 

analyses and data summaries will be written as specified in this Analysis Plan, which is estimated 

to take approximately six months from the final closure of the database. After this analysis is 

complete, the results will be presented to the project team who will discuss them and decide if 

further analysis or investigation is required. 

The key secondary endpoint data at 36 months will be analysed after the 36 month follow-up 

assessment has been completed by the last patient entered into the study and a complete and 

exhaustive data chase has been performed. The database will be locked prior to the final 



 

analysis. A full report of all analyses and data summaries will be written as specified in this 

Analysis Plan, which is estimated to take approximately six months from the final closure of the 

database. After this analysis is complete, the results will be presented to the project team who 

will discuss them and decide if further analysis or investigation is required. 

The agreed first author of abstracts is responsible for circulating these to the other members of 

the TMG for review at least 15 days prior to the deadline for submission. 

The agreed first author of manuscripts is responsible for ensuring: 

timely circulation of all drafts to all co-authors during manuscript development and prior 

to submission  

timely (and appropriate) circulation of reviewers’ comments to all co-authors  

incorporation of comments into subsequent drafts  

communication with the TSC (i.e. ensuring submission is in line with TSC publication plan, 

and ensuring TSC receive the final draft prior to submission)  

The first author is responsible for submission of the publication and must keep the TMG and all 

authors informed of the abstract’s or manuscript’s status. The TSC will be kept informed of 

rejections and publications as these occur. On publication, the first author should send copies of 

the abstract or manuscript to the TSC, the TMG, the Sponsor and to all co-authors, and ensure 

that the British heart Foundation requirements are met.



of functional cardiac testing in the diagnosis and management of coronary artery disease: a 

randomised controlled trial. The CECaT trial. Health Technol Assess 2007; 11(49): iii-iv, 

ix-115.  
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Appendix A: 

Acute Myocardial infarction (3rd Universal Definition)13: 
Detection of the rise and/or fall of cardiac biomarkers (preferably troponin) with at least one 

value above the 99th percentile of the upper reference limit (URL) together with evidence of 

myocardial ischaemia with at least one of the following: 
Symptoms of ischaemia 

New or presumed new significant ST-segment–T wave (ST–T) changes or new left bundle 

branch block (LBBB). 

Development of pathological Q waves in the ECG 

Imaging evidence of new loss of viable myocardium or new regional wall motion 

abnormality 

Identification of an intracoronary thrombus by angiography or autopsy. 



Appendix B – Protocol Violators to be excluded from the Per-Protocol Analysis 

Where a site / patient’s conduct in the CE-MARC2 trial constitutes a Major Protocol Deviation, 

the patient will be excluded from the analysis of the Primary Endpoint, and of the Key Secondary 

Endpoint (MACE rates at 12 and 36 months) in the per-protocol analysis. 

Deviations listed in the following table as Major (Y) deviations will be used to determine patients 

to be excluded from the per-protocol analysis. 

Deviation Major 
(Y / N) 

Patient underwent non per-protocol angiogram (ie –ve CMR/SPECT/CT not believed by 

the treating clinician 

Y 

Patient was found to be ineligible after randomisation Y (For 

any 

reason) 

Patient did not receive any test strategy following randomisation (For any reason 

including DNA, withdrew from receiving tests etc) 

Y 

Patient received a test strategy other than assigned at randomisation (including 

received alternate pathway, refused to undergo mandated angiogram etc) 

Y 

Patient’s assigned test did not occur until more than 126 days had elapsed. Y 

Patient underwent 2 or more non-invasive tests between randomisation and first 
angiogram. 

Y 



 

Appendix C –Outline of Scoring rules for the Seattle Angina Questionnaire (SAQ-UK) 

The 19 questions of the SAQ-UK are scored as 5 separate scales, rather than as an overall 

measure. The full validated scoring document (“Scoring and Interpreting the SAQ) which covers 

handling missing data and particular scoring values will be followed, rather than the guidance 

given here. After handling and imputing missing data according to the scoring document, the 

general scoring approach is as follows:

Questions 1a, b, c, d, e, f, g, h and I feed into the Physical Limitation Scale

Question 2 is the Angina Stability Scale

Questions 3 and 4 correspond to the Angina Frequency Scale

Questions 5, 6, 7 and 8 correspond to the Treatment Satisfaction Scale

Questions 9, 10 and 11 correspond to the Quality of Life Scale

For the Physical Limitation Scale (PL) the result is given by

PL = 100 x (Mean Response – 1) / 4

For the Angina Stability Scale, (AS) the result is given by  

AS = 100 x (Response – 1) / 4 

For the Angina Frequency Scale, (AF) the result is given by 

AF = 100 x (Mean Response – 1) / 5 

For the Treatment Satisfaction Scale, (TS) the result is given by 

TS = 100 x (Mean Response – 1) / 4 

For the Quality of Life Scale, (QoL) the result is given by 

QoL = 100 x (Mean Response – 1) / 4 
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Glossary 

ACS Acute Coronary Syndrome 

AHA American Heart Association 

CABG Coronary Artery Bypass Graft 

[C]CT [Cardiac] Computed Tomography 

CeCAT Cost-effectiveness of functional cardiac testing in the diagnosis 

and management of coronary artery disease: a randomised 

controlled trial (See Ref [10]) 

CE-MARC Clinical Evaluation of Magnetic Resonance in Coronary Heart 

Disease. (See Ref [9]) 

CE-MARC2 Clinical Evaluation of Magnetic Resonance in Coronary Heart 

Disease 2. The present study. 

CHD Coronary Heart Disease 

[3T] CMR [3 Tesla] Cardiac Magnetic Resonance Imaging 

CONSORT Consolidated Standards of Reporting Trials. Refers to either the 

patient flow diagram, recommended by such guidance, or the 

guidance itself. 

CRF Case Report Form 

CTRU Clinical Trials Research Unit, Leeds Institute of Clinical Trials 

Research, University of Leeds 

CV Cardiovascular 

DMA Data Management Assistant 

DMEC Data Monitoring and Ethics Committee 

eGFR Estimated Glomerular Filtration Rate. A measure of kidney 

function. 

EQ5D (-3L/-5L) EuroQol 5-dimensions (-3 levels / -5 levels) 

ETT Exercise Tolerance Test 

FFR Fractional Flow Reserve: the extent to which a narrowing of an 

artery results in a reduction of oxygen uptake in the heart 

muscle. This measurement is used to define the primary 

endpoint. 

GCP Good Clinical Practice 

ITT Intention to Treat 

LAD Left Anterior Descending: one of the three coronary arteries 

LCx Left Circumflex: one of the three coronary arteries 

MACE Major Adverse Cardiovascular Event. Defined in S2.4.1 



 

MI Myocardial Infarction 

NHS National Health Service 

NICE National Institute for Health and Clinical Excellence 

NICE CG95 (2010) Clinical Guidance 95 (2010) Chest pain of recent onset: 

Assessment and diagnosis of recent onset chest pain or 

discomfort of suspected cardiac origin. Published March 2010. 

(See Ref [4]) 

PCI Percutaneous Coronary Intervention 

PTL Pre-test Likelihood (of CHD) Calculated using the equations 

from the Appendix of Ref [15] for estimating PTL of “significant 

disease”. 

QCA Quantitative Coronary Angiography 

QoL Quality of Life 

RCA Right Coronary Artery: one of the three coronary arteries 

SAQ (-UK) Seattle Angina Questionnaire (UK version) 

SAS Statistical Analysis Software. Cary NC, USA 

SD Standard Deviation 

SDS Summed Difference Score 

SF-12 (v2) Short Form 12 Questionnaire (v2) 

SPECT Single Photon Emission Computed Tomography 

SRS Summed Rest Score 

SSS Summed Stress Score 

TC Trial Coordinator 

TMG Trial Management Group 

TSC Trial Steering Committee 

of diameter 2.5mm. For vessels with >

of diameter 2.5mm. For vessels with <40% stenosis a nominal FFR of 



 

1. Introduction

Coronary heart disease (CHD) is a leading cause of death and disability worldwide [1]. In the 

UK, there are an estimated 1.98 million people suffering with symptoms of angina, which costs 

the UK economy £9.0 billion/yr [2]. From a patient perspective CHD is associated with either 

premature loss of life or a significant reduction in quality of life. The disease tends to run in 

families and exemplifies inequalities in health: lower socio-economic classes and ethnic 

minorities are particularly affected. Despite the continued high disease prevalence in the UK, 

over 10 years ago the National Service Framework on CHD recognised that ‘research findings 

were incompletely and variably applied in clinical practice and that there was an urgent need to 

correct this in the prevention, diagnosis and treatment of CHD’ [3]. It is well accepted that a 

variety of investigations may be used to diagnose CHD and to determine the need for coronary 

revascularisation. Increasingly non-invasive imaging tests are replacing exercise treadmill 

testing (ETT) in decision making. This is in part due to its limited diagnostic accuracy as 

exemplified in the current NICE guidelines (Chest pain of recent onset: Assessment and 

investigation of recent onset chest pain or discomfort of suspected cardiac origin. CG95.) [4]. A 

quoted systematic review in CG95 identified 147 studies (24,074 patients) which used coronary 

angiography as the reference standard for the diagnostic performance of ETT to detect CHD, and 

found that there was a wide range in sensitivities (weighted mean 68% (SD16), range 23% to 

100%) and specificities (weighted mean 77% (SD17), range 17% to 100%; overall prevalence 

of CHD was high in this systematic review at 66%) [5]. On this basis the new NICE guidelines 

did not recommend ETT for CHD diagnosis (in patients with no prior history of CHD) when taking 

into account the superior diagnostic performance of non-invasive imaging tests and a specifically 

performed cost effectiveness analysis. Non-invasive imaging tests used for the diagnosis of CHD 

include single-photon emission computed tomography (SPECT), stress echocardiography, 

cardiovascular magnetic resonance (CMR) imaging and cardiac computed tomography (CT).  

Current Practice 

Whilst the NICE guidelines (CG95) have provided a structured and evidence-based approach to 

the diagnosis of patients with chest pain, they are not without problems, and have caused some 

concern in the cardiology community [6]. In essence, the guidelines recommend invasive 

angiography as the most cost-effective first test if the likelihood of CHD is 61-90%, non-invasive 

functional testing (SPECT, stress echocardiography or stress CMR) if the likelihood of CHD is 30-

60%, CT scanning (with 64 slices or above) if the likelihood of CHD is 10-29% or no further 

testing if the likelihood of CHD is low (<10%) [4]. One of the major concerns with the guidelines 

is that they have separated out diagnosis from patient management by not more broadly 



 

considering ischaemia assessment. In addition there are major resource implications if these 

guidelines are adopted. Paradoxically it has been shown that adopting these guidelines could 

lead to an increase in invasive coronary angiography rates of between 20-28% over current 

levels [6], at a time when we are aware that coronary angiography rates are already too high 

(see below). Despite widespread availability of non-invasive imaging, patients with suspected 

CHD still very often end up having invasive coronary angiography. Principally this is to identify 

those with significant coronary artery atheroma that may benefit prognostically and 

symptomatically from revascularisation, whether by percutaneous coronary intervention (PCI) 

or coronary artery bypass grafting (CABG). It is well accepted that invasive angiography is 

associated with small but important procedural risks, which occasionally can be a deterrent, 

leading patients to decline appropriate investigation. The most serious complications of invasive 

coronary angiography include death (0.1 to 0.2%), non-fatal MI (0.1%) and cerebrovascular 

events (0.1%), with an overall risk of all major complications quoted at ~1.7% [7]. Much more 

commonly patients undergo invasive angiography and do not require revascularisation 

(prognostic benefit only being derived from primary prevention). For example, according to the 

2008-9 Hospital Episode Statistics data for England, the procedural figures for stable elective 

CHD patients were: diagnostic coronary angiography (119,954), coronary angioplasty (30,727) 

and heart bypass operations (18,232). These data suggest that in England alone approximately 

71,000 (60%) stable CHD patients underwent diagnostic coronary angiography but did not 

proceed to coronary revascularisation. These patients could be considered to have unnecessarily 

taken on the risk of an invasive procedure, as there turned out to be no indication for 

revascularisation. These data are further supported by figures from the American College of 

Cardiology National Cardiovascular Data Registry. From January 2004 through April 2008, at 

663 hospitals, 398,978 patients were identified without known CHD that underwent elective 

catheterisation. At angiography, only 149,739 patients (37.6%) had obstructive coronary artery 

disease leading the authors to conclude that “current strategies that are used to inform decisions 

regarding invasive angiography, including clinical assessment of risk and non-invasive testing, 

need to be improved substantially to increase the diagnostic yield of cardiac catheterization in 

routine clinical practice” [8]. 

These figures should rightly concern us, not only from a patient perspective but also in terms of 

inefficient resource utilisation in a financially constrained national health service (NHS). To 

illustrate the latter point, even if only half of those invasive angiograms (national tariff £1,385) 

in 2008-9 that did not lead to revascularisation could be avoided, there would be the potential 

to reduce NHS expenditure in England alone by ~£49m (real saving of ~£34m when the cost of 

additional non-invasive imaging is factored in (e.g. CMR at a tariff of ~£450).  



 

Purpose of CE-MARC2  

We believe that the cardiology community requires an appropriately powered, randomised 

controlled trial of non-invasive ischaemia assessment (functional imaging) to determine 

diagnosis and patient management. We know that invasive angiography rates are already too 

high, and that they will increase further if the NICE guidelines (CG95) are followed. We know 

that from a previous small single centre trial (CECaT), that using functional testing (CMR, SPECT, 

stress echo) invasive angiography could be avoided in 20-25% of patients [10]. We also know 

that patients rightly want to avoid unnecessary angiography if at all possible, but to date no 

clinical trial has tested the safety of this type of strategy in terms of clinical outcome. Thus we 

propose the CE-MARC2 trial, which would be a major advance from the simple and usually small 

diagnostic accuracy studies that are all too prevalent in the imaging literature. Having 

benchmarked the diagnostic performance of CMR and shown superiority against SPECT in the 

CE-MARC study [9], we now propose to evaluate 3T CMR prospectively in a three-arm trial to 

assess whether a CMR-guided management strategy is superior to current best clinical practice 

(based upon either the principles of NICE CG95 or AHA SPECT appropriateness criteria. This type 

of study would not previously have been acceptable to clinicians without the findings from CE-

MARC defining its diagnostic performance. It is of note that the widely used modality of SPECT 

has never been prospectively tested as we propose here for CMR. 

CE-MARC2 is a UK multi-centre, 3-arm parallel group, randomised controlled trial. A total of 

1200 patients with suspected CHD will be randomised to receive one of 3T CMR-guided care, 

SPECT-guided care or NICE guidelines-based management (CG95). Randomisation will be 

achieved using minimisation including a random element that will allocate patients on a 2:2:1 

basis to CMR:SPECT:NICE-based management. (See Figure 1) The trial will not be blinded, as it 

will be impossible to blind patients to their own management. The primary endpoint is 

unnecessary invasive coronary angiography occurring within 12 months. 



 

3. To determine if 3T CMR-guided care is superior to NICE guidelines-based management 

(CG95) in terms of reducing the rates of ‘unnecessary invasive angiography’ (defined by 

FFR >0.8) occurring within 12 months, in patients with a pre-test likelihood of CHD of 

10-90%.  

4. To determine if 3T CMR-guided care is superior to SPECT-guided management (AHA 

appropriateness criteria for SPECT) in terms of reducing the rates of ‘unnecessary 

invasive angiography’ (defined by FFR >0.8) occurring within 12 months, in patients with 

a pre-test likelihood of CHD of 10-90%). 

6. To determine if in high pre-test likelihood patients (61-90%), non-invasive functional 

imaging (CMR or SPECT) is superior to NICE guidelines-based management (i.e. direct to 

angiography), in terms of reducing the occurrence of ‘unnecessary invasive angiography’ 

(defined by FFR >0.8) within 12 months. 

7. To determine safety in terms of CV event rates (MACE defined as cardiovascular death, 

myocardial infarction, unscheduled revascularisation, hospital admission for 

cardiovascular cause) at 3 years between the 3T CMR-guided care group and those 

receiving NICE guidelines-based management. 

Figure 1: Brief trial design. 1200 patients will be randomised on a 2:2:1 basis to CMR-based care (N=480) SPECT-

based care (N=480) or NICE guidelines-based management. (N=240) Patients randomised to NICE based 

management will receive a testing pathway determined by their Pre-Test Likelihood of CHD (PTL See section 2.5.5) 

–
–
–



Although we have three possible comparisons included in our objectives, we only consider the  

8. To determine safety in terms of CV event rates (MACE defined as cardiovascular death, 

myocardial infarction, unscheduled revascularisation, hospital admission for 

cardiovascular cause) at 3 years between the 3T CMR-guided care group and those 

receiving SPECT-guided management (according to AHA appropriateness criteria). 

9. To estimate the rates of detection of CHD by coronary angiogram (defined by FFR <= 

0.8) for each diagnostic strategy. 

10. To evaluate the cost-effectiveness of a 3T CMR-guided care strategy compared to NICE 

guidelines-based management and to SPECT-guided management (AHA). 

3. To determine if SPECT-guided care is superior to NICE guidelines-based management 

(CG95) in terms of reducing the rates of ‘unnecessary invasive angiography’ (defined by 

FFR >0.8) occurring within 12 months, in patients with a pre-test likelihood of CHD of 

10-90%. 

4. To determine if in low pre-test likelihood patients (10-29%), non-invasive functional 

imaging (CMR or SPECT) is superior to NICE guidelines-based management (i.e. cardiac 

CT), in terms of reducing the occurrence of ‘unnecessary invasive angiography’ (defined 

by FFR >0.8) within 12 months. 

A total of 1200 participants will be randomised on a 2:2:1 basis to CMR-guided care, SPECT-

guided care and NICE-based management (CG95, 2010). All calculations in this section were 

performed using nQuery 7.0, and are based on continuity-corrected chi-squared tests or 

confidence intervals for differences in independent proportions. 

We expect the target population to be comparable to that of the CE-MARC study, in which we 

have benchmarked the diagnostic accuracy of 1.5T CMR compared with X-ray angiography and 

SPECT [9]. Of all of the CE-MARC patients with a pre-test likelihood calculated as 10-90%, the 

distribution of patients among the 10-29%, 30-60% and 61-90% PTL categories was 

approximately 10%:33%:57%. Using the estimated false positive rates within these subgroups, 

we obtained estimates of the overall false positive rate (i.e. proportion of test positive results in 

patients with no significant stenosis out of all patients) 



 

first two (between CMR and NICE and between CMR and SPECT) to be of importance, the final 

comparison is of minor interest only. Therefore, since the number of comparisons is fewer than 

the number of arms in the trial, we are justified in not adjusting the sample size or analysis for 

multiple comparisons, as argued by Cook and Farewell. [16] 

For the primary endpoint analysis when comparing CMR-guided care to NICE-based management 

- in which patients will be randomised 2:1 - we estimated the overall unnecessary angiography 

rate for CMR as 4.5% and possibly as high as 6.8%. The overall unnecessary angiography rate 

for NICE-based management was estimated to be as high as 35-40%, due to the guidelines 

dictating immediate X-ray angiography for all high risk patients. In CE-MARC, such patients were 

found to have an unnecessary angiography rate around 60%. For our sample size calculations, 

we assumed a NICE unnecessary angiography rate of 30%. Randomising 1200 patients would 

give us 480 CMR patients and 240 NICE patients. If we experience 20% non-completion then 

we would have 384 patients in the CMR group, 192 in the NICE group. This would give us 99% 

power to detect a difference between unnecessary angiography rates of 6.8% and 30% using a 

2-sided test at a 5% significance level. 

For the secondary endpoint analysis of assessing the difference in MACE rates, we assume that 

the CMR-guided care will experience a MACE rate 4% points greater than NICE-guided care. If 

the 3-year MACE rate varies between 3% and 9%, then 480:240 patients randomised in the 

CMR and NICE groups would provide an interval estimate of the difference that extends between 

3.9 to 5.7% from the estimate (after allowing for 20% non-completion). 

For the primary endpoint analysis when comparing CMR-guided care to SPECT-guided care in 

which patients will be randomised 2:2 (i.e. 1:1) - we estimated the overall unnecessary 

angiography rate as for SPECT-guided care to be around 11.7% in a similar way as before (from 

CE-MARC).  

For our sample size calculations, we used the same estimate of unnecessary angiography rate 

for CMR-guided care as before. Randomising 1200 patients would give us 480 CMR patients and 

480 SPECT patients. If we experience 20% non-completion, then we have 384 patients per 

group. This would give us 94% power to detect a difference between unnecessary angiography 

rates of 4.5% and 11.7% using a 2-sided test at a 5% significance level. If the CMR unnecessary 

angiography rate is as high as 6.8%, then we have 60% power to detect a difference between 

this and a SPECT rate of 11.7%.  



 

For the secondary endpoint analysis of assessing the difference in MACE rates, we assume that 

the CMR-guided care will experience a MACE rate 4% points greater than SPECT-guided care. If 

the 3-year MACE rate varies between 3% and 9%, then 480:480 patients in the CMR and SPECT 

groups would provide an interval estimate of the difference that extends between 3.3 to 4.7% 

from the estimate (after allowing for 20% non-completion). 

While the primary endpoint comparison in patients randomised to CMR-guided care and to NICE 

guidelines management has very high power, it would be acceptable to continue to recruit up to 

1200 patients, as we would require this many patients to adequately power our analysis of the 

secondary endpoint, and to provide sufficient power for the primary endpoint analysis in the 

comparison of CMR against SPECT guided care. 

Sample Size calculations for “positive angiogram” rates

Following a recommendation from the chair of the DMEC, an additional secondary endpoint was 

included in the analysis plan: the proportion of participants in whom a positive angiogram by 

FFR had resulted within 12 months. 

Since no a priori power calculation for this endpoint had been specified, the following tables show 

the half-width of a 2-sided 95% confidence interval for the observed differences in “positive 

angiogram” rates as the base rates and differences vary, for the expected samples sizes given 

20% drop out (it is assumed that the NICE guidance strategy will result in more positive 

angiograms than the other strategies). 



Randomisations will be achieved using minimisation incorporating a random element, via a 

computer-generated program, that will allocate patients in a 2:2:1 ratio between 

Observed Positive 

Angiogram rates 

NICE (N=192) SPECT (N=384) 

5% 10% 15% 20% 5% 10% 15% 20% 

CMR 0% 3.1% 4.3% 5.1% 5.7% 2.2% 3.0% 3.6% 4.0% 

(N=384) 5% 3.8% 4.8% 5.5% 6.1% 3.1% 3.7% 4.2% 4.6% 

10% - 5.2% 5.9% 6.4% - 4.2% 4.7% 5.0% 

15% - - 6.2% 6.7% - - 5.1% 5.4% 

20% - - - 6.9% - - - 5.7% 

To recruit 1200pts over 2½ years across 3 centres breaks down as 40 patients per month (Or 

~160pts/centre/yr) which is realistic and achievable, especially given the very large regional 

populations that are served by the recruiting centres.  

We demonstrated in the single centre CE-MARC trial a recruitment rate of 750 comparable 

patients in 3yrs and 5mths (~220pts/yr). We are thus confident that we can meet the 

recruitment target in CE-MARC2. The experience of completing the first CE-MARC trial will allow 

us to put effective recruitment strategies in place, and as Leicester and Glasgow have 

comparable patient populations to Leeds, we would expect near-equivalent recruitment rates. 

The number of potential centres is limited by the availability of 3T-CMR in the UK at the present 

time. However, should recruitment issues arise, the trial team will explore the possibility of 

recruiting patients from further suitable sites. 

Randomisation to one of the three study arms will be performed centrally using the CTRU 

automated 24-hour telephone randomisation system. Authorisation codes, provided by the 

CTRU, will be required to access the randomisation system. These activities will be performed 

by a member of the CE-MARC2 research team. 

Patients who fulfil the eligibility and have given written informed consent will be randomised to 

one of the three study arms and will be allocated a study number. Pre-test likelihood will be 

determined by the treating clinician as per the NICE guidelines CG95 (2010). 



significant reversible airways disease, second or third degree atrio-ventricular heart block, sino-  

CMR:SPECT:NICE after taking account of the following factors, details of which will be required 

for randomisation: 

• Randomising site

• Age (30-64, 65)

• Pre-test risk (10-29%, 30-60%, 61-90%)

• Gender (Male, Female)

Unbalanced assignment by minimisation is achieved using the method of Kuznetsova and 

Tymofyeyev [14] allocating equally to 5 “pseudogroups” before combining groups to form the 

2:2:1 allocation. Where one or more pseudogroups is preferred, a patient is assigned with 80% 

probability to the set of preferred pseudogroups, 20% probability to the set of remaining 

pseudogroups, and allocated with equal probability to each pseudogroup within that set. 

In statistical analysis, underlined values will be taken as the reference category levels, unless 

this category comprises fewer than 25% of patients. (See section S5.2.1) 

Patients will be required to satisfy the following criteria. Eligibility waivers to the inclusion / 

exclusion criteria are NOT permitted. 

Inclusion Criteria 

• Age 30yrs

• Suspected stable angina (CHD) that requires further investigation

• A defined risk of 10-90% (according to NICE guidelines CG95; 2010)

• Suitable for revascularisation if required

• Given written informed consent to participate in the trial

Exclusion Criteria 

• Non-anginal chest pain

Normal SPECT/CCT within 2 years

• Clinically unstable

• Previous MI or biomarker positive ACS

• Previous revascularisation with coronary artery bypass surgery or PCI

• Contraindication to CMR imaging (pacemaker, intra-orbital debris, intra-auricular

implants, intracranial clips, severe claustrophobia) 

• Contraindication to adenosine infusion (regular adenosine antagonist medication,



 

atrial disease) 

• Known adverse reaction to Adenosine or Gadolinium/iodinated contrast agents

• Obesity (where body girth exceeds scanner diameter)

• Pregnancy and breast feeding

• Known chronic renal failure (eGFR<30mL/min/1.73m2)

• Inability to give informed consent

Full interim reports containing unblinded safety data, endpoint data, recruitment, demographic 

and data completeness summaries will be prepared by the Trial Statistician and Trial Co-

ordinator and presented to the DMEC on an annual basis in the first instance. The Trial 

Statistician will also be required to produce a statistical analysis plan in advance of the annual 

DMEC reports. The DMEC, in the light of the interim reports and of any advice or evidence they 

wish to request, (including the extent to which treating cardiologists / investigators are 

complying with the protocol) will if necessary report to the Trial Steering Committee (TSC) if 

there are concerns regarding the safety of the trial treatment. The TSC will meet on a 6-monthly 

basis. 

No formal unblinded analyses are planned until after the trial is closed to accrual, the required 

number of patients has been randomised and sufficient follow-up data has been collected. The 

first of these will report results chiefly relating to the primary endpoint, and data for 12 months 

follow-up, will be scheduled to occur at some time after all patients are at least 12 months from 

randomisation. 

A template report containing example outlines of all required tables, figures and listings will be 

produced by the Trial Statistician, in advance of this final analysis. 

2. Endpoints

The primary endpoint is an “unnecessary” invasive coronary angiography within 12 months. In 

brief, this is defined as the occurrence of an invasive coronary angiogram within 12 months of 

randomisation that yields a negative result (As specified in section 2.3) 

1) Major adverse cardiovascular event (MACE) at 12 months and 3yrs; this will examine the



 

clinical consequences of the new diagnostic strategy. 

MACE is defined as one of the following: 

Death due to Cardiovascular cause (including type 3 MI) † 

Myocardial infarction† 

Unplanned revascularisation 

Hospital admission for cardiovascular cause 

o ACS Troponin –ve

o Spontaneous myocardial infarction (Type 1)†

o Myocardial infarction secondary to ischaemic imbalance (Type 2) †

o Myocardial Infarction related to stent thrombosis (Type 4b) †

o Arrhythmia

o Stroke

o Heart failure

† As defined by the third universal definition of myocardial infarction (see Appendix A). 

2) Positive angiogram detection within 12 months. This is the occurrence of an angiogram for

that patient that returns a positive result by FFR (i.e. FFR <= 0.8) within 12 months of 

randomisation. (See section 2.5) 

3) Cost effectiveness analysis (see section 14)

4) Health-related quality-of-life measures (Assessed at baseline, 6, 12, 24 and 36 months)

Seattle Angina Questionnaire – UK Version (SAQ-UK) 

Medical Outcomes Survey - Short Form 12 (SF-12v2) 

 EuroQol 5-Dimensions (EQ-5D) 

5) Complications – directly related to investigational or procedural aspects of the study that

result in prolonged hospital stay or specific treatment that would otherwise have not been 

required. 

Unnecessary invasive coronary angiogram (negative angiogram by FFR) within 12 months. 

This will be defined at the time of coronary angiography by a FFR measurement of >0.80 (i.e. 

no functional ischaemia) in all vessels 2.5mm (vessel stenosis>90% will be considered to have 

an FFR value of 0.5 and stenosis<40% will be assumed to have an FFR of 0.95, such that FFR is 



 

not required in these vessels). 

In general, patients whose assigned strategy directs them to angiogram for a negative result by 

FFR will be deemed to have had an unnecessary angiogram. In the Intention To Treat Analysis 

(See section 3.1) the primary endpoint will also include patients who had a [correct] negative 

non-invasive test result but went on to receive a non-per-protocol coronary angiogram, with a 

negative FFR result. Such patients will be excluded from the per-protocol analysis of the primary 

endpoint. 

An “Unnecessary angiogram” will be defined as one of the following:  

• A negative angiogram result by FFR and positive non-invasive test (either 3T CMR or

SPECT/CCT) (i.e. a False Positive test result) 

• A negative angiogram result by FFR in a high pre-test risk (61-90%) patient that proceeds

directly to invasive angiography in the NICE guidelines-based strategy arm (i.e. a False Positive 

for the strategy). 

• A negative angiogram result by FFR and a negative non-invasive test (either 3T CMR or

SPECT/CCT) (i.e. a True Negative strategy result in which the imaging result was ‘not believed’ 

by the treating cardiologist – based on ITT principles).  

• A negative angiogram result by FFR and an inconclusive non-invasive test result (either

3T CMR or SPECT/CCT) in which angiography had to be performed to make the diagnosis (i.e. 

failure of the strategy to produce a diagnosis). 

If a patient undergoes any additional angiograms during the first 12 months since randomisation, 

any “unnecessary” angiogram will contribute towards this endpoint. 

MACE is defined as one of the following: 

Death due to cardiovascular cause (including type 3 MI) † 

Myocardial infarction† 

Unplanned revascularisation 

Hospital admission for cardiovascular cause 

o ACS Troponin –ve

o Spontaneous myocardial infarction (Type 1)†

o Myocardial infarction secondary to ischaemic imbalance (Type 2) †

o Myocardial Infarction related to stent thrombosis (Type 4b) †



 

o Arrhythmia

o Stroke

o Heart failure

† As defined by the third universal definition of myocardial infarction (see Appendix A).  

Patients may also experience one of two particular cardiac events, but these will not contribute 

toward the secondary MACE endpoint: 

• Peri-procedural myocardial infarctions - type 4a (related to percutaneous coronary

intervention) and type 5 (related to coronary artery bypass grafting). 

• Planned revascularisation (PCI or CABG) based on the index FFR results.

If a patient only experienced either of these events, they will be deemed to have not experienced 

a MACE. In any time-to-event analyses, a patient experiencing any of these as a first event will 

continue to be followed in the analysis until a specified MACE event occurs (and beyond, if 

appropriate). 

If a patient experiences a PCI / CABG that was not planned as a result of the index angiogram, 

then this shall be considered unscheduled / unplanned. This shall apply even if a 

non-CE-MARC2 angio is arranged, resulting in a positive FFR. 

The Positive Angiogram rate will be determined from the proportion of patients who undergo an 

angiogram within 12 months of randomisation which yields a positive finding by FFR (or QCA 

where no FFR reading is undertaken for reasons outlined in S2.5.1)  

This is covered in the separate Health Economics section. 

Seattle Angina Questionnaire – UK Version (SAQ-UK) 

Medical Outcomes Survey - Short Form 12 (SF-12v2) 

EuroQol 5-Dimensions (EQ-5D) 

Any complication that is directly related to investigational or procedural aspects of the study that 

result in prolonged hospital stay or specific treatment that would otherwise have not been 

required will be counted as a complication for each strategy. 



 

If a death form is returned which identifies a cause of death as neither being unknown nor non-  

A positive angiogram is defined as an angiogram with a positive FFR finding (FFR 0.8 in any 

coronary artery with a diameter  2.5mm)  

A negative / unnecessary angiogram is defined as an angiogram with a negative FFR finding (No 

FFR 0.8 measured, nor any significant stenosis by QCA, nor a visually assessed stenosis of 

>90%) 

A positive angiogram by FFR result will occur if during the index angiogram (mandated by the 

NICE CG95 management, or dictated by positive non-invasive test result on randomised 

strategy, or following from a disbelieved negative non-invasive result, or an inconclusive non-

invasive result) or any subsequent angiogram within 12 months of randomisation a value of 

0.8 for FFR is recorded, in any coronary artery with a diameter 2.5mm. If a positive FFR 

finding is observed for that patient, then this will be taken to be a positive angiogram finding. 

Since clinicians may observe a highly stenosed or delicate coronary artery which may not be 

suitable for pressure wire usage, and decide to assess the segment by visual assessment or 

QCA, the following rules will be used on arteries where a pressure wire cannot be safely used: 

Stenosis by visual assessment or QCA>90% shall be considered to have an FFR of 0.5. 

Stenosis by visual assessment or QCA<40% shall be considered to have an FFR of 0.95. 

In the small number of patients where FFR cannot be performed for clinical/safety reasons, if a 

coronary artery segment analysed by QCA has a stenosis value of 70% in one view, or 50% 

in two orthogonal views ( 50% in both views for LMS), then this shall be taken to be evidence 

of flow-limiting stenosis, and shall count towards determining that an angiogram was necessary. 

For a patient undergoing angiography and the CRF records that no stenosis >40% was observed 

(in segments of 2.5mm diameter or greater), or where the FFR was >0.80, or where QCA shows 

no stenosis 70% (or >= 50% in two orthogonal views, >=50% in both views for LMS), an 

negative angiogram finding will be concluded if the outcome of the procedure was “medical 

management”. 



When implementing the risk equations in statistical programs, the formula will be checked 

against a test dataset comprising 50 patients with risk factor levels determined at random, and  

cardiovascular, then the patient will be deemed to have died due to cardiovascular causes. 

The Seattle Angina Questionnaire (SAQ-UK) and SF-12 tool will be scored according to the 

scoring methods provided. A summary of the scoring rules for the SAQ-UK is included as 

Appendix C to this Analysis Plan. For the SF-12, a licensed score calculator will be used to obtain 

the scored values for each patient. 

In analyses of endpoints at fixed 12 month and 36 month timepoints, these times shall be taken 

to be time since date of randomisation, but will allow for a time window of up to 4 weeks before 

or after the expected assessment date. Where an assessment is made at successive visits, the 

actual time since randomisation will be used for modelling, rather than using fixed time values 

for 12, 24 and 36 months. 

From the patient’s gender, age and medical history the Pre-test Likelihood of CHD (PTL) will be 

calculated using the risk equations [15] that form the basis for NICE Guideline CG95 (2010). For 

risk-stratification, hyperlipidaemia is defined as having either total cholesterol concentration of 

6.47mmol/L or greater, or being treated with lipid-lowering drugs classed as statins or “Other 

lipid lowering drugs”. 

For patients who are female and aged over 70, there are no estimates of PTL provided, owing to 

the risk equations being validated in patients aged 30-70. Instead, the guidance suggests “For 

women older than 70, assume an estimate of 61-90% EXCEPT women at high risk and with 

typical symptoms where a risk of >90% should be assumed.” Accordingly, the following rules 

will be implemented when summarising the PTL for women aged over 70: 

If 61-90% risk is estimated, take the midpoint of 75%; 

If >90% risk is estimated, take lowest value of 91%. 

Patients who do not have a PTL estimated from the risk equations, due to their age, and / or 

other factors (For example, women aged over 70) will be excluded from summaries of PTL as a 

continuous variable. Where an interval for their PTL is suggested, these patients will be included 

in categorical summaries of the PTL. 



 

PTL calculated using the agreed CE-MARC2 PTL calculator spreadsheet file. The implementation 

will be re-validated by comparing the first 50 randomised patients’ PTL calculated in 

programming against those calculated from the risk equations in the CE-MARC2 PTL calculator 

spreadsheet file. 

Patients randomised up to 8th April 2013 will have been randomised using a differing approach 

to PTL estimation: a lookup table in NICE CG95 summarised a patient’s pre-test likelihood 

according to age category, gender, symptom and “high” or “low” risk. Patients were considered 

to be high risk if they were either hyperlipidaemic, diabetic or a current smoker. Such patients 

will have their PTL estimated using the risk equations as for subsequent patients; however, a 

note will highlight the change in PTL estimation approach for these patients. 

Data management will focus on the consenting process, participant eligibility, safety, date 

consistency and test outcomes. Attempts will be made to retrieve missing data on these areas 

via a thorough data cleaning process. Every effort will be made to obtain key data items, as 

specified in the key data items document, all key data will be 100% checked for quality and 

completeness by the Trial Co-ordinator. See Data Monitoring, Section 4.1 for further details.  

The levels of missing data and reasons for missingness will be investigated for the consenting 

process, participant eligibility, safety, date consistency and test outcomes. The quantity of 

missing data will be monitored by treatment group, and a summary of the number of patients 

with missing primary endpoint data and the quantity of missing data by treatment group and 

centre will be reported.  

For the primary endpoint analysis, Multiple Imputation by Chained Equations will be used to 

impute missing angiogram results where the assigned strategy was not performed. Predictive 

Mean Matching will be used to select at random from the 5 observed values closest to the 

predicted value for continuous variables. 

We will form an imputation model for the primary endpoint (unnecessary angiogram) including 

terms for randomising centre, the variables making up the Pryor et al Pre-test likelihood (PTL) 

function and relevant baseline variables including CCS status and hypertension, a term for the 

test strategy undergone (CMR, SPECT, CT, Angiogram, Other) and whether the angiogram was 

performed and whether the angiogram was positive or negative. Patients who did not undergo 



 

An intention-to-treat analysis will be the primary method for analysing and summarising the trial 

any test strategy will be imputed according to their expected strategy: CMR/SPECT if so 

assigned, or CT/SPECT/Angio according to PTL in the NICE guidelines arm. Any unknown Pryor 

risk score variables will be imputed during this procedure, and the resulting risk score category 

will be re-derived before performing the analysis in each dataset. In forming imputation models, 

missing covariates will be imputed first, from least to most missing, then the unknown test 

result, then the occurrence of the angiogram, and finally the result of the angiogram. From these 

imputations, the occurrence of an unnecessary coronary angiogram will be imputed for all 

patients with an imputed negative angiogram finding. 

We will choose the number of fully-imputed datasets with reference to the term in the imputation 

model that has the greatest percentage of missing values. One dataset will be imputed for each 

percentage point of missing data associated with this variable. Thus, if the worst-completed 

variable has 15% of data missing, then 15 datasets will be imputed. If however, the maximum 

missingness is less than 10%, we will create a minimum of 10 fully-imputed datasets. 

The primary endpoint analysis will be performed on each fully-imputed dataset, and the resulting 

parameter estimates combined using Rubin’s rules. 

In sensitivity analyses we will assume that all patients lost or withdrawn prior to an assigned 

CMR/SPECT/CT did not undergo an unnecessary coronary angiogram. If a patient withdraws or 

is lost to follow-up before undergoing an indicated coronary angiogram,  either as a result of the 

finding of the index test, or due to being in the 61-90% PTL section of the NICE Guidelines arm, 

then missing or unknown findings will be imputed using two approaches: 

Patients withdrawing or lost before an indicated coronary angiogram (or otherwise not 

undergoing the indicated procedure) will be categorised as not having an unnecessary 

coronary angiogram. (i.e. missing = No Event) 

Patients withdrawing or lost before an indicated coronary angiogram (or otherwise not 

undergoing the indicated procedure) will be categorised as having an unnecessary 

coronary angiogram. (i.e. missing = Event) 

Patient-reported outcome measures (EQ-5D, SF-12, SAQ-UK) completed by postal questionnaire 

will not be chased if not received. 

3. Populations



 

data. The intention-to-treat population is defined as all randomised patients, regardless of if they 

are ineligible, withdrawn, don’t comply with the protocol, are lost to follow-up or don’t receive 

any study treatment. Only patients who have withdrawn their consent for their data to be used 

in the study, or for whom written informed consent has not been received, will not be included 

in this population. These patients will be analysed and summarised according to the intervention 

they were randomised to receive. 

In the per-protocol population, patients will be analysed according to the strategy / test they 

received. The per-protocol population will exclude patients whose tests or trial conduct constitute 

a major protocol violation (see Appendix B). A list of such violations will be discussed and agreed 

by the TMG prior to analysis. When analysing the primary endpoint in this population, the 

definition of the primary endpoint will exclude unnecessary angiograms where a patient’s non-

invasive test result was negative, but overruled (or “not believed”) by the treating clinician.  

In the safety population, safety data will be analysed according to the actual test received. 

A separate quality of life population will be formed for the analysis of each questionnaire. (SF-

12v2, EQ5D-3L, EQ5D-5L and SAQ-UK) Each population will comprise all patients who return an 

analysable baseline questionnaire. 

4. Data Handling

Data will be monitored for quality and completeness by the CTRU in the following areas; 

consenting process, participant eligibility, safety, date consistency and test outcomes. Missing 

data in these areas will be chased until it is received, confirmed as not available or the trial is at 

analysis. Any problems with data collection will be discussed at internal project team meetings 

and, if appropriate, external project team meetings. All efforts will be made to ensure that as 

much of the data is present as possible and that reasons are obtained when data is unobtainable. 

The CTRU/Sponsor will reserve the right to intermittently conduct source data verification 

exercises on a sample of patients, which will be carried out by staff from the CTRU/Sponsor. 

Source data verification will involve direct access to patient notes at the participating hospital 

sites and the on-going central collection of copies of consent forms and other relevant 



 

investigation reports. A Trial Monitoring Plan has been developed which details the standard data 

and process monitoring performed for this trial being conducted by the CTRU. 

An independent data monitoring and ethics committee (DMEC) will review the safety and ethics 

of the trial as described in Section 1.7. The DMEC, in the light of the interim reports and of any 

advice or evidence they wish to request, (including the extent to which treating cardiologists / 

investigators are complying with the protocol) will if necessary report to the Trial Steering 

Committee (TSC) if there are concerns regarding the safety of the trial treatment. 

The following will also be examined continuously during the course of the trial: 

Consent 

Recruitment 

Randomisation 

Data quality/completeness (priority will be given to the key data items used to analyse 

the primary endpoint) 

Compliance with the protocol(e.g. eligibility, treatment group changes) 

SAEs/SUSARs/Deaths/Pregnancies 

Withdrawals from the trial / losses to follow-up 

Data management will focus on the data associated with the consenting process, participant 

eligibility, safety, date consistency and test outcomes and this section refers to the cleaning of 

these items. The Data Management Assistant (DMA)/ Trial Co-ordinator (TC) will carry out initial 

validation of the forms in accordance with the trial-specific Data Management Work Instructions. 

This will ensure that data is complete, consistent, and up-to-date. The Data Clarification Form 

(DCF) will be sent to sites to highlight missing data items and queries associated with data 

collected on CRFs to date. Reasons should be obtained when data is unobtainable. 

The database will validate most data in line with validation rules and highlight any issues that 

need further investigation i.e. with the site. Manual checks on all entered data will be performed 

prior to the validations being implemented. Data items collected relating to the safety and rights 

of individual patients are to be highlighted via priority validations and dealt with as a data 

management priority. Periodic batch validation will also be carried out to detect any data queries 

that may be missed if case record forms (CRFs) are entered in an order that does not allow real 

time validation checks to work. 



Unless otherwise stated, the NICE-guidelines strategy shall be summarised as a single “NICE  

A key data items list drawn up by the Trial Statistician that will include all data items that are 

required for the analysis of the primary endpoint. All key data items will be checked manually 

for completeness and accuracy by the DMA/TC, in addition to any automatic checks raised on 

the database. Data automatically generated through the 24-hour randomisation system will be 

checked by the Trial Statistician. 

The Trial Statistician will also perform checks to identify any missing or inconsistent data and 

liaise with the Senior Data Manager to resolve any queries. 

The data will be validated and checked using SAS in the following steps: 

The data will be read into permanent SAS data sets.  

A random sample of 5 patients from each SAS dataset will be checked against the data 

as seen on the database to ensure that the data transfer has been successful. The names 

and contents of the variables can be found on the annotated final database specification 

reports in the Statistician’s Trial File.  

Data checks will include:- 

Eligibility checks 

Sequential dates 

Checks for unusual and outlying data 

Inconsistency in data between forms  

Checks for missing data (are there variables which are systematically missing/do specific 

variables have a large amount of missing data, particularly key outcome data) 

Other checks as deemed appropriate 

Any inconsistent data will be noted and an e-mail sent to the data manager responsible for the 

study. A copy of this e-mail will be kept in the statistician’s trial file. All queries will be resolved 

and the outcome documented. 

5. Data Analysis



 

CG95 (2010)” strategy for summarising, but split into the 3 components of “NICE-CT”, “NICE-

SPECT” and “NICE-Angio” for listings, according to the pre-test-likelihood stated at 

randomisation. 

Confidence intervals for a single proportion shall be calculated using Wilson “Score” type 

intervals. [11] Confidence intervals for a difference between independent proportions shall be 

calculated using Newcombe-Wilson type intervals. [12] Where built-in calculations for these 

intervals are unavailable in statistics software, these will be validated after programming using 

the numerical examples included in the referenced papers, and considered correct if the results 

agree to the same level of precision. 

All percentages will be calculated using the total number of patients within the specified analysis 

population as the denominator (i.e. including all patients with missing data for that variable), 

percentages will be reported to 1 decimal place. All statistical tests will be 2-sided and performed 

at the 5% significance level. All analyses will be carried out using SAS.  

For summary statistics, the number of non-missing items, the means, standard deviations, 

medians, upper and lower quartiles and minima and maxima will be summarised to one more 

decimal place than the data are collected. Values that are below the limit of detection and 

therefore non-quantifiable will be summarised using the limit of quantification value. For listings, 

if required, the non-quantifiable value would be reported as an inequality and the limit of 

quantification value used would also be reported. 

When handling the minimisation factors, patient data will be categorised as described for 

analysis. Where the data entered on the telephone randomisation system differs from any values 

derived from baseline data, the corrected values resulting from the data cleaning process will be 

used for the primary analysis. Subgroup analyses will also use the corrected values. 

Analyses of primary and secondary endpoints will be performed separately for the CMR-guided 

vs. NICE-guided; for CMR-guided vs. SPECT-guided and SPECT-guided vs. NICE-guided care 

comparisons. Multivariable modelling to compare CMR vs. NICE strategies will exclude SPECT-

guided patients. The analogous analysis to compare CMR vs. SPECT-guided patients will exclude 

NICE-managed patients, and that for SPECT vs. NICE-guided patients will exclude CMR-guided 

patients. There is no analysis planned where NICE-guided patients expected to undergo SPECT 



 

imaging will be combined with SPECT-guided patients for the CMR vs. SPECT comparison. 

Multivariable analyses will not be “built” following a model-fitting strategy. Instead, all variables 

specified for inclusion will be added to the model, and the significance of each factor will be 

reported. Where one categorical variable has more than one “factor level” (For example: PTL 

categories are 0-9, 10-29, 30-60, 61-90, 91+) then the significance of overall effect of including 

all factor levels will be tested, rather than those for each individual factor level. For all factor 

levels, suitable point and interval estimates of effect size will be presented. 

Categorical variables shall use a pre-specified reference level. In the case of the 4 minimisation 

factors, the first value (underlined in section S1.5) shall be used as the reference category, 

unless said category comprises fewer than 25% of patients. In that case, the earliest value in 

the list that comprises 25% or more patients shall be used as the reference category level. By 

default, the randomising centre will be fitted as a fixed effect, both in the primary endpoint 

analysis, and in subgroup analyses, and the largest centre will be taken to be the reference 

category. 

If any analysis requires the use of simulation and / or re-sampling methods, the initial “seed” 

value for the random number generation will be 0471347728. The same seed will be used at the 

start of every such analysis. 

Patient baseline characteristics as recorded on the baseline assessment and randomisation forms 

(F03 and F04 respectively) will be tabulated using frequencies and summary statistics by 

treatment group, for each randomising centre and in total, for the intention-to-treat population 

(and per-protocol and safety populations if appropriate). No statistical testing will be carried out 

on these data.  

All Tests 

The numbers of patients undergoing each test will be presented. Reasons for patients not 

undergoing each test, or not fully completing each test will be presented. The conclusions for 

each test will be summarised, along with the decisions on patient management as a result of the 

test. The time between randomisation and the index test shall be summarised for each test and 

overall. For all non-invasive tests, the numbers proceeding to angiogram shall be presented, and 

the time between non-invasive test completion and angiogram will be summarised. For SPECT, 

the time shall be taken from the later of the SPECT Stress and SPECT Rest examinations. 



 

Image qualities will be summarised on a categorical basis. 

Since it is possible for a patient to receive an alternative test as a replacement for that suggested 

at randomisation, all test summaries shall be across all three randomised groups. 

Segment-level data (SPECT and CMR) 

Where variables are measured on a segment basis, we will analyse the 17-segment bulls-eye 

diagram both on a per-segment basis (i.e. reporting the scores each patient reports in each 

segment) and on a per-patient basis (i.e. summing the scores in all segments for the patient)  

If a test has rest and stress sections in which defects will be assessed, then a summed difference 

score (SDS) will be computed as the summed stress score (SSS) minus the summed rest score 

(SRS). If a test is evaluated using attenuation correction, then the effect of attenuation will be 

presented on a per-patient basis as the difference between the summed scores with and without 

attenuation correction. 

It will be assumed that any segment in the bulls-eye diagram that is left blank will have no 

defects identified, and so will be completed with a zero grade value. Any severity grades of 9 

(“Unable to assess”) will not be included in any summed scores, but will be included in categorical 

summaries of segment-level data. 

SPECT-Specific 

In the case of SPECT, the time from randomisation to test shall be defined as the time from 

randomisation to the earlier of the SPECT Stress and SPECT Rest examinations. For time from 

test to angiogram (where applicable) the time shall be taken from the later of the SPECT Stress 

and SPECT Rest examinations. The interval between SPECT Stress and SPECT Rest tests will be 

summarised, along with SPECT-specific test parameters and artefacts. 

3T CMR-Specific 

CMR-specific test-parameters and artefacts will be summarised. 

CT-Specific 

Summaries of CT calcium scoring will be presented by vessel and overall. This will be done both 

on continuous and categorical bases, using the cut-offs used in the NICE CG95 (2010) guidelines 

(0, 1-400, 401+). CT-specific test parameters and artefacts will be summarised. 



The binary logistic regression model will be extended to include other relevant cardiovascular 

risk factors (as decided by the TMG) of hypertension (Yes, No), diabetes (No, Type I, Type II),  

X-ray Angiography-specific 

Reasons for undergoing angiography will be summarised. Numbers of patients in whom coronary 

stenosis were identified will be presented. The numbers of segments assessed by FFR will be 

presented, along with a summary of the numbers of segments assessed in each patient. The 

maximum values of FFR for each patient will be summarised. The numbers of segments assessed 

by QCA in each patient will be summarised, and the maximum values of stenosis severity by 

QCA for each patient will be summarised. 

Vessel-specific disease will be classified according to location of any flow-limiting stenosis. On 

the 15-segment diagram used for Coronary Angiography, stenosis in segments 1-4 will 

correspond to the Right Coronary Artery (RCA), segments 6-10 to the Left Anterior Descending 

(LAD) segments 11-15 to the Left Circumflex (LCx) and segment 5 to the Left Main Stem (LMS) 

which feeds the LAD and the LCx. If flow-limiting stenosis is detected only in one of the RCA, 

LAD or LCx (not in the LMS) then this shall be considered as single vessel disease (1VD). If flow-

limiting stenosis is found in two of the three arteries, or is found in the LMS with no stenosis in 

the RCA, then this shall be considered double vessel disease (2VD). If flow-limiting stenosis is 

found in all three arteries, or in the LMS and in the RCA, then this shall be considered triple-

vessel disease (3VD). 

The numbers of patients undergoing an unnecessary invasive coronary angiography (i.e. 

negative angiogram) within 12 months of randomisation will be summarised within each of the 

3 strategy groups. Differences between the NICE-guidelines strategy and the 3T-CMR and SPECT 

strategies’ unnecessary angiography rates will be presented, along with 95% confidence 

intervals for the true difference. 

For the primary endpoint analysis, the unnecessary angiography rates for SPECT-guided care 

and NICE-guideline based management will be compared to that for CMR-guided care using a 

binary logistic regression model, which will adjust for patient’s age in years (categorised as in 

randomisation stratification), gender, randomising centre and PTL category (0-9%; 10-29%; 

30-60%; 61-90%; 91+%). The odds ratio for unnecessary angiogram in the SPECT and NICE 

groups against the CMR group will be reported with 95% confidence interval and p-value for the 

data seen, under the null hypothesis that unnecessary angiogram rates are no different between 

the pairs of groups. 



Two sensitivity analyses will be performed, wherein patients in whom angiography is 

indicated 

smoking status (Current Smoker, Ex-Smoker, Never Smoked) and ethnicity (White used as 

reference category) to understand the robustness of the results when controlling for other 

factors. 

The adequacy of the logistic regression models for the primary endpoint will be assessed by 

examining the following statistics and relevant graphical summaries: [13] 

Pearson and Deviance Residuals (Half-normal plots) 

Added Variable Residuals for including other relevant baseline covariates 

Leverage values 

Cook’s Distance 

Cross validation probabilities (the probability of a particular observation, conditional on 

the remaining observations) 

L-statistics (the influence of an observation on the difference in deviance due to fitting 

the treatment effect) 

To understand the consistency of the results, pre-specified subgroup analyses will be performed 

to identify differential benefits in terms of receiving an unnecessary angiogram. 

Methodologically, these will be performed as 2-sided tests of interaction between the 

strategy/group “effect” and the effect of the risk factor when building the logistic regression 

model. Subgroup analyses of particular interest specified in advance by the TMG are age, gender, 

hypertension, diabetes, ethnicity, smoking status (categorised as above) and BMI (Categorised 

as [0, 18.5), [18.5, 25), [25, 30), [30,highest]). In the primary analysis, all interaction effects 

will be fixed effects. For each interaction effect, the relevant Odds Ratio for unnecessary 

angiogram compared to CMR will be presented with 95% Confidence Interval, along with the 

numbers of patients contributing to each subgroup. A forest plot summarising the interaction 

effects will be presented. Post hoc subgroup analyses will always be described as such. 

Missing Data 

As detailed in Section 2.6.1, the primary endpoint (unnecessary coronary angiogram) analysed 

by the method of multiple imputation by chained equations. Thus, the primary endpoint analysis 

will be performed in each of the fully-imputed datasets, and the resulting parameter estimates 

will be combined using Rubin’s Rules to obtain valid estimates that incorporate the uncertainty 

due to missing data. 



 

but not performed will have unknown angiogram findings imputed assuming: 

Missing = No unnecessary angiography (i.e. missing = No Event) 

Missing = Unnecessary angiography (i.e. missing = Event) 

Mixed Effects Modelling 

The effect of fitting a random centre effect - rather than a fixed effect - will be investigated. The 

subgroup analysis will be repeated to produce a centre-by-strategy interaction effect as a 

random effect. 

To account for potential clustering between patients under the care of the same clinician, a mixed 

effects logistic regression model will be fitted where the random centre effect is replaced instead 

with a random clinician effect. If feasible, a second model that also accounts for clustering within 

centres will be fitted. (That is to say, the second model will consider clinicians clustered within 

centres, and patients clustered within clinicians) 

The key secondary endpoint analysis of MACE occurrence at 12 and 36 months will be estimated 

at the appropriate timepoints. 

The numbers of patients for whom a cardiac cause of death is recorded, or a cardiac 

hospitalisation is recorded will be presented. A summary of reasons for the first MACE events, 

and all MACE events occurring in the time window will be presented. If suitable, a summary of 

numbers of events per patient will be presented. The proportions of patients randomised to each 

of the 3 strategies will be presented, along with 95% confidence intervals.  

The key secondary analysis of the choice of strategy on the risk of MACE at 12 and 36 months 

will be assessed by presenting the difference between the MACE rates for CMR and those for 

NICE or SPECT, and a 95% confidence interval for the difference in the rates. The time-to-first-

MACE will be summarised using Cox proportional hazards regression, adjusting for all the risk 

factors specified in the extended model for the primary endpoint. Kaplan-Meier plots of time to 

first MACE will be presented. Median MACE-free survival time will be presented with 95% 

confidence interval, if this time is reached. No formal testing of a hypothesis that MACE rates 

are no different (or no worse) between two arms in question will be undertaken: such tests are 

unlikely to have sufficient power to correctly conclude equivalence / non-inferiority if this is the 

case. 



In all repeated measures modelling, the modelling assumptions will be checked by examining 

the residuals and predicted values from the model. 

 

To determine if CMR or SPECT is superior to NICE guidelines-based management in terms of 

reducing the occurrence of unnecessary angiography, the CMR and SPECT groups will be 

combined to form a single “Non-invasive imaging” group, and the risk of these patients who 

have high and low PTL of CHD undergoing an unnecessary coronary angiogram within 12 months 

of randomisation will be compared against the same high and low PTL patients in the NICE-

guidelines group. The logistic regression modelling approach for the primary endpoint will be 

followed, fitting the extended model specified in Section 5.2.3. 

The overall rates of “Necessary” / “Positive” angiogram (by FFR) will be estimated, using the 

total number of patients in the population as the denominator, and 95% confidence intervals will 

be presented for these rates. The absolute differences in the rates for CMR and NICE or SPECT, 

along with 95% confidence intervals for differences in proportions, will be presented. The 

“history” of positive angiogram findings will be summarised according to whether the endpoint 

resulted from a positive non-invasive test (a true positive finding), a negative non-invasive test 

that led to a non-per protocol angiogram (a false negative finding) an inconclusive non-invasive 

test, a “direct-to-angio” order due to NICE guidelines for high PTL patients, or other reasons. 

The Health Economics analysis will be undertaken separately. A separate analysis plan will be 

written by the York Centre for Health Economics. CTRU will arrange for the relevant data items 

to be transferred to the Health Economics team to facilitate their analyses. 

Safety 

Test Complication rates will be summarised by test undertaken (Safety population). Since a 

patient may receive a test other than that randomly selected, this summary will be presented 

by randomised strategy group. Test Complications will be listed. 

A listing of Related Unexpected Serious Adverse Events will be presented, and summarised by 

test undertaken (Safety Population). 

Quality of Life Analyses 

Summaries of Quality of Life measures will include summaries of completion by timepoint, at an 

individual question level and a scale or domain level where appropriate. 



The reasons for patients not being randomised in the study will be summarised. The dates on 

which the first and final patients were randomised will be reported. 

EQ-5D-3L and EQ-5D-5L 

The responses to the Visual Analogue Scale “Thermometer” type questions will be summarised 

at each timepoint. These values will be analysed using a repeated measures regression model, 

adjusting for randomising centre, age, gender and pre-test likelihood and baseline values (all 

modelled as fixed effects) and patient and patient by time effects (modelled as random effects) 

as well as time, randomised group and time by group interaction. 

The categorical responses to the 5 questions will be summarised at each timepoint. 

SAQ-UK

The scores for the summary measures of the SAQ (Physical limitation; Angina Stability; Angina 

Frequency; Treatment Satisfaction; Quality of Life) will be summarised at each timepoint 

separately and analysed separately (a combined overall SAQ score is not generated by this 

scale). For each, a repeated measures regression model, adjusting for randomising centre, age, 

gender and pre-test likelihood and baseline values (all modelled as fixed effects) and patient 

and patient by time interaction effects (modelled as random effects) as well as time, randomised 

group and time by group interaction effect. 

SF-12

The scores from the eight health domains, as well as the 2 aggregated Mental and Physical 

overall health scores will be summarised at each timepoint separately and analysed separately. 

For each, a repeated measures regression model, adjusting for randomising centre, age, gender 

and re-test likelihood and baseline values (all modelled as fixed effects) and patient and patient 

by time interaction effects (modelled as random effects) as well as time, randomised group and 

time by group interaction effect. 

Patient flow 

In line with the CONSORT guidelines for reporting randomised controlled trials, a flow diagram 

shall illustrate the flow of patients through the study, including the strategies to which they were 

assigned, the test strategies actually received and the subsequent management of the patients 

through to end of follow-up. The flow diagram will include the numbers of patients contributing 

to each analysis population. 



 

Withdrawals and loss to follow-up 

The number of patient and PI withdrawals/loss to follow-up and reasons for these withdrawals 

will be summarised.  

Protocol violators/deviations 

Protocol violations/deviations will be summarised overall, by treatment group and centre, 

including violations of eligibility criteria on entry into the trial, deviations from the treatment and 

assessment schedule. 

All serious and potential breaches of GCP that have occurred throughout the trial will be 

summarised by the Trial Co-ordinator and presented in the final report. 

6. Reporting and Dissemination of the Results

The trial has been registered with ClinicalTrials.gov (NCT01664858) 

The success of the study depends upon the collaboration of all participants. For this reason, 

credit for the main results will be given to all those who have collaborated in the study, through 

authorship and by contribution. Uniform requirements for authorship for manuscripts submitted 

to medical journals will guide authorship decisions. These state that authorship credit should be 

based only on substantial contribution to:  

conception and design, or acquisition of data, or analysis and interpretation of data 

drafting the article or revising it critically for important intellectual content  

final approval of the version to be published  

and that all these conditions must be met (www.icmje.org).  

In light of this, the Chief Investigator, Co-Applicants and senior CTRU staff will be named as 

authors in any publication, and an appropriate first author agreed through discussion amongst 

the Trial Management Group (TMG) members. In addition, all collaborators will be listed as 

contributors for the main study publication, giving details of their roles in planning, conducting 

and reporting the study. The CE-MARC2 team should be acknowledged in all publications, as 

should British Heart Foundation. Other key individuals will be included as authors or contributors 



 

as appropriate and at the discretion of the TMG. Any disputes relating to authorship will be 

resolved by the Trial Steering Committee (TSC). 

The Chairs and Independent members of the TSC will be acknowledged, but will not qualify for 

full authorship, in order to maintain their independence.  

To maintain the scientific integrity of the study, data will not be released prior to the first 

publication of the results of the primary endpoint analysis, either for study publication or oral 

presentation purposes, without the permission of the TSC.  

The TSC will agree a publication plan and must be consulted prior to release or publication of 

any study data.  

Individual collaborators must not publish data concerning their participants which is directly 

relevant to the questions posed in the study until the main results of the study have been 

published. Local collaborators may not have access to study data until after publication of the 

main study results.  

The primary endpoint data will be analysed after the 12 month follow-up assessment has been 

completed by the last patient entered into the study and a complete and exhaustive data chase 

has been performed. The database will be locked prior to the final analysis. A full report of all 

analyses and data summaries will be written as specified in this Analysis Plan, which is estimated 

to take approximately six months from the final closure of the database. After this analysis is 

complete, the results will be presented to the project team who will discuss them and decide if 

further analysis or investigation is required. 

The key secondary endpoint data at 36 months will be analysed after the 36 month follow-up 

assessment has been completed by the last patient entered into the study and a complete and 

exhaustive data chase has been performed. The database will be locked prior to the final 

analysis. A full report of all analyses and data summaries will be written as specified in this 

Analysis Plan, which is estimated to take approximately six months from the final closure of the 

database. After this analysis is complete, the results will be presented to the project team who 

will discuss them and decide if further analysis or investigation is required. 



 

The agreed first author of abstracts is responsible for circulating these to the other members of 

the TMG for review at least 15 days prior to the deadline for submission. 

The agreed first author of manuscripts is responsible for ensuring: 

timely circulation of all drafts to all co-authors during manuscript development and prior 

to submission  

timely (and appropriate) circulation of reviewers’ comments to all co-authors  

incorporation of comments into subsequent drafts  

communication with the TSC (i.e. ensuring submission is in line with TSC publication plan, 

and ensuring TSC receive the final draft prior to submission) 

The first author is responsible for submission of the publication and must keep the TMG and all 

authors informed of the abstract’s or manuscript’s status. The TSC will be kept informed of 

rejections and publications as these occur. On publication, the first author should send copies of 

the abstract or manuscript to the TSC, the TMG, the Sponsor and to all co-authors, and ensure 

that the British heart Foundation requirements are met.



of functional cardiac testing in the diagnosis and management of coronary artery disease: a 

randomised controlled trial. The CECaT trial. Health Technol Assess 2007; 11(49): iii-iv, 

ix-115.  
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Appendix A: 

Acute Myocardial infarction (3rd Universal Definition)14: 
Detection of the rise and/or fall of cardiac biomarkers (preferably troponin) with at least one 

value above the 99th percentile of the upper reference limit (URL) together with evidence of 

myocardial ischaemia with at least one of the following: 
Symptoms of ischaemia 

New or presumed new significant ST-segment–T wave (ST–T) changes or new left bundle 

branch block (LBBB). 

Development of pathological Q waves in the ECG 

Imaging evidence of new loss of viable myocardium or new regional wall motion 

abnormality 

Identification of an intracoronary thrombus by angiography or autopsy. 



Appendix B – Protocol Violators to be excluded from the Per-Protocol Analysis 

Where a site / patient’s conduct in the CE-MARC2 trial constitutes a Major Protocol Deviation, 

the patient will be excluded from the analysis of the Primary Endpoint, and of the Key Secondary 

Endpoint (MACE rates at 12 and 36 months) in the per-protocol analysis. 

Deviations listed in the following table as Major (Y) deviations will be used to determine patients 

to be excluded from the per-protocol analysis. 

Deviation Major 
(Y / N) 

Patient underwent non per-protocol angiogram (i.e. –ve CMR/SPECT/CT not believed 

by the treating clinician 

Y 

Patient was found to be ineligible after randomisation Y (For 

any 

reason) 

Patient did not receive any test strategy following randomisation (For any reason 

including DNA, withdrew from receiving tests etc) 

Y 

Patient received a test strategy other than assigned at randomisation (including 

received alternate pathway, refused to undergo mandated angiogram etc) 

Y 

Patient’s assigned test did not occur until more than 126 days had elapsed. Y 

Patient underwent 2 or more non-invasive tests between randomisation and first 
angiogram. 

Y 



 

Appendix C –Outline of Scoring rules for the Seattle Angina Questionnaire (SAQ-UK) 

The 19 questions of the SAQ-UK are scored as 5 separate scales, rather than as an overall 

measure. The full validated scoring document (“Scoring and Interpreting the SAQ) which covers 

handling missing data and particular scoring values will be followed, rather than the guidance 

given here. After handling and imputing missing data according to the scoring document, the 

general scoring approach is as follows:

Questions 1a, b, c, d, e, f, g, h and I feed into the Physical Limitation Scale

Question 2 is the Angina Stability Scale

Questions 3 and 4 correspond to the Angina Frequency Scale

Questions 5, 6, 7 and 8 correspond to the Treatment Satisfaction Scale

Questions 9, 10 and 11 correspond to the Quality of Life Scale

For the Physical Limitation Scale (PL) the result is given by

PL = 100 x (Mean Response – 1) / 4

For the Angina Stability Scale, (AS) the result is given by  

AS = 100 x (Response – 1) / 4 

For the Angina Frequency Scale, (AF) the result is given by 

AF = 100 x (Mean Response – 1) / 5 

For the Treatment Satisfaction Scale, (TS) the result is given by 

TS = 100 x (Mean Response – 1) / 4 

For the Quality of Life Scale, (QoL) the result is given by 

QoL = 100 x (Mean Response – 1) / 4 



   

  

Appendix D – Analysis Plan Amendment and Deviation Log 

Current 

Version 

Number 

New 

Version 

Number 

Section Description and Reason for Amendment or Deviation Trial 

Statistician

Name & Date 

Supervising 

Statistician

Name & Date 

1.0 2.0 S2.6.1 Change to method of imputation of missing data. Previous 

was to assume that an absence of unnecessary angiogram 

classed as “no event”. New primary analysis to use multiple 

imputation to impute either positive or negative angiogram 

finding where one was indicated, but not performed.  

1.0 2.0 S5.2.4.1 Updating this section in line with the changes to Section 

2.6.1 

1.0 2.0 S5.2.4 Clarify that the Hypertension covariate will be categorised as 

the effect of YES vs NO 
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