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Background: The majority of sudden cardiac death (SCD) in patients with heart failure
occurs in those with mild-moderate left ventricular (LV) systolic dysfunction (LVEF
36-50%) who under current guidelines are ineligible for primary prevention implant-
able cardiac defibrillator (ICD) therapy. Recent data suggest that cardiac magnetic
resonance (CMR) evidence of replacement fibrosis forms a substrate for malignant
arrhythmia and therefore potentially identifies a subgroup at increased risk of SCD.
Our hypothesis is that among patients with mild-moderate LV systolic dysfunction, a
CMR-guided management strategy for ICD insertion based on the presence of scar or
fibrosis is superior to a current strategy of standard care.

Methods/Design: CMR GUIDE is a prospective, multicenter randomized control trial
enrolling patients with mild-moderate LV systolic dysfunction and CMR evidence of
fibrosis on optimal heart failure therapy. Participants will be randomized to receive
either a primary prevention ICD or an implantable loop recorder (ILR). The primary
endpoint is the time to SCD or hemodynamically significant ventricular arrhythmia (VF
or VT) during an average 4-year follow-up. Secondary endpoints include quality of life
assessed by Minnesota Living with Heart Failure Questionnaire, heart failure related
hospitalizations, and a cost-utility analysis. Clinical trials.gov identifier NCT01918215.
Discussion: CMR GUIDE trial will add substantially to our understanding of the role of
myocardial fibrosis and the risk of developing life-threatening ventricular arrhythmias.
If the superiority of a CMR-guided approach over standard care is proven, it may
change international clinical guidelines, with the potential to considerably increase

survival in this growing patient population.

KEYWORDS
cardiac magnetic resonance imaging, implantable cardiac defibrillator, left ventricular systolic

dysfunction, sudden cardiac death, syncope

Abbreviations: ACE, angiotensin converting enzyme; ATP, anti-tachycardia pacing; BPM, beats per minute; CAD, coronary artery disease; CMR, cardiac magnetic resonance image; EDV, end-di-
astolic volume; EOS, end of study; ESV, end-systolic volume; HF, heart failure; HLA, horizontal long axis; ICD, implantable cardiac defibrillator; ILR, implantable loop recorder; LGE, late gadolinium
enhancement; LVEF, left ventricular ejection fraction; LVOT, left ventricular outflow tract; MACE, major adverse cardiac event; MM, myocardial mass; MMP, Matrix metalloproteinases; NICM,
Nonischemic cardiomyopathy; OMT, optimal medical therapy; QALY, quality-adjusted life years; ROI, region of interest; RWM, regional wall motion; SCD, sudden cardiac death; SPECT, single
photon emission computed tomography; SV, stroke volume; SVT, supraventricular tachycardia; TIMPs, tissue inhibitors of metalloproteinases; VLA, vertical long axis.
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1 | INTRODUCTION

Heart failure is a rapidly expanding clinical syndrome having preva-
lence between 1% and 2% in adults and increasing to over 10% in
those aged above 70 years (Kong et al., 2011; Soliman et al., 2010).
Coronary artery disease and primary diseases of the myocardium (car-
diomyopathies) account for approximately two-thirds of cases in the
western world. A significant contributor to mortality in heart failure
is ventricular tachyarrhythmia leading to sudden cardiac death (SCD)
(Epstein et al., 2013; de Vreede-Swagemakers et al., 1997; Weisfeldt
& Becker, 2002). The safest and most effective therapy for ventricular
tachycardia/ventricular fibrillation (VT/VF) is defibrillation (Weisfeldt
& Becker, 2002) and in this regard, the advent of implantable cardiac
defibrillator (ICD) technology has transformed clinical practice where
device therapy has become standard care in several patient popula-
tions (Epstein et al., 2013).

The most recent American Heart Association/Heart Rhythm
Society guidelines assign a class | recommendation for ICD implan-
tation for primary prevention of SCD in patients with a left ventricu-
lar ejection fraction (LVEF) <35% on optimal medical therapy (OMT)
(Epstein et al., 2013). The LVEF cutpoint of 35% for ICD implantation
is based on the inclusion criteria of major randomized trials (Epstein
et al.,, 2013) which have consistently demonstrated a one-third re-
duction in all-cause mortality with the exception of the Multicenter
Automatic Defibrillator Implantation Trial (MADIT-1) trial where a
54% risk reduction was found (Moss et al., 1996). However, recent
studies highlight that current treatment guidelines substantially un-
derestimate the number of patients who would benefit from ICD im-
plantation (Dagres & Hindricks, 2013). The majority of SCD occurs
in patients with mildly impaired or preserved LVEF (Makikallio et al.,
2005; de Vreede-Swagemakers et al., 1997), a trend reflected in both
historic and contemporary data. The Oregon Sudden Unexplained
Death Study, a prospectively enrolled community sudden cardiac
death registry, examined 2093 cases of sudden death in the period
2003-12 from an intake population of 1 million (Narayanan et al.,
2013). Of the 448 SCD cases with a pre-event LVEF estimate, 308
(68%) patients had a LVEF >35% and would have been excluded from
ICD therapy under current guidelines. Of these cases, 79.5% of deaths
were excluded from ICD therapy by current guidelines and 55% were
excluded from ICD therapy because of a LVEF between 36 and 50%.

Current risk stratification tools in patients with a LVEF above 35%
who may benefit from primary prevention ICD therapy are therefore
suboptimal. Cardiac magnetic resonance (CMR) imaging can identify
myocardial scar and replacement fibrosis, which forms a critical sub-
strate for ventricular arrhythmia, and represents a potentially transfor-
mative investigative technology enabling enhanced risk stratification
in patients in this subgroup, a population currently excluded from ICD
therapy under major society guidelines.

The primary objective of CMR GUIDE is to assess the effective-
ness of ICD therapy in patients with mild to moderate left ventricular
systolic dysfunction with myocardial fibrosis on CMR imaging in pre-

venting SCD or hemodynamically significant ventricular arrhythmia.

Furthermore, we will examine the impact of ICD therapy on all-cause
mortality, quality of life, heart failure functional class, and heart
failure-related hospitalization and to perform a cost-utility analysis to
estimate the incremental cost per quality-adjusted life year (QALYs)
of ICD therapy versus standard care. In a substudy of CMR GUIDE, a
registry will be established to examine the incidence of SCD and he-
modynamically significant ventricular arrhythmia in patients with mild
to moderate left ventricular dysfunction without myocardial fibrosis
on CMR.

2 | METHODS/DESIGN

2.1 | Hypothesis

The principal hypothesis of CMR GUIDE is that in patients with mild
to moderate left ventricular systolic dysfunction and CMR evidence
of myocardial fibrosis, a strategy of ICD insertion will be superior to
standard care. The secondary hypothesis is that CMR-guided ICD in-
sertion in this patient population will be cost effective compared with

standard care.

2.2 | Endpoints

2.2.1 | Primary endpoint

The primary endpoint is a composite of:

1. Sudden cardiac death (SCD) or

2. Hemodynamically significant ventricular arrhythmia producing syn-
cope (defined by a loss of consciousness) or associated with hypo-
tension (systolic blood pressure < 90 mmHg)

2.2.2 | Secondary endpoints

Sudden cardiac death

Hemodynamically significant ventricular arrhythmia

All-cause mortality

New York Heart Association functional class

Quality of Life (Minnesota Living with Heart Failure Questionnaire)
Heart failure-related hospitalizations

N ook~ wDd R

Cost (health economic evaluation)

2.3 | Study conduct

CMR GUIDE is an international, multicenter, combined registry and
randomized trial to be conducted at 23 sites across Australia and
Europe. All patients will provide written consent prior to enrollment
in accordance with the principles of the declaration of Helsinki. The
study protocol has been approved by the Southern Adelaide Ethics
Committee (Australia) and registered on www.clinicaltrials.gov iden-
tifier NCT01918215. Sites with established heart failure and CMR
imaging programs will be invited to participate in this trial. Each pro-
spective site will have to submit 50 de-identified case report forms

to indicate that they have sufficient cases that meet study eligibility
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criteria. Only upon fulfilling this requirement will a site be deemed
suitable to participate in this study. This approach will ensure re-
cruitment targets are met in an efficient manner as only centers with
sufficient CMR expertise and motivation (as demonstrated by the
completed participant screening) will be involved in the trial. We will
therefore know at a very early stage whether recruitment targets can
be met, thus permitting timely change in the number of sites invited to
participate. In addition, the identification of 50 potential participants
per site even before trial commencement will minimize the risk of sites
not recruiting.

Each participating center has approval by their respective
Institutional Review Board or Ethics Committee. An independent aca-

demic executive committee led by J.S developed the protocol.

2.4 | Patient population

Principle inclusion and exclusion criteria are shown in Table 1. CMR
GUIDE will enroll male and female patients aged 218 years with a
left ventricular ejection fraction between 36 and 50% due to coro-
nary artery disease (CAD) or nonischemic cardiomyopathy (NICM).
All patients will be on optimal medical therapy. Coronary artery
disease is defined as evidence of one of three criteria: clinical his-
tory of prior myocardial infarction, significant (>70%) stenosis of a
major epicardial coronary vessel by coronary angiography or prior
revascularization with percutaneous coronary intervention (PCI)
or coronary artery bypass grafting (CABG). Patients without clini-
cal criteria for CAD with CMR findings of endocardial scar on CMR
will not be enrolled. Nonischemic cardiomyopathy will be defined as
Idiopathic, Familial, or Chronic Post Myocarditis based on the pa-
tients’ clinical and family history. The etiology of the systolic dys-
function (whether CAD or NICM) will be defined apriori on the basis

of the patient’s clinical diagnosis they have prior to entry into the

TABLE 1 Inclusion and exclusion criteria

Inclusion criteria

e >18 years of age

e LVEF 36-50% on echocardiography, CMR, or Multigated
Aquisition Scan (MUGA) in the previous 6 months

e Coronary artery disease or dilated nonischemic cardiomyopathy
(idiopathic or familial)

e On optimal and maximally tolerated doses of beta-blockers or ACE
inhibitors (or angiotensin receptor blockers if intolerant to ACE
inhibitors)

e Reasonable likelihood of compliance with the study procedures and
follow-up requirements

Exclusion criteria

e Patients who are pregnant

e Standard CMR contraindications

e Current pacemaker or defibrillator in situ

e Renal impairment defined as an eGFR <30 milliliters/min

e Recent myocardial infarction (<40 days)

e Percutaneous coronary angioplasty or CABG within 90-days
e NYHA class IV

o Life expectancy <12 months

e Current indication for device therapy
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trial. Patients are then recruited based on whether the CMR find-
ings fulfill entry criteria for their preexisting diagnosis. Patients with
infiltrative cardiomyopathy will be excluded due to the uncertain
utility of ICDs in this population (Epstein et al., 2013). Participants
must not have concomitant indications for a permanent pacemaker,
biventricular pacemaker, or ICD therapy. Also excluded are patients
who have had a myocardial infarction within 40 days or any coro-
nary revascularization procedure (PCl or CABG) within 3 months of
enrollment, as well as those with unstable angina or stable angina
with Canadian Class 2 or above symptoms. In keeping with guide-
lines for ICD implantation in patients with LV ejection fraction <
35%, patients will not be required to undergo functional testing for
ischemia prior to recruitment for CMR GUIDE. Treating clinicians
will be encouraged however to offer myocardial revascularization
and appropriate medical therapy to patients, as indicated by inter-
national guidelines. Following myocardial revascularization patients
can enroll in the trial but only if they fulfill the entry criteria after
repeat assessment > 3 months after their revascularization proce-
dure. Similarly, newly presenting NICM patients need to have at
least 3 months of maximally tolerated medical therapy before being

eligible for randomization.

2.5 | Study procedures and randomization

Table 2 illustrates the key phases of the trial. Participants will be re-
cruited through heart failure clinics and echocardiography databases
to undergo preliminary screening eligibility. Prior to enrollment, all par-
ticipants are required to have had a LVEF measurement in the previous
6 months by any modality (echocardiography, left ventriculography,
CMR, SPECT MPI). Consenting participants will then attend an initial
clinic visit where a medical history (including their NYHA functional
class), physical examination, ECG, and measurement of N-terminal
Pro-BNP and Troponin T will be performed. A baseline Minnesota
Living with Heart Failure questionnaire and EQ-5D questionnaire to
estimate quality-adjusted life year (QALYs) will also be performed.

CMR screening will firstly confirm that the patient meets the in-
clusion criteria of a LVEF between 36 and 50% for enrollment in the
trial. Secondly, it will identify the presence and extent of myocardial
fibrosis with late gadolinium enhancement (LGE), which is defined
for ICM as two or more transmural (>75%) myocardial segments and
for NICM as evidence of any myocardial fibrosis. Patients with NICM
whose CMR shows evidence of any scar or fibrosis will be randomized
to the ICD implant group or the implantable loop recorder (ILR) group.
Patients with ICM, need to have two or more myocardial segments
(using 17 segment AHA model) of transmural (>75%) LGE to be eligible
for randomization. Patients with isolated RV insertion point fibrosis
will not be considered to have myocardial fibrosis as the prognostic
importance in this setting is less certain. Patients who have already
undergone a CMR for clinical reasons within the previous 2 months
who fulfill the above criteria will be eligible for randomization into the
trial without repeat screening CMR. CMR analysis will be performed
at the CMR Core Lab, South Australian Health and Medical Research
Institute (SAHMRI), Adelaide, Australia.
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TABLE 2 Trial time line

Q1-2 Q3-4 Q1-2 Q3-4
Task 2015 2015 2016 2016

Project preparation
- Approve ethics
- Employ personnel
- Confirm protocol
- Training

Patient recruitment
- Australia

Patient recruitment
-Europe

Patient follow-up

Closeout:
- Data clean out and verification
- Analysis
- Results dissemination

2.6 | Study arm with myocardial fibrosis

Patients with CMR evidence of myocardial scar or fibrosis as previously
defined, will be allocated to the device arm of CMR GUIDE and will be
randomized via a centralized computer allocation (1:1) to receive either
a BIOTRONIK single chamber implantable cardiac defibrillator (ICD) or
a BIOTRONIK implantable loop recorder (ILR) (Figure 1). A maximum
of 2 months will be allowed from the time of CMR screening to rand-
omization. Programming parameters will be standardized at the time of
implant and represent a combination of both the high rate and delayed
therapy arms of the MADIT clinical trial (Moss et al., 2012) (Table 3). The
monitor zone in patients with ICDs will allow rhythm correlation in those
with syncope, allowing comparison with the ILR group. Anti-tachycardia
pacing will include two active tachycardia therapy zones and a further
inactive monitor zone, which will be determined by tachycardia cycle
length. All ICDs will have backup bradycardia pacing set at 40 bpm.

2.6.1 | Follow-up

Patients in the device arm (ICD or ILR) will be followed as per standard
post implantation practice at 3, 6, 12, 24, 36 months and depending on
time of enrollment at 48 and 60 months. An end of study (EOS) visit will
occur for patients who are >39 months following enrollment. At follow-
up visits, the Minnesota Living with Heart Failure questionnaire and
EQ-5D questionnaire to estimate quality-adjusted life year (QALYs) will
be performed. Also, an assessment of unexpected adverse events and
study endpoints will be performed. Patients in the ILR implant group
will have their device downloaded annually or following an event. At the
conclusion of the trial, participants with an ICD inserted will have the
option of keeping the device active or having it inactivated. All partici-
pants with an ILR inserted will have it removed at conclusion of the trial.

2.7 | Study arm without myocardial fibrosis

Participants without CMR evidence of scar or fibrosis (according to
the definitions above) will be enrolled into the observational registry.

Q1-2 Q3-4 Q1-2 Q3-4 Q1-2 Q2-3 Q3-4
2017 2017 2018 2018 2019 2019 2020

2.7.1 | Follow-up

Collection and review of study endpoints for participants in the regis-

try group will occur at 12, 24, and 36 months.

2.8 | Study outcomes

The primary outcome will be incidence of sudden cardiac death, or
first hemodynamically significant ventricular arrhythmia (VT/VF)
during an average 4-year follow-up period (Table 4). Sudden cardiac
death is a standard endpoint used in many ICD trials. We have defined
sudden cardiac death (SCD) as an unexpected death due to cardiac
causes occurring in a short time (generally within 1 hr of symptom
onset) in a person with known or unknown cardiac disease. We have
defined hemodynamically significant ventricular arrhythmia as ven-
tricular arrhythmia associated with syncope (defined as loss of con-
sciousness) or documented hypotension (systolic BP < 90 mmHg)
during the dysrhythmia.

The secondary outcomes consist of sudden cardiac death, hemo-
dynamically significant VT, all-cause mortality, quality of life assessed
by Minnesota Living with Heart Failure Questionnaire, heart failure
symptoms, heart failure-related hospitalizations, and a cost-utility
analysis.

The cost-utility analysis will estimate the cost per quality-adjusted
life year (QALY) of the intervention over standard care. Costs will
be assessed in terms of procedural cost, hospital admission, and re-
admission cost and ambulatory care cost within the context of an
Australian Refined Diagnostic Group (AR-DRG) weight. Nonhospital
medical-based services and drugs over the average 4-year follow-up
will be estimated from Medicare data and the Pharmaceutical Benefits
Schedule.

QALYs will be estimated from patient level measures of utility de-
rived from the EQ-5D instrument at each time point and integrated
with survival curves to estimate quality-adjusted life years in each trial
arm. Based on the differences in costs and QALYs between the two
arms, the incremental cost per QALY gained will be estimated.
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Assessment for eligibility:
(1) Age > 18 years

(2) ICM or NICM

(3) LVEF 36 to 50%

(4) Likely to comply with study follow-up requirements

Excluded:

(1) Standard CMR contraindications

(2) Current pacemaker or defibrillator,
(3) eGFR <30 mL/min

(4) Recent MI (< 40 days)

(5) NYHA class IV

(6) Life expectancy <12 months

(7) Current indication for device therapy
(8) Pregnancy

Cardiac Magnetic Resonance Imaging for fibrosis/scar (n = 1055)

(10% drop-out)

~ "\

FIGURE 1 Patient flow

2.9 | Investigations

2.9.1 | CMRscanning

There are two routes in which patients will have a CMR. The majority
of patients will be enrolled on clinical ejection fraction measurements
by echocardiography, MUGA, SPECT etc. and then have CMR as part
of the study. These patients will have their study CMR reimbursed by
the trial budget and will not have the scan paid for by hospital/health
insurance. However, patients who have a clinical CMR which fulfills
criteria can be enrolled via a clinical route and CMR not repeated

No fibrosis/scar Fibrosis/scar
(n=521) present (n = 428)
Registry Randomization
Follow-up 12, 24 1:1
and 36 months
Implantable Cardiac Implantable Loop
Defibrillator (214 Recorder (214 patients)

patients)

Device and clinic follow-up at 3, 6, 12, 24 and 36 months

Primary outcome: composite of sudden cardiac death and
hemodynamically significant ventricular arrhythmia.

Secondary outcomes: SCD, hemodynamically significant
ventricular arrhythmia, syncopal ventricular arrhythmia,
all-cause mortality, NYHA class, quality of life outcomes,
heart failure related hospitalizations, and cost utility.

(provided the clinical CMR is in last 2 months prior to enrollment). This
is expected to be a minority of patients.

All scans will be performed on 1.5 or 3T scanners from a variety
of vendors (Phillips, Siemens, and General Electric). Images will be
acquired using phase array surface coils, ECG gating, and expiratory
breath-hold imaging. Cine images will be performed initially in long
axis views including horizontal long axis (HLA), vertical long axis (VLA),
left ventricular outflow tract (LVOT), and contiguous short axis slices
that encompass the entire LV from base to apex. Tissue characteriza-
tion of the LV for T1 mapping and late gadolinium enhancement (LGE)
will be performed in matching short axis slices. T1 mapping will only
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TABLE 3 Device therapy programming parameters

ICD group

A single chamber BIOTRONIK ICD will be implanted with the
following parameters:
a. Ventricular fibrillation (VF):
Rate >250 bpm
Detection: 8 out of 12 beats
Treatment: 6 * 40J shocks with ATP during charging
b. Ventricular tachycardia (VT) 2:
Rate: 200-249 bpm
Detection: >40 beats, SVT discriminators ON
Treatment: 4 * ATP bursts then 6 * 40J shocks
c. Ventricular tachycardia 1:
Rate: 171-199 bpm
Detection: >64 beats
Treatment: Monitor zone - no therapies
d. Bradycardia:
Rate: <40 bpm
Treatment: VVI pacing @ 40 bpm
ILR group
A BIOTRONIK implantable loop recorder will have the following
parameters programmed
a. Tachycardia:
Rate >170 bpm
Detection >64 beats
b. Bradycardia:
Rate <40 bpm
Detection: >5 beats

TABLE 4 Primary and secondary endpoints

Primary endpoints

e Sudden cardiac death (SCD) or

e Hemodynamically significant ventricular tachycardia (VT) producing
syncope (defined by a loss of consciousness) or associated with
hypotension (systolic blood pressure <90 mmHg)

Secondary endpoints

e Sudden cardiac death

o Hemodynamically significant ventricular arrhythmia (VT)

o All-cause mortality

e New York Heart Association functional class

e Quality of Life (Minnesota Living with Heart Failure Questionnaire)
e Heart failure-related hospitalizations

e Cost (health economic evaluation)

be performed at selected sites using Siemens (1.5 T scanner), utilizing
the Shortened Modified Look-Locker Inversion recovery (ShMOLLI)
sequence before administration of contrast. The acquisition parame-
ters have been previously published (Piechnik et al., 2010). In brief,
ShMOLLI T1-maps are based on 5-7 images with specific TI~100-
5000 ms, collected using SSFP readouts in a single breath-hold, typ-
ically: TR/TE~201.32/1.07 ms, flip angle = 35°, matrix = 192 x 144,
107 phase encoding steps, interpolated voxel size = 0.9 x 0.9 x 8 mm,
cardiac delay time TD = 500 ms; 206 ms acquisition time for single
image. LGE images will then be carried out 6 min after injection of
0.10 mmol/kg of a 1 molar gadolinium-based contrast agent using

a T1l-weighted inversion gradient echo sequence. Images are to be

acquired sequentially in the short axis, followed by long axis views.
If any hyperenhancement is observed, all short-axis slices are to be
phase swapped. A single mid-ventricular short axis slice, in the same
position as the mid ventricle native T1 slice, will be acquired for post
contrast T1 maps at 15 min after the administration of contrast as has
been previously published (White et al., 2013).

2.9.2 | CMR image analysis

CMR analysis will be performed at the CMR Core Lab South Australian
Health and Medical Research Institute (SAHMRI), Adelaide, Australia.
Images would be transferred to the core lab in digital form by being
uploaded using the Filezilla Client system https://filezilla-project.org/.
This will be accompanied by an Electronic Image Acquisition form. For
sites that have firewall restrictions imposed by their hospitals, data
will be accepted on CD-ROMs that are express posted to the Core
Lab. Sites will be notified of potential qualification by the core lab
within 72 hr. Randomization will not be performed by the Core Lab.

Analysis will be performed with dedicated computer software
(CMR42, Release 5.1, Circle Cardiovascular Imaging, Calgary, AB,
Canada). Functional data will be assessed using the cine images, based
on previously published criteria (Alfakih et al., 2004). In brief, endocar-
dium and epicardium are contoured in end-diastolic and end-systolic
phase to ascertain end-diastolic (EDV) and end-systolic volumes (ESV)
and subsequently LV stroke volume (SV), ejection fraction (EF), and
myocardial mass (MM) are calculated. All parameters will be indexed
to body surface area.

For ischemic LV dysfunction; the LV cavity is divided into 17 seg-
ments according to a standardized model (Cerqueira et al., 2002).
Regional wall motion (RWM) will be analyzed by a separate, experi-
enced observer blinded to the LGE finding in accordance with previ-
ously published criteria (Selvanayagam et al., 2004).

Short axis images from native T1 maps will be manually con-
toured using third party software, specifically designed for analysis of
ShMOLLI-based T1 maps; software MC-ROI (programmed by S.K.P.
in Interactive Data Language, version 6.1, Exelis Visual Information
Solutions, Boulder, CO, USA) (Ferreira et al., 2013). Specifically, the
outline of the endocardium and epicardium will be obtained, and
then divided into six segments per slice using the anterior right ven-
tricular-left ventricular insertion point as reference and for compar-
ing segments among sequences. Only regions of myocardium with a
contiguous area of 240 mm? above the specified thresholds will be
considered relevant to minimize effects of noise as positive findings.
All slices will be matched for cine images, precontrast T1 maps, and
LGE images.

In evaluation of infarct size, using LGE images, a region of inter-
est (ROI) will be placed within the hyperintense myocardium and used
to define the maximum signal for full width half maximum (FWHM)
threshold. The size of the ROI is dictated by the boundaries of the
area to avoid any endocardium and epicardium surfaces. Furthermore,
a manual correction will be made to exclude any hyperintense pixels
that have been incorporated as part of blood pool, pericardial partial
voluming, or artifact. Infarct size is to be quantified in each short axis
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Hazard ratio:

100%

90%

80% 9

70%

60%

50%

Power

40%
30%
20%

10%

FIGURE 2 Power calculations for
primary endpoint based on different hazard
ratios

0%

90.0% 90.5%

and summed to provide total infarct size. Furthermore, areas of LGE
will be graded in transmural extent (0, no LGE; 1, 1-25% LGE; 2, 26-
50% LGE; 3, 51-75% LGE; and 4, 276% LGE) and quantified by use of
computer-assisted planimetry on each of the short axis images.

For evaluation of nonischemic pattern of hyperenhancement (mid-
wall or subepicardial), two independent observers will evaluate each
short axis slice as has been previously published (Gulati et al., 2013).
Presence of scar should be visualized in at least two orthogonal planes
by two experienced CMR readers. A third blinded observer will adjudi-
cate cases of disagreement. Quantification of hyperenhancement will
be performed utilizing the FWHM method as was described by Gulati
etal., (2013).

2.10 | Cardiac biomarkers

After enrollment, patients in both the device arm and the observa-
tional registry will have baseline N-terminal pro B-type natriuretic
peptide (NT-proBNP) and high sensitivity Troponin T (hsTnT) values
measured. In addition, serum markers of fibrosis (MMP and TIMPs)
will be measured. This will allow external validity of our patient popu-
lation, and as risk predictors of SCD (Hussein et al., 2013; Scott et al.,
2009) will help to ensure successful randomisation of patients with

myocardial fibrosis to device therapy.

2.11 | Data collection and monitoring

A centralized data management center will be based at the George
Institute, Sydney Australia. An independent clinical events commit-
tee (CEC) will review and adjudicate all primary endpoint events and
selected secondary endpoints in a blinded fashion based on study
definitions. The primary objective of the CEC will be to manage the
process of coordinating independent review and adjudication of sus-
pected endpoints. Primary and specified secondary endpoint events
that are adjudicated will require sites to complete specific event case
report forms (CRFs) and provide source documents. An additional

independent committee, the Device Data Committee (DDC), will
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Proportion surviving after 1 year (Control group)

adjudicate all device downloads (ILR and ICD). Data on sustained
and nonsustained atrial and ventricular arrhythmia and appropriate
and inappropriate ICD therapies will be collected in a prospective

manner.

2.12 | Study organization

Responsibility for the study will reside with the study Steering
Committee, comprised of the chief investigators. The study will com-
ply with the International Conference on Harmonization and Good
Clinical Practice standards, and will be reported in accordance with
the 2010 CONSORT guidelines. The study steering committee will be
the main policy and decision-making committee for the study and will
meet by teleconference on a quarterly basis. The clinical trial coordi-
nation and the Data Management Center will be located at SAHMRI
and the chief investigator will coordinate activities across all the par-
ticipating sites.

The authors are solely responsible for the design and conduct of
the study, all analysis, the drafting and editing of this article, and its
final contents. Funding of the study will be provided by the South
Australian Health and Medical Research Institute (SAHMRI) and all
devices (ICD and ILR) will be provided by BIOTRONIK.

2.13 | Statistical considerations and data analysis

In total, 1055 patients (assuming a 10% dropout) will be the recruit-
ment target consisting of 428 patients in the device-group and 521
patients in the registry group. These sample size calculations are
based on achieving 80% power. See Figure 1 for an illustration of
participants flow through the trial. We estimate 7.5% annual rate of
the primary endpoint (Gulati et al., 2013) and have made a conserva-
tive estimate of hemodynamically significant ventricular arrhythmia
of 3.5%, based on observational and interventional ICD trials (Abello
et al., 2006; Wilkoff et al., 2008). We have conservatively estimated a
rate of SCD/aborted SCD at 4% per year. The power calculations for
different hazard ratios and event rates is shown in Figure 2.
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In the Gulati et al. study, (2013) the rate of SCD or aborted SCD
in patients with NICM and myocardial fibrosis was 5.2% per year.
Syncope is common in the heart failure population, with an incidence
of up to 6.8% per year, and is associated with a poor outcome (Bansch
et al., 1998; Middlekauff et al., 1993). Although the etiology can be
multifactorial (Cerqueira et al., 2002), it is often related to ventricular
arrhythmia (Middlekauff et al., 1993; Pires et al., 2000).

We predict a hazard ratio of the primary endpoint of 0.45 in the
ICD group compared with the ILR group. Previous ICD trials such as
MADIT Il have shown a hazard ratio reduction of similar or higher de-
gree for SCD (HR 0.33 for SCD in MADIT Il) (Greenberg et al., 2004). It
seems reasonable to assume that although the incidence of SCD and
hemodynamically significant ventricular arrhythmia may be lower in our
patient population, the effect size will be similar. In total, this gives an
estimated raw sample size of 246. CMR GUIDE is an endpoint-driven
trial and patients in the ILR group who have aborted SCD or who have
hemodynamically significant ventricular arrhythmia (SBP <90 or syn-
cope) will have met the primary endpoint and will receive an ICD as per
standard practice. The presence of NSVT is not an indication for ICD
and therefore we will encourage investigators not to crossover to ICD
therapy. However, we recognize that in some patients with VT who do
not have hemodynamic compromise may be offered an ICD. As such we
have assumed a drop-in rate of 20%, producing an adjusted sample size
of 384. Assuming a further loss-to-follow-up rate of 10%, the final ad-
justed sample size is 428. To achieve appropriate power for the primary
endpoint of sudden cardiac death or syncope to ventricular arrhythmia,
we plan recruitment over 2 years with an average follow-up of 4 years.

Statistical analysis will be performed on an intention-to-treat basis.
The main analysis of the time to SCD or ventricular arrhythmia leading
to syncope will be performed using the log-rank test. Also, competing
risk approaches will also be used to account for deaths from other
causes and the following baseline covariates will be used for prespec-
ified adjustment of the treatment effect: age quartile, gender, heart

failure etiology, and baseline LVEF.

3 | DISCUSSION

CMR GUIDE will add substantially to our understanding of the role of
myocardial fibrosis in patients with mild to moderate LV dysfunction
and the risk of developing life threatening ventricular arrhythmias. This
subgroup represents the majority of patients who succumb to SCD in
the community, and are currently excluded from primary preventative
ICD therapy. The presence of myocardial late gadolinium enhance-
ment (LGE) on CMR is used to identify highly specific patterns of fibro-
sis and scarring in many of the heart failure states (Leong et al., 2012;
McCrohon et al., 2003; Selvanayagam et al., 2004, 2005). Potentially,
the most significant application of the CMR in patients with cardiomy-
opathy is its emerging role in determining prognosis. Recent studies
suggesting the presence of LGE in NICM patients might be associated
with adverse clinical outcomes above traditional risk factors (Assomull
et al.,, 2006; Wu et al., 2008). While the study by Wu et al., (2008)
examined only patients with a LVEF <35%, a study by Assomull et al.,

(2006) suggested that CMR LGE may have prognostic implications for
NICM patients with a LVEF 36-50%.

The power calculations for CMR GUIDE are based on a longitudinal
study of 472 patients with nonischemic cardiomyopathy referred for
CMR imaging between November 2000 and December 2008. The study
found that both the presence and extent of fibrosis were independently
associated with SCD or aborted SCD (Gulati et al., 2013) with a median
ejection fraction of 37.2% and a median follow-up of 5.3 years. Among
the 142 patients with midwall fibrosis, there were 38 deaths (26.8%)
versus 35 deaths (10.6%) among the 330 patients without fibrosis (haz-
ard ratio [HR], 2.96 [95% Cl, 1.87-4.69]; absolute risk difference, 16.2%
[95% Cl, 8.2-24.2%]; p < .001). The arrhythmic composite of SCD or
aborted SCD was reached by 42 patients with fibrosis (29.6%) and 23
patients without fibrosis (7.0%) (HR, 5.24 [95% Cl, 3.15-8.72]; absolute
risk difference, 22.6% [95% Cl, 14.6-30.6%]; p < .001).

Among patients with a LVEF of 36-50%, LGE was present in 48 (22%)
of the patients and during follow-up 24 (11%) of the cohort achieved the
endpoint of SCD/aborted SCD. There were 15 (31.3%) events within the
LGE-positive group as compared to 9 (5.3%) in the LGE-negative group.
(HR, 6.38; 95% Cl 2.79 to 14.59 p < .0001. (S. Prasad, unpublished data).
After adjustment for LVEF and other conventional prognostic factors, both
the presence and extent of fibrosis was independently associated with
SCD or aborted SCD (by fibrosis presence: HR, 4.61 [95% Cl, 2.75-7.74],
p.001; and by fibrosis extent HR, 1.10 [95% Cl, 1.05-1.16], p < .001).

It is likely that the rates of SCD or aborted SCD in patients with
CAD-related heart failure and LGE would be even higher than that
seen in NICM (Kwong et al., 2006). A recent meta-analysis and re-
view of the literature of this area by Zemrak et al. indicates that the
presence of LGE on CMR is a strong predictor of mortality and major
adverse events (major adverse cardiac events (MACE), sudden death,
nonfatal MI, and new or worsening HF) in patients with coronary ar-
tery disease (Zemrak & Petersen, 2011). Meta-analysis of available
prospective studies showed that the presence of LGE on CMR in-
creases both the hazards of death and MACE by almost four times
in patients with coronary artery disease (Zemrak & Petersen, 2011).
With increasing size of LGE (per gram or percent), the hazard ratio for
death and MACE increased by 4% and 5%, respectively (18, 37, 39). In
addition, the spatial extent of LGE is associated with increased hazard
for mortality and MACE (Wu et al., 2008).

One study, “Defibrillators to Reduce Risk by Magnetic Resonance
Imaging Evaluation” (DETERMINE), has attempted to prospectively
randomize patients with mild to moderate heart failure to ICD ver-
sus standard therapy. (Kadish et al., 2009) This trial however failed to
meet its recruitment target and was subsequently discontinued. CMR
GUIDE differs from DETERMINE in that it will include patients with
nonischemic cardiomyopathy (NICM), which will broaden the eligibility
for enrollment and also improve the generalizability of our findings.
Furthermore, we will be using different CMR criteria for identification
of myocardial fibrosis in patients with CAD. DETERMINE recruited
patients with LGE >10% LV mass which we believe has no evidential
basis and the absolute LGE quantification in grams is more technically
challenging and would likely preclude widespread implementation of
the study findings into clinical practice.
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There is wide variability in the literature in assessing and reporting
the degree of LGE in patients with coronary artery disease. As reviewed
by Zemrak & Petersen, (2011), prior studies have reported on infarct
mass (Klem et al., 2012), relative infarct mass (% of total LV mass), num-
ber of segments with LGE, infarct transmurality, and infarct heterogene-
ity. In our study, we will recruit patients with CAD who have transmural
(>75% of wall thickness) LGE in two or more myocardial segments.
This is based on two recent studies (Desjardins et al., 2009; Scott et al.,
2013) demonstrating that in patients with ischemic LV dysfunction
scheduled for primary prevention ICD therapy, an increasing number
of myocardial segments with >75% transmural LGE is associated with
increased risk for life-threatening arrhythmias and cardiac death. This
was especially so in patients with two or more transmural segments. A
recent study by Desjardins et al., (2009) fused electroanatomic mapping
results with CMR images in postinfarct patients with recurrent ventric-
ular arrhythmias and showed that electric instability was particularly
increased in scar regions with high transmural involvement and large
infarct cores. Hence, although both infarct size and transmurality are
important in defining risk, infarct transmurality is an easier parameter to
measure clinically and is therefore likely to be more robust. Hence, we
will use infarct transmurality as the primary criteria for inclusion into the
trial for CAD patients, but will nevertheless quantify infarct size in our
secondary analysis. The latter analysis may identify patients at greater
or lesser risk, and be hypotheses generating for future trials.

4 | SUMMARY

CMR GUIDE is a large prospective multicenter randomized trial of
CMR-guided primary prevention ICD insertion versus standard ther-
apy in patients with mild to moderate left ventricular systolic dysfunc-
tion on optimal medical therapy. Our findings have the potential to
significantly transform clinical practice with identification of a sub-
group of patients at high risk for SCD, currently ineligible for defibril-
lator therapy under current society guidelines.

4.1 | Trial status

Recruitment commenced in July 2015.
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