Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2022 Jun; 166(2):173-179.

Cardiac Resynchronization and Defibrillator Therapy (CRT-D) or CRT Alone
(CRT-P) in patients with dilated cardiomyopathy and heart failure without late
gadolinium enhancement (LGE) cardiac magnetic resonance imaging (CMRI)
high-risk markers - CRT-REALITY study — Study design and rationale
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Background. Primary preventive implantation of implantable defibrillator (ICD) is according to current guidelines
indicated in patients with heart failure NYHA (New York Heart Association) class II/lll and LVEF <35%. Thanks to ad-
vances in heart failure pharmacotherapy, a decrease in mortality could render a benefit of ICD insufficient to justify its
implantation in some patients.

Methods. Study design: multicenter, prospective, randomized, controlled trial evaluating the benefit of implantation of
Cardiac Resynchronization and Defibrillator Therapy (CRT-D) or CRT Alone (CRT-P) in non-ischemic patients with reduced
left ventricle ejection fraction (LVEF) and optimal pharmacotherapy without significant mid-wall myocardial fibrosis
detected by cardiac magnetic resonance (CMR). The primary end-point: Re-hospitalization for heart failure, ventricular
tachycardia, major adverse cardiac events (MACE). The secondary end-points: Sudden cardiac death, cardiovascular
death, resuscitated cardiac arrest or sustained ventricular tachycardia, device-related complications, and change in
quality of life. Course of the study: After a pharmacotherapy is optimized and significant mid-wall myocardial fibrosis
excluded, patients will be randomized 1:1 to CRT-P or CRT-D implantation.

Discussion. If our hypothesis is confirmed, this could provide evidence for the management of these patients with a
significant impact on common daily praxis and health care expenditures.

Trial registration. ClinicalTrials.gov, NCT04139460
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BACKGROUND nization therapy (CRT) reduces morbidity and mortality
in patients with symptomatic HF, reduced left ventricular

Non-ischemic cardiomyopathy (DCM) is a common  ejection fraction (LVEF), and prolonged QRS duration?.
heart muscle disease characterized by an enlarged left Thanks to advances in heart failure pharmacotherapy,
ventricle (LV) with impaired contractility in the absence  a decrease in mortality could render a benefit of ICD
of significant coronary artery disease (CAD). It is associ- insufficient to justify its implantation in some patients.
ated with significant morbidity and mortality due to heart =~ Moreover, the risk of ventricular arrhythmias and SCD
failure (HF) and a significant rate of sudden cardiac death  may be sufficiently reduced with CRT-P alone due to LV
(SCD). Despite recent therapeutic advances, 5-year mor-  reverse remodeling’. In the recent DANISH trial, implan-
tality remains as high as 20% (ref.!). Cardiac resynchro-  tation of a cardiac defibrillator (ICD) in patients who had
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HF that was not caused by ischemic heart disease did not
provide an overall survival benefit*. Since no randomized
controlled trial (RCT) has been designed to compare the
effects on clinical outcomes of cardiac resynchronization
therapy pacemaker (CRT-P) and cardiac resynchroniza-
tion therapy with a defibrillator (CRT-D) in patients with
DCM, the scientific community now wavers over the jus-
tification of an ICD implantation in this patient group’.
The question of whether there is a benefit of CRT-D over
CRT-P and at what cost is very important. ICD implanta-
tion is considerably more expensive. Especially in coun-
tries with fixed budgets for healthcare and healthcare
utilization based on cost-benefit analysis, a widespread
use of CRT-D devices is very limited. Moreover, the com-
plex design of defibrillator leads can lead to a higher risk
of their failure in the CRT-D systems®’. A prospective,
randomized clinical trial which would evaluate the ben-
efit of these two approaches is greatly anticipated by the
cardiologists around the world.

METHODS

Study design

The ICD-Reality study is a non-commercial, investi-
gator-led, multicenter, prospective, randomized, blinded,
controlled, interventional parallel-design trial. We aim to
determine the effect of CRT-D or CRT-P implantation in
DCM and HF patients.

Clinical hypothesis

Patients with symptomatic HF, with LVEF <35% and
without LV mid-wall fibrosis on late gadolinium enhance-
ment cardiovascular magnetic resonance imaging (CMR),
will not benefit from CRT-D implantation compared with
CRT-P only implantation.

Inclusion Criteria

> 18 years of age at the time of screening; Documented
non-ischemic HF with an LVEF < 35; QRS>130ms;
NYHA class II-IV; Signed written informed consent; NT-
proBNP above 200 pg/mL.

Exclusion Criteria

Uncorrected congenital heart disease or valve ob-
struction, obstructive cardiomyopathy, active myocardi-
tis, constrictive pericarditis, untreated hypothyroidism or
hyperthyroidism, adrenal insufficiency, active vasculitis
due to collagen vascular disease. Presence on the urgent
waiting list for a heart transplant (UNOS category 1A
or 1B, or equivalent). Patients on the non-urgent wait-
ing list for a heart transplant (UNOS category 2 or 7,
or equivalent) are eligible for inclusion in the study.
Recipient of any major organ transplant (e.g., lung, liver,
heart). Receiving or has received cytotoxic or cytostatic
chemotherapy and/or radiation therapy for treatment of
a malignancy within 6 month before randomization or
clinical evidence of current malignancy, with the follow-
ing exceptions: basal or squamous cell carcinoma of the
skin, cervical intraepithelial neoplasia, prostate cancer
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(if stable localized disease, with a life expectancy of >
2.5 years in the opinion of the investigator). Known to
be human immunodeficiency virus positive with an ex-
pected survival of less than 5 years due to HIV. Chronic
kidney disease with glomerular filtration rate <30 mL/
min; chronic dialysis treatment. Recent (within 3 months)
history of alcohol or illicit drug abuse disorder, based
on self-report. Any condition (e.g., psychiatric illness) or
situation that, in the investigator’s opinion, could put the
subject at significant risk, confound the study results, or
interfere significantly with the subject’s participation in
the study. Unwilling to participate.

Additional information related to inclusion and exclusion
criteria

The qualifying LVEF and NT-proBNP Ievel has to be
measured after a maximal tolerated pharmacotherapy of
heart failure has been achieved. A non-ischemic cause
of HF has to be determined by coronary angiography.
Patients could be included even if they will have one or
two coronary arteries with stenosis, if the extent of coro-
nary artery disease will not be considered to be sufficient
to account for the reduced LVEF. Patients with a signifi-
cant coronary heart disease (CAD) will be excluded.
Patients with an existing conventional pacemaker could be
included if they will be willing to have the device changed
or upgraded. Patients with any form of atrial fibrillation
will not be excluded.

The primary end-point

Re-hospitalization for heart failure, ventricular tachy-
cardia, major adverse cardiac events (MACE). MACE is
defined as a composite of nonfatal stroke, nonfatal myo-
cardial infarction, and cardiovascular death.

The secondary end-points

Sudden cardiac death, cardiovascular death, resusci-
tated cardiac arrest or sustained ventricular tachycardia,
device-related complications, and change in quality of life.

TIME-COURSE OF THE STUDY

Estimated number of patients needed to be screened and
randomized

600 patients are needed to be randomized according
to the study power analysis. Since 35% of patients are
estimated to be LG-E positive and thus excluded from
randomization, 924 patients are needed to be screened.

Pre-screening

Patients with non-ischemic HF visiting an out-patient
department and possibly eligible for the trial will have
their pharmacotherapy optimized (Fig. 1, Table 1). A
screening visit in an out-patient department will be sched-
uled in 1-2 months after pharmacotherapy optimization
since the qualifying LVEF and NT-proBNP level has to
be measured after a maximal tolerated pharmacotherapy
of heart failure has been achieved.
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Table 1. The study time table.

Enrollment

Allocation Post-allocation Close-out

Activity/Assessment SO - Prescreening | S1-Screening | S2 - Screening

S3 - Screening

Randomization MO - treatment | M6 | M12 | M18 | M24 | M30 M36

On-site visit X X X

X X X X X X

Enrollment

Screening-log X X

X

Inclusion/exclusion criteria

ICF signing

Intervensions

Pharmacotherapy optimization

CRT-D / CRT-P implantation

Assessment

MRI

Coronarography (optional)

Medical history

Vital signs / NYHA class

Lab. tests

NT-pro-BNP

x [x |x |x

Echocardiography

X [x |x [x [x|x

Qol questionnaires

AE/SAE

x |x |x [x|x[x[x
X |x |x [x =[x [x
X |x |x [x |x[x [x

X

S0, Prescreening visit; S1, Screening visit; S2, Randomization visit; M0, Treatment visit; M6-M 36, Follow-up visits

Screening

After the signing of informed consent, screening exam-
ination will be performed. On the consent form, partici-
pants will be asked if they agree to use of their data should
they choose to withdraw from the trial. Participants will
also be asked for permission for the research team to
share relevant data with people from the Universities
taking part in the research or from regulatory authori-
ties, where relevant. This trial does not involve collecting
biological specimens for storage. The informed consent
will be obtained by attending physician in every center
and a signed original will be stored in each individual
center for the whole duration of the study. The screening
examination will include medical history, documentation
of underlying cardiac disease. The following co-morbid-
ities will be specifically documented: peripheral arterial
disease, cerebral vascular disease, pulmonary disease, dia-
betes mellitus, hypertension, sleep apnea, tobacco use,
and any malignant disease within the last 5 years. Physical
exam with vital signs, NYHA functional class, pulse rate,
resting blood pressure will be performed. Cardiovascular
pharmacological treatment will be documented. Standard
laboratory parameters are to be recorded, including cre-
atinine, estimated glomerular filtration rate, liver tests,
TSH, NT-proBNP.

Transthoracic echocardiography will be done to
confirm LVEF <35% using biplane Simpson’s method.
Documented will be LV end-systolic and end-diastolic di-
ameters and volumes, thickness of ventricular septum and
LV posterior wall, stroke volume, cardiac output, indexed
left atrial volume, presence and grade of valvular heart
disease, right ventricle diameter, TAPSE, presence and
grade of pulmonary hypertension. Selective coronarogra-
phy will be performed if it was not done before to exclude
patients with a severe coronary heart disease. LGE-CMR
imaging will be performed by an operator blinded to all
other clinical data to evaluate left ventricular mid-wall
fibrosis. Patients with a significant amount of fibrosis
will be excluded from the study and treated according to
local practice with an emphasis on ICD implantation to
prevent SCD.
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Randomization

After fulfilling all eligibility criteria, including maxi-
mally tolerated pharmacotherapy, subjects will be random-
ized by the physicians who enrolled them in a 1:1 ratio to
receive CRT-D or CRT-P implantation. Randomization
will be carried out by physicians enrolling patients
through a stand-alone web-based CRF managed by an
independent biomedicine and statistics center, indepen-
dent on all randomizing personnel. The web-CRF-based
allocation sequence will be based on computer-generated
random numbers and will be concealed until the type of
intervention is assigned.

Treatment

After randomization, devices will be implanted as
soon as possible (within 2 weeks). The ICD will be pro-
grammed with anti-tachycardia pacing and shock therapy
as per common praxis.

Follow-up

All patients will be followed-up for at least 3 years
after the implantation. After the implantation, all patients
will be examined every 6 months in an out-patient de-
partment with the assessment of medical history, vital
signs, physical exam, and NT-proBNP as in the screening
visit. A device control will be performed every 6 months.
Patients will be evaluated for possible end-points. Deaths
and hospitalizations for heart failure, stroke or arrhyth-
mias will be recorded throughout the study duration. An
Endpoint Classification Committee will adjudicate hospi-
talizations and deaths for causality. An independent Data
Monitoring Committee will periodically review mortality
data throughout the study. After device implantation the
concomitant care and all possible concomitant interven-
tions will be carried out as per common praxis. Every
effort will be made to minimize lost to follow-up patients
and curtail this potential bias.

Quality of life
Quality of life (QoL) is assessed at baseline and
annually during follow-up. Patients will fill out the
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SF-36 Questionnaire for general QoL, the MacNew
Questionnaire for disease specific QoL (ref.3?)

Blinding

Trial participants will be blinded to the device type for
the whole duration of the trial.

The randomizing and implanting physicians will not
be blinded to the type of the device. These physicians
will not take care in the subsequent patients’ follow-up
and sign a declaration of confidentiality. The same will
be true for the physicians/technicians attending to the
device interrogation during follow-up visits. The device
type will be hidden and physicians will sign a declaration
of confidentiality. The patients’ documentation will not
reveal the device type. A maximum effort will be done to
hide the type of the implanted device. The implantation
will be intramuscular and the device interrogation follow-
up visits will not reveal the device type. The physicians
attending the follow-up visits and entering all patients’
data into web-based CRF will be blinded to the implanted
device type. The outcomes assessors will also be blinded
to the implanted device type. In case of an emergency
with a need to reveal the type of the device, i.e. lead frac-
ture, infection in the place of implantation, ventricular
tachycardia, the site principal investigator will decide to
unblind the patient. This will be documented in the CRF.

ADDITIONAL INFORMATION

Coordination and trial safety

Patients will be screened in all centers and random-
ized via a dedicated professionally created web-based
Case Report Form (CRF). CRF and randomization
module creation will be done by Institute of Biostatistics
and Analyses at the Faculty of Medicine of the Masaryk
University (IBA MUNI Brno). All patients will be
screened, included in the study, randomized, implanted
and followed-up in the center where the screening will
take place. All patient data will be filled in the web-based
CRF by physicians in the center that enlisted the patient.
All other centers will be thus blinded with respect to the
patient data. For safety reasons, all patients will be fol-
lowed using a daily ECG monitoring and analysis. ECG
from the Home-monitoring units will be evaluated in a
dedicated center. This center will evaluate the ECGs sent
from the Home-monitoring units with respect to patient
safety and the study end-points. If the Home-monitoring
unit reveals any rhythm disturbance they will contact the
patient’s physician and make a record in the CRF. If a
sustained ventricular tachyarrhythmia is documented
on a Home-monitoring in a CRT-P patient, a decision
will be made and documented about a possible crossover
to CRT-D as soon as possible. Potential important pro-
tocol modifications (e.g. changes to eligibility criteria,
outcomes, analyses) will be communicated with trial par-
ticipants, trial registry and mentioned in the final publica-
tion. Patients who will deviate from intervention protocols
(e.g. crossover to CRT-D implantation) will continue to
be followed-up.
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Fig. 1. The study flow-chart.

DISCUSSION

The evidence for ICDs in non-ischemic HF prior to
the DANISH trial is far from being robust. There had
been no randomized trials of ICD vs. no ICD in non-isch-
emic HF that reported reduced mortality. The most im-
portant evidence so far was a subgroup analysis of DCM
patients in the SCD-HeFT trial showing a non-significant
trend towards reduced mortality [hazard ratio (HR) 0.73;
97.5% confidence interval (CI) 0.50-1.07] (ref.'®"). A re-
cent meta-analysis evaluated the impact of ICD in primary
prevention of SCD in DCM patients. This analysis com-
bined the results of older RCTs and the recent DANISH
trial. In contrast with the neutral results of the DANISH
trial alone, the pooled analysis showed a significant reduc-
tion in total mortality in patients with ICD. The authors
acknowledged that “differences in background medical
therapy may confound the results of the meta-analysis”!.

The patients in the DANISH trial (published in 2016)
were enrolled between 2008 and 2014 (n=1,116), while
patients of the previous RCTs published in the 2000s
(n=1,851) were enrolled between 1991 and 2002. We
have witnessed a huge improvement in the treatment of
HF since the older meta-analyzed studies. The rates of
SCD have decreased over the last 20 year. The rate of
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death from cardiac cause, both from worsening of HF
and from arrhythmias, is declining. In a recent analysis of
12 pivotal HF trials conducted from the mid-90s to 2015
(n=40195), rates of sudden cardiac death had reduced by
44% over a 20-year period'. This decline in SCD rates
due to major advances in pharmacological therapy for
HF is the most important reason of the DANISH trial
results. In the DANISH trial, sudden death occurred in
24 patients (4.3%) in the ICD group and in 46 patients
(8.2%) in the control group (HR 0.50; 95% CI 0.31-0.82;
P=0.005)*. Rates of sudden death were thus very low. Only
70 patients had a sudden death over the 5 years of follow-
up of 1116 patients. Recently, SCD rates have been further
reduced by sacubitril/valsartan. Since this drug was not
available during the DANISH trial, it could be argued that
now it is even more difficult to reduce sudden death rates.
DANISH trial was not a direct comparison of CRT-P vs
CRT-D. Only 58% of patients had a CRT. And that is
very important since CRT could lead to a favorable LV
remodeling and thus reduce the substrate for ventricular
arrhythmias.

So who should receive a CRT-P and who should re-
ceive a CRT-D? No dedicated and adequately powered tri-
al has addressed this important question. COMPANION
had a three-arm randomization to CRT-D, CRT-P and op-
timal medical therapy alone's. No difference was seen be-
tween CRT-D and CRT-P since this trial was not powered
enough to detect it. A stand-alone trial is undoubtedly
necessary. An important topic in the CRT-P/CRT-D im-
plantation decision making process is the rate of compli-
cations. DANISH reported a not negligible complication
rate. In the ICD group 3% had a serious device infec-
tion, 2% pneumothorax and 6% received inappropriate
shocks. In real-world population, complication rates are
even greater'’. The need for a better selection of patients
is clearly perceived by clinical cardiologists. A recent sur-
vey of the European Heart Rhythm Association analyzed
the changes in the indications to ICD in patients with
DCM in the post-DANISH trial era. 46% of cardiologists
declared to have changed their indications to ICD after
the DANISH trial publication. Only 33% declared the
need of further evidence or a change in guidelines before
modifying their clinical practice's.

It is crucial to exclude patients with a high SCD risk.
Outside LVEF assessment, effective risk stratification
with respect to SCD in DCM patients remains challeng-
ing. Ventricular fibrosis detected by LGE is a powerful
predictor of ventricular tachy-arrhythmic events in DCM
patients. Both the presence and extension of ventricular
fibrosis correlate with the occurrence of ventricular ar-
rhythmias and SCD, irrespective of the grade of LV dys-
function. The assessment of ventricular fibrosis has been
suggested as a candidate marker to improve the decision
making for ICD therapy in patients with left ventricular
dysfunction’. Myocardial fibrosis promotes ventricular
tachy-arrhythmias by creating a vulnerable substrate for
re-entrant activity and by favoring the emergence of trig-
gers. Currently, LGE-CMR is the reference method for
the non-invasive assessment of ventricular fibrosis. Gulati,
et al. tried to determine whether myocardial fibrosis de-
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tected by LGE-CMR is an independent predictor of mor-
tality and SCD in DCM. After adjustment for LVEF and
other conventional prognostic factors, both the presence
of fibrosis and the extent were independently and incre-
mentally associated with all-cause mortality. They have
showed that the presence of a mid-wall fibrosis has a big
impact on the risk profile of patients across the broad
spectrum of LVEF. For example, a patient with LVEF of
35% in their cohort had a risk of death by 5 years of 12.7%
(95% CI, 6.8%-23.0%). When mid-wall fibrosis status was
added to the risk model, the risk of death for a patient
with LVEF of 35% and no mid-wall fibrosis decreased
10 9.4% (95% CI, 5.0%-17.5%), while those with mid-wall
fibrosis now had a predicted risk of death of 19.9% (95%
CI, 10.8%-35.0%) (ref.2°). Patients enlisted to our trial will
thus have a CMR examination before implantation and
patients with a severe fibrosis will be excluded from the
study and they will receive a CRT-D.

Trial ethics

Although a stand-alone CRT-P vs. CRT-D is necessary
to provide evidence of the right treatment choice, an im-
plantation of CRT-P in a patient with a reduced LVEF can
be seen as troublesome. In the proposed trial, we do our
best not to include patients with a clear benefit of ICD -
we exclude those with CAD and to be sure these patients
in high risk of SCD are not included, we will exclude pa-
tients with LV fibrosis on CMR according to a strict pre-
defined protocol. Moreover, the whole patient group will
be less risky considering SCD compared to the DANISH
study population thanks to a 100% CRT implantation rate
with a higher chance of a reverse LV remodeling in these
non-ischemic patients in comparison with a general popu-
lation due to the absence of LV scarring and thanks to the
optimized and up-to-date pharmacotherapy. As mentioned
above, CRT, as well as the modern pharmacotherapy, de-
crease mortality of these patients. Mortality of patients
in our trial will be thus most probably lower than in the
DANISH trial where an ICD implantation did not lead
to a mortality benefit compared with patients without it.

SCD risk will never be zero in patients with HF. If we
consider lowering the SCD risk of patients with DCM
and HF down to zero, we will have to implant an ICD
(or CRT-D) in all patients even without a solid proof of
mortality benefit of ICD implantation in these patients.

Such an approach has two pitfalls.

1) Health-care expenditures: CRT-D is technologically
considerably more complex than CRT-P with a roughly
three times higher price. CRT-D is not even closely
implanted in all patients that meet the current guide-
lines criteria®. A proof of absence of CRT-D superior-
ity over CRT-P in a strictly defined patient population
with a DCM could theoretically enable implantation
of devices with a clear mortality benefit (CRT-P) in
an approximately three times larger patient population
in countries where health care expenditures are set
according to a strict cost-benefit analysis’.
Complications rate: CRT-D implantation could be
linked with higher complications rate compared with

2)



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2022 Jun; 166(2):173-179.

CRT-P. In an analysis of a multi-centric European co-
hort study (3008 patients; CRT-D, n=1785), the com-
plications requiring surgical revision were found in 475
patients (during a mean follow-up of 41.4+29 months)
(ref.?!). Patients with CRT-D had significantly more
complications than patients with CRT-P (HR=1.68,
95% CI 1.27-2.23, P=0.001), especially infectious
complications (HR 2.10, 95% CI 1.18-3.45, P=0.004).
Moreover, this analysis did not include non-adequate
ICD shocks (apart from damaged defibrillator leads).
Non-adequate ICD shocks occur in 15% of patients
with ICD and significantly lower the quality of their
life?2.

It is entirely possible that, the price of these devices,
their technological complexity and the complications rate
will be lowered in the future so the choice between CRT-D
and CRT-P will be rendered obsolete. Nowadays, decades
after the first CRT implantation, this is still far from the
truth.

CONCLUSION

We present a design of a multicenter, prospective,
randomized, controlled trial evaluating the benefit of im-
plantation of CRT-D or CRT-P in non-ischemic patients
with reduced LVEF and optimal pharmacotherapy with-
out significant mid-wall myocardial fibrosis detected by
CMR. If our hypothesis is confirmed, this could provide
evidence for the management of these patients with a sig-
nificant impact on common daily praxis and health care
expenditures.
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