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Chapter 6

CRT Devices in Heart Failure:
Does the Patient Need a Pacemaker
or Defibrillator?

C. Normand and K. Dickstein

Introduction

Cardiac resynchronization therapy (CRT) can be delivered through CRT pacemaker
devices (CRP-P) or CRTs with a defibrillator component (CRT-P). Most patients
with heart failure who qualify for a CRT device also have an overlapping indication
for primary prophylaxis against sudden arrhythmic death with an implantable
cardioverter-defibrillator (ICD) [1, 2]. Therefore, clinicians must frequently decide
whether an individual patient should receive a CRT-P or a CRT-D.

A recent survey of 11,088 patients undergoing CRT implantation conducted in
Europe by the European Society of Cardiology (ESC) showed that 70% of patients
were implanted with a CRT-D device and 30% with a CRT-P [3]. However, when
analyzing individual countries, the percentage of CRT-P ranged from 2% to 88% [4].

International Guideline Recommendations

There is limited specific advice in international guidelines regarding the choice of
device type. The ESC European Heart Rhythm Association (EHRA) guidelines sug-
gest implanting a CRT-D in patients with a life expectancy >1 year, NYHA func-
tional class II, ischemic heart disease, and no major comorbidities [5]. They
recommend selecting a CRT-P in patients with advanced heart failure, severe renal
insufficiency or dialysis, and other major comorbidities including frailty and
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cachexia. The 2015 ESC guidelines for the management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death recommend implanting a
CRT-D for prevention of sudden cardiac death (SCD) in heart failure patients in
NYHA class IT if their QRS is >130 ms, with LBBB and a LVEF <30% [2]. Another
ESC association guideline—the Heart Failure Association (HFA)—states that, if the
primary reason for implanting a CRT is to improve prognosis, most evidence lies
with CRT-D for patients with NYHA functional class II and with CRT-P for patients
in NYHA functional classes III to IV. If the primary reason for implanting the device
is relief from symptoms, HFA guidelines propose that the clinician chooses between
a CRT-P and a CRT-D, as he/she considers appropriate [1].

The Canadian Cardiac Society (CCS) guidelines suggest that a CRT-P be consid-
ered in patients who are not candidates for ICD therapy, such as those with a limited
life expectancy because of significant comorbidities [6]. The NICE guidelines spe-
cific to the United Kingdom provide specific guidance on whether to implant a
CRT-P or a CRT-D depending on NYHA class, QRS duration, and morphology, but
do not consider the patient characteristics addressed by the EHRA guidelines [7].
The 2018 heart failure guidelines from Australia state that when CRT is indicated in
most cases, a CRT-D is preferred, although, in patients with nonischemic heart fail-
ure, a CRT-P device may provide adequate protection. Furthermore, they state
that—in patients who do not wish to have the potential for defibrillation, where the
left ventricle is likely to improve, in the very elderly, or in those who retain a poorer
prognosis but remain symptomatic—it would be reasonable to consider a CRT-P
over a CRT-D [8]. American Cardiology Society recommendations relating to CRT
are found in the American College of Cardiology Foundation/American Heart
Association (ACCF/AHA) guidelines for the management of heart failure (2013),
which were harmonized with the ACCF/AHA/Heart Rhythm Society (HRS) 2012
focused update of the 2008 guidelines for device-based therapy of cardiac rhythm
abnormalities. Neither of these guidelines provide advice on choice of device type
[9-11]. Furthermore, since publication of the 2013 guidelines, several focused
updates of heart failure have been published by ACC/AHA/Heart Failure Society of
America (HFSA). These updates do not propose changes to CRT recommendations,
nor do they provide advice on choice of CRT device type [12, 13].

The Evidence for Implanting CRT-D

The recommendation for implanting a defibrillator in patients with symptomatic
heart failure and reduced ejection fraction was based on the results of two large tri-
als: the Multicenter Automatic Defibrillator Implantation Trial II (MADIT II) and
the Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT) [14, 15]. In MADIT
II 1232 patients with prior myocardial infraction and LVEF <30% were randomly
assigned in a 3:2 ratio to receive an ICD or optimal medical therapy (OMT). [15] In
the SCD-HeFT 2521 patients with NYHA class II or II heart failure and an LVEF
<35% were randomized to OMT, OMT and amiodarone, and OMT and ICD. Both
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these trials showed significantly improved survival in the patient group implanted
with a defibrillator. ICDs are therefore recommended as prophylactic therapy for
patients with symptomatic heart failure if their left ventricular ejection fraction is
<35% [2]. A logical extrapolation would therefore be that in the patient group with
a wide QRS qualifying for CRT, the preferred choice would be a CRT-D.

The Evidence for Implanting a CRT-P vs. a CRT-D

The Evidence for CRT-P Alone

One of the pivotal CRT trials, CARE HF, randomized 813 patients to OMT with
or without CRT. This trial convincingly demonstrated a reduction in total mortal-
ity with CRT compared with optimal medical therapy in eligible patients [16]. In
the extended follow-up dataset, CRT-P was associated with a reduction in sudden
cardiac death closely correlated to LV reverse remodeling [17, 18]. In addition,
the REVERSE study that randomized 610 patients with mild heart failure to active
or inactive CRT therapy demonstrated that significant reverse LV remodeling was
associated with a reduction in ventricular tachycardia (VT). [19]. Furthermore, in
the MADIT-CRT trial where 1820 patients with EF <30% and QRS >130 ms with
mild heart failure were randomized to CRT-D or ICD, reverse remodeling was
also associated with a significant reduction in the risk of subsequent life-
threatening VT [20].

Therefore, the question remains: Does the addition of a defibrillator offer addi-
tional protection to these patients receiving a CRT device? Furthermore, if CRT-D
patients need their device replaced, should they perhaps receive a CRT-P instead?
This is an important question to answer, as the addition of the defibrillator compo-
nent is not without potential adverse procedural complications including the risk of
inappropriate shocks [21, 22]. In the follow-up analysis of the MADIT II trial (ICD
vs. OMT) [15], the investigators found that 11.5% of the 719 patients receiving an
ICD experienced an inappropriate shock [21]. The most common trigger for these
shocks was atrial fibrillation. Noteworthily, these patients had higher mortality rates
than those who did not receive inappropriate shocks (hazard ratio 2.29, p = 0.025).
Another retrospective cohort study compared inappropriate shocks in 85 patients
implanted with a CRT-D with 100 patients implanted with an ICD device with a
follow-up period of 21 + 13 months [23]. In this study 18 patients experienced inap-
propriate shocks. However, there was significantly lower rate of inappropriate shock
in the CRT-D group vs. the ICD group. Again, atrial fibrillation and atrial flutter
were the strongest predictors of inappropriate shocks. The authors therefore suggest
that CRT, by reducing the atrial fibrillation burden in these patients, is responsible
for lower rate of inappropriate shocks compared with the ICD patients.

One might also assume that implanting an ICD lead with its increased size and
rigidity would lead to more periprocedural complications than implanting only the



80 C. Normand and K. Dickstein

right and left ventricular CRT pacing leads. However, the evidence is conflicting. A
2013 Danish cohort study of 5918 patients with cardiac implantable electronic
devices found that implantation of a CRT-D compared with a CRT-P was associated
with a higher risk of complications, primarily due to lead-related re-interventions
(CRT-D 4.7 vs. 2.3% CRT-P, P = 0.001) [22]. Another study looking at 1-year out-
comes of 402 CRT-P and CRT-D implantations found that CRT-D patients had
higher incidences of loss of capture (CRT-D 9.2% vs. 3.5% CRT-P, P = 0.01).
However, in this study there were no significant differences in infections rates,
rehospitalization rates, and mortality rates between the two groups [24]. Furthermore,
the ESC CRT Survey II (11,088 patients) and a recent multicenter European cohort
study (3008 patients) with CRT-P and CRT-D implantations found similar peripro-
cedural complication rates between both CRT-P and CRT-D recipients [4, 25]. The
CRT Survey II also reported similar adverse event rates during hospitalization and
similar length of stay between the two groups [4]. This could reflect increased inter-
national implantation experience or possibly a choice for CRT-P in patients deemed
at higher risk for complications. Although the periprocedural complications were
the same in the European cohort study of 3008 patients, they did find significant
differences between the groups in late complications in this study during a mean
follow-up of 41.4+29 months. The significantly higher rate of complications in the
CRT-D group was particularly evident for device-related infections [25].

In addition, one must remember that in a substantial portion of patients who
receive a CRT-D or ICD, the device never fires [26]. Furthermore, the defibrillator
device has a higher cost than a device with only a pacemaker component and
requires a more intensive follow-up program [27].

Direct Comparisons of CRT- P vs. CRT-D

No adequately powered, randomized clinical trial has compared the effect of CRT-P
vs. CRT-D on long-term clinical outcomes in eligible patients. Only one head-to-
head study of CRT-D vs. CRT-P has ever been published. However, this study
(COMPANION) with 1520 patients was not designed to compare different CRT
devices; rather, it focused on the overall concept of CRT versus optimal medical
therapy. The study had three arms: OMT alone, OMT + CRT-P, or OMT with CRT-
D. It established the benefit of a CRT over medical therapy in eligible patients, but
was underpowered to compare any difference between the two device arms.
Although total mortality was only reduced compared with medical therapy in the
CRT-D arm, the CRT-P and CRT-D curves largely overlapped one another [28].
The majority of comparisons of CRT-P vs. CRT-D have been retrospective cohort
studies, and these have suggested that the benefit for a CRT-D over a CRT-P may be
limited to those patients with ischemic heart failure etiology. A study from a high-
volume single center, comparing the mortality rates of 693 patients implanted with
a CRT-P vs. 429 implanted with a CRT-D, found CRT-D to be associated with a 30%
risk reduction in all-cause mortality compared with a CRT-P. However, such a
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mortality benefit was not observed for patients with nonischemic cardiomyopathy
[27]. Another observational study of 5307 consecutive patients with CRT-P vs.
CRT-D again only found improved survival in the patients with ischemic heart fail-
ure with a CRT-D. In the patients with nonischemic heart failure there was no mor-
tality benefit from a CRT-D vs. a CRT-P [29]. In a UK cohort study of 551 patients
implanted with a CRT-D versus 999 with a CRT-P, CRT-D was associated with
lower mortality, heart failure hospitalizations, and hospitalizations for major acute
coronary events (MACE) after stratifying for heart failure etiology; this lower mor-
tality rate was only evident for the patients with ischemic heart failure etiology [30].

The only recent RCT of defibrillator over standard care, the DANISH study,
randomized 556 patients with heart failure of nonischemic etiology with an LVEF
<35% to either receive an ICD or usual clinical care. Despite the rate of sudden
cardiac death being half in the ICD group (4.3%) compared with the control group
(8.2%), this trial showed no significant difference in overall survival benefit between
the two groups. There was, however, an age interaction suggesting that the benefits
of ICD in patients with nonischemic etiology were limited to the younger patients
(<68 years of age) [31]. In both the ICD and the control group 58% of the patients
received a CRT device, and these results were independent of whether or not the
patients received a CRT. Therefore, this study enabled the direct comparison of 323
CRT-P patients versus 322 CRT-D patients with ischemic heart failure etiology. The
DANISH study suggests that in patients >68 years of age with heart failure due to
nonischemic etiology, the increased mortality rate is not due to sudden cardiac death
but rather to another mode of death for which an ICD does not improve mortality
rates.

This futility of the defibrillator in patients >75 years of age is further supported
by a study examining 775 consecutive patients undergoing CRT implantations [32].
Of the 177 patients that fulfilled the inclusion criteria, 80 were implanted with a
CRT-P and 97 with a CRT-D. After 26+ 19 months, 35% of patients had died with
no significant difference between the two groups, 35% in the CRT-P and 35% in the
CRT-D group (p = 0.994).

In the French CeRtiTuDe registry, 1705 recipients of either a CRT-P or a CRT-D
were followed rigorously for adjudicated causes of death over 2 years [33]. Patients
with CRT-P compared with CRT-D were older (mean age 76 years), were less often
male, had more symptoms of heart failure, and less often had ischemic etiology, and
more patients had atrial fibrillation and other comorbidities. Although in CeRtiTuDe
mortality was double in the CRT-P vs. the CRT-D group, this increased mortality
rate was due to non-sudden cardiac death in the CRT-P group, thereby suggesting
that the patients that are routinely selected for a CRT-P would not benefit from a
CRT-D.

A large single-center study published in 2016 showed results similar to the
CeRtiTuDe registry, namely, that despite being younger and fitter, recipients of
CRT-D systems did not have a clear mortality benefit over those that received CRT-P
systems [34]. In short, CRT reduces but probably does not completely abolish the
risk of sudden cardiac death. The likely mechanism is related to reverse remodeling
following successful resynchronization [20].
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Which Patients Are Getting Which Device Type?

The percentage of CRT-P vs. CRT-D varies greatly in different regions and countries
as shown in Figs. 6.1 and 6.2 [4, 35]. In Europe the percentage of CRT-P devices
ranged from as low as 2% to as high as 88%. The variation could not be explained
simply by the country’s economic status, so clearly other factors are motivating
physicians to make choices between CRT-P and CRT-D. In a cross-sectional study
from the United States, looking at 311,086 CRT implantations, they found that
86.1% were CRT-Ds [36].

In the CRT Survey II, the CRT-P recipients were older, more commonly had
NYHA functional class III-IV symptoms, were more often female, had higher
NT-pro BNP levels, and more frequently had comorbidities and additional conduc-
tion tissue disease. On the other hand, patients implanted with a CRT-D device were
more likely to have ischemic heart failure etiology. A large meta-analysis in patients
with CRT-P vs. CRT-D comprising 44 studies and 18,874 patients found that CRT-P
recipients were older, were more often female, and had higher NYHA class, with
more atrial fibrillation and less ischemic heart disease. This study found an unad-
justed mortality rate that was twofold higher in the patients with CRT-P with SCD
representing a third of the excess mortality [37], thereby suggesting that patients
with higher NYHA class and more comorbidities are being selected for CRT-P over
CRT-D.

Furthermore, an analysis of data from patients >75 years of age evaluated 405
patients with a CRT-D and 107 patients with a CRT- P and found that the increased
mortality of the CRT-P groups was lost when adjusting for the baseline differences
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Fig. 6.1 CRT-P vs. CRT-D in different regions. (Adapted from Bastian D, Ebrahim 10, Chen JY
et al. Real-world geographic variations in the use of cardiac implantable electronic devices-The
PANORAMA 2 observational cohort study. Pacing and clinical electrophysiology: PACE 2018)
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Fig. 6.2 Percentage CRT-P per country in Europe

between the groups. These variables included age (the CRT-P groups were older
(83 years vs. 81 years, P < 0.001)) and more extensive comorbidities (Charlson
index =5 [3-6] vs. 4 [3-5], P =0.007) [38].

How Should We Proceed?

Perhaps providing implanters with a scoring system for patient selection would
assist in appropriate patient selection. A risk score called the Goldenberg risk score
has been proposed to identify patients with a limited survival benefit from a CRT-D,
who may therefore be implanted with a CRT-P rather than a CRT-D. This risk score
includes five clinical risk factors including NYHA class >2, atrial fibrillation, QRS
duration >120 ms, age >70 years, and blood urea nitrogen >26 mg/dl. In a retrospec-
tive observational cohort study of 638 patients, it was found that patients with a low
score of 0-2 had a decreased mortality rate compared with a CRT-P in the first
4 years of follow-up (CRT-D 11.3 vs. CRT-P 24.7%, P = 0.041). Although this
effect attenuated with longer follow-up duration (CRT-D 21.2 vs. CRT-P 32.7%,
P =0.078), no significant benefit of a CRT-D was found in those with a risk score
>3. Such risk scores may prove useful in informing the selection of the most appro-
priate type of CRT device in the individual patient [39].

However, in order to properly resolve the P vs. D question, we would require a
large, randomized controlled trial directly comparing the two types of CRT devices
on long-term clinical outcomes. Such an ambitious trial would necessarily have to
include sufficient numbers of patients to permit evaluation of the outcomes in the
various clinical subgroups. Fortunately, the RESET-CRT trial is underway in
Germany (ClinicalTrials.gov number NCT03494933). In this study, 2030 patients
with both ischemic and nonischemic HF etiology will be randomized to a CRT-P or
CRT-D with the following inclusion criteria: >18 years of age, symptomatic heart
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failure (NYHA class II-1V), LVEF <35%, on OMT, and with a class I or I1a indica-
tion for a CRT device. Patients with a previous VT episode and those with a I or Ila
indication for secondary prevention of sudden cardiac death and VT with an ICD
are excluded. The primary endpoint of this study is all-cause mortality. Hopefully,
the results of such a trial will shed more light on this important and clinically rele-
vant issue.

Conclusion

Faced with many competing causes of death in patients with heart failure and left
ventricular dysfunction, the selection of patients who might benefit from a CRT-D
is challenging. We should estimate clinically whether the patient is expected to sur-
vive at least 1 year with good functional status before implanting a CRT-
D. Furthermore, the likelihood of sudden cardiac death should be evaluated and
outweigh the potential adverse events associated with the device. However, a CRT-P
might also provide adequate protection from the increased mortality risk that these
patients face, and they might not require the defibrillator component. This important
question can only be adequately addressed by a large RCT comparing both devices
in sufficient subgroups of eligible patients with heart failure and left ventricular
systolic dysfunction.
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