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Should Nonischemic CRT Candidates ®
Receive CRT-P or CRT-D?*

Wayne C. Levy, MD

ardiac resynchronization therapy (CRT) in

patients with heart failure (HF) with reduced

ejection fraction (HFREF) with prolonged
QRS intervals has resulted in marked durable benefit
(1,2). Improvements in ejection fraction (EF) are asso-
ciated with a reduction in mortality and appropriate
shocks, and occur more often with CRT (3). The
debate has been whether patients who meet criteria
for CRT also need an implantable cardioverter-
defibrillator (ICD) or if a CRT pacemaker (CRT-P) is
adequate therapy. This debate has been heightened
by the DANISH (Danish Study to Assess the Efficacy
of ICDs in Patients with Non-ischemic Systolic Heart
Failure on Mortality) trial in nonischemic cardiomy-
opathy (NICM), in which a CRT defibrillator (CRT-D)
was not superior to CRT-P (hazard ratio [HR]: 0.91;
p = 0.59) (4). In this issue of the Journal, Barra et al.
(5) compared CRT-Ds versus CRT-Ps in a large registry
of 5,307 patients in Sweden, the United Kingdom,
and France to try to ascertain if the benefit varied in
patients with ischemic cardiomyopathy (ICM) and
NICM (5). They found no additional benefit with the
addition of an ICD in NICM patients, whereas
ischemic patients did have benefit.

SEE PAGE 1669

The MIRACLE (Multicenter InSync Randomized
Clinical Evaluation) trial with CRT-Ps showed
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improvement in EF, quality of life, New York Heart
Association (NYHA) functional class, treadmill time,
and 6-min walking distance (1). The COMPANION
(Comparison of Medical Therapy, Pacing, and Defi-
brillation in Heart Failure) trial randomized patients
to CRT-Ps, CRT-Ds, and guideline-determined medi-
cal therapy (GDMT). CRT-Ps reduced mortality 24%
(p = 0.059) and predominantly reduced HF deaths,
whereas CRT-Ds reduced mortality 36% (p = 0.003),
and reduced both HF and sudden cardiac death (SCD)
(6,7). The comparison of CRT-Ds versus CRT-Ps in
COMPANION had an ~14% all-cause mortality benefit
(p = NS). Subsequently, the CARE HF (Cardiac
Resynchronization—Heart Failure) trial, with CRT-Ps
versus GDMT, reduced all-cause (36%) and HF mor-
tality (~41%), and was one of the few CRT trials to
reduce SCD (~24%) (2).

Each GDMT reduces all-cause mortality by ~15% to
35% (Figure 1A). However, the impact of GDMT and
device therapy on the mode of death varies. Drug
therapy and CRT-Ds reduce both HF and sudden
death. CRT-Ps reduce both HF death and other deaths
(~25%), whereas ICDs reduce only sudden death
(Figure 1B). The combination of GDMT with a HF de-
vice (CRT-P, ICD, or CRT-D) in appropriate patients
can reduce mortality by ~60% to 80% (8).

Barra et al. (5) asked if an ICD is necessary for
NICM patients who are candidates for CRT-Ps. The
investigators found, in unadjusted Kaplan-Meier
analyses, that CRT-Ds were superior to CRT-Ps for
both ischemic and nonischemic patients (unad-
justed HR: ~0.67 for ICM and ~0.63 for NICM).
However, after propensity adjustment, the benefit
of CRT-Ds versus CRT-Ps remained for ischemic
patients (HR: 0.76; p = 0.005), but not for NICM
patients (HR: 0.92; 95% confidence interval [CI]:
0.72 to 1.19; p = 0.49).

Should this study change how we approach our
patients who are candidates for CRT? The number of
propensity-matched NICM patients was relatively
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FIGURE 1 Benefit of GDMT and Devices
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The benefit of guideline-determined medical therapy (GDMT) and devices on (A) all-cause mortality and (B) on heart failure and sudden death (2,7-10). The
PARADIGM-HF trial was versus angiotensin-converting enzyme inhibitor (ACEI). The observed ARNI benefits were adjusted for ACEI benefit to provide an estimate of
angiotensin receptor-neprilysin inhibitor (ARNI) versus placebo (9,10). ARB = angiotensin receptor blocker; BB = beta-blocker; CRT-D = cardiac resynchronization
therapy defibrillator; CRT-P = cardiac resynchronization therapy pacemaker; ICD = implantable-cardioverter defibrillator; MRA = mineralcorticoid receptor antagonist.

low (n = 988), and the study had fewer patients than
in the SCD-HeFT (Sudden Cardiac Death in Heart
Failure Trial), COMPANION, and MADIT II (Multi-
center Automatic Defibrillator Implantation Trial II)
trials. Thus, the power to detect an ICD benefit was
low, and the CIs were wide. The investigators did not
formally test if the HRs for ICM and NICM were sta-
tistically different. Most importantly, these results
contradict the COMPANION trial, in which the NICM
CRT-D subgroup was the only one with a mortality
benefit (HR: 0.50; p = 0.015). Patients with NICM who
received CRT-Ds had greater benefit versus those
who received CRT-Ps (HR: 0.50 and 0.91, respec-
tively), whereas the patients with ICM had no addi-
tional benefit from ICDs (HR: 0.73 vs. 0.72). The
estimated CRT-D versus CRT-P benefit in the COM-
PANION trial for NICM was ~0.55 (HR: 0.50 and 0.91,
respectively) versus ~1.01 (HR: 0.73 and 0.72,
respectively) in the ischemic subgroup. The COM-
PANION trial, which randomized CRT-D versus CRT-
P, found greater benefit in NICM than in ICM (6),
which was the opposite of the findings in the registry
in study by Barra et al. (5). A recent meta-analysis of
CRT-Ds versus CRT-Ps found the ICD benefit for
ischemic etiology was greater (HR: 0.70) than that for
the NICM etiology (HR: 0.79) (11).

Initial research evaluated CRT-P with a QRS width
of any cause of >120 to 130 ms. Subsequent evalua-
tion using a patient-level network meta-analysis in

12,638 patients identified markers of patients who
gained the greatest mortality benefit from a CRT de-
vice, including left bundle branch block, QRS
interval =150 ms, women, and age older than 60 years
(12). Conversely, ICDs were more effective in men
aged younger than 60 years. Ischemic etiology was
not a predictor (p > 0.20).

Why are there marked differences in who benefits
from an ICD and CRT? These may be due to the pro-
portion of sudden death; the ICD has a greater benefit
when the proportion of sudden death is high (>50%),
and CRT has greater benefit when the proportion of
sudden death is low (<50%). If large HF trials are
examined, ~40% of all deaths are sudden, and ~50%
to 60% of these may be preventable with the addition
of an ICD. However, in CRT-P trials, sudden death is
only 23% to 32% in the control subjects, and it was
only 35% of all deaths in the DANISH (58% CRT-P)
trial (Figure 2). This lower proportion of sudden
death diminishes the ICD benefit, because the resid-
ual sudden death rate approaches the ~20% residual
proportion of sudden death seen in patients with
CRT-Ds and ICDs (4,7,13).

We have shown that clinical variables can predict
the proportion of sudden versus nonsudden death
with the Seattle Proportional Risk Model (14). Pa-
tients of younger age, male sex, with NYHA func-
tional class I or II, lower EF, no diabetes mellitus,
digoxin use, higher body mass index, normal serum
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sodium/creatinine, and systolic blood pressure
closer to 140 mm Hg have a higher proportion of
sudden death (14). Ischemic etiology did not enter
the multivariate model, but post hoc testing sug-
gested that the predicted proportion of sudden
death would increase by ~3% for ICM versus NICM
(i.e., 47% to 50%). Observational ICD trials, in which
patients whose primary mode of death was sudden
(>50% of all deaths), derived a much greater benefit
from an ICD than those with <50% sudden death
(15). We suspect the opposite is true with CRT-Ps. In
Table 1 in the paper by Barra et al., the NICM pa-
tients who received CRT-Ps versus CRT-Ds were 9
years older, 28% more were women, and 8% more
had QRS intervals =150 ms; these groups had a
greater benefit from CRT-Ps, and conversely, less
benefit from the addition of an ICD. There was less
chronic kidney disease (CKD) in the CRT-P group.
These differences between the CRT-P and CRT-D
groups were similar in both the ICM and NICM co-
horts. Because of the lack of ICD benefit for patients
older than 68 years of age in the DANISH trial, and
diminished benefit with advancing age for ICDs (16),
it should not be surprising that a largely older pa-
tient population with CRT-Ps that had a low rate of
sudden death (0.4%/year) did not benefit from the
addition of an ICD (17). However, these results
should not be applied to the larger group of
younger patients who received CRT-Ds in clinical
trials and in this registry (2,6).

ICDs (CRT-Ds vs. CRT-Ps) provide the greatest
benefit in patients with the following:

e High proportion of sudden death (>35%) (15,18);

e Sudden death rate =1.2%/year (=6% over 5 years)
(17); and

e Annual mortality of =25% (3-year mean survival)
(7,18-20).

Patients who do not meet these criteria will not
derive a meaningful benefit from an ICD.

This observational cohort does raise the issue of
whether patients who are identified to have less ICD
benefit should receive a CRT-P versus a CRT-D.
Certainly, discussions of goals of care for patients
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FIGURE 2 Annual Sudden Death Mortality Versus All-Cause Mortality for
Large HF Trials
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HF = heart failure. Adapted from Carson et al. (7) and Desai et al. (10).

Sudden death is ~40% of the total mortality and increases directly proportional to the
total mortality. In cardiac resynchronization therapy (CRT)-eligible patients who did not
receive CRT, the proportion of sudden death was much lower, in the 25% range (2,7).

with advanced age or comorbidities are very impor-
tant (21). Should patients with a CRT-D device, who
have never had an ICD shock, a higher EF, older age,
CKD, diabetes, cerebrovascular accident, peripheral
vascular disease, chronic obstructive pulmonary dis-
ease, or cancer, have the device replaced with CRT-P?
In younger patients with HFREF who are not in NYHA
functional class IV (20), I would continue to place a
CRT-D. Further research is needed before changes
can be made in guidelines and clinical practice.

ADDRESS FOR CORRESPONDENCE: Dr. Wayne C.
Levy, Division of Cardiology, University of Washing-
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REFERENCES

1. Abraham WT, Fisher WG, Smith AL, etal., MIRACLE
Study Group. Cardiac resynchronization in chronic
heart failure. N Engl J Med 2002;346:1845-53.

2. Cleland JGF, Daubert JC, Erdmann E, et al.,
Cardiac Resynchronization—Heart Failure (CARE-
HF) Study Investigators. The effect of cardiac
resynchronization on morbidity and mortality in
heart failure. N Engl J Med 2005;352:1539-49.

3. Zhang Y, Guallar E, Blasco-Colmenares E, et al.
Changes in follow-up left ventricular ejection
fraction associated with outcomes in primary
prevention implantable cardioverter-defibrillator
and cardiac resynchronization therapy device re-
cipients. J Am Coll Cardiol 2015;66:524-31.

4. Kgber L, Thune JJ, Nielsen JC, et al., DANISH
Investigators. Defibrillator implantation in patients

with nonischemic systolic heart failure. N Engl J
Med 2016;375:1221-30.

5. Barra S, Boveda S, Providéncia R, et al.,
on behalf of the French-UK-Sweden CRT
Network. Adding defibrillation therapy to car-
diac resynchronization on the basis of the
myocardial substrate. J Am Coll Cardiol 2017;
69:1669-78.


mailto:levywc@uw.edu
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref1
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref1
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref1
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref2
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref2
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref2
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref2
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref2
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref3
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref3
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref3
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref3
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref3
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref3
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref4
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref4
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref4
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref4
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref5
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref5
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref5
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref5
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref5
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref5

1682

Levy

Nonischemics CRT-P Versus CRT-D

6. Bristow MR, Saxon LA, Boehmer J, et al,
Comparison of Medical Therapy, Pacing, and
Defibrillation in Heart Failure (COMPANION) In-
vestigators.  Cardiac-resynchronization therapy
with or without an implantable defibrillator in
advanced chronic heart failure. N Engl J Med
2004;350:2140-50.

7. Carson P, Anand I, O'Connor C, et al. Mode of
death in advanced heart failure: the Comparison of
Medical, Pacing, and Defibrillation Therapies in
Heart Failure (COMPANION) trial. J Am Coll Car-
diol 2005;46:2329-34.

8. Levy WC, Mozaffarian D, Linker DT, et al. The
Seattle Heart Failure Model: prediction of survival
in heart failure. Circulation 2006;113:1424-33.

9. McMurray JJV, Packer M, Desai AS, et al.,
PARADIGM-HF Investigators and Committees.
Angiotensin-neprilysin inhibition versus enalapril
in heart failure. N Engl J Med 2014;371:993-1004.

10. Desai AS, McMurray JJV, Packer M, et al. Effect
of the angiotensin-receptor-neprilysin inhibitor
LCZ696 compared with enalapril on mode of death in
heart failure patients. Eur Heart J 2015;36:1990-7.

11. Barra S, Providéncia R, Tang A, et al. Impor-
tance of implantable cardioverter-defibrillator
back-up in cardiac resynchronization therapy re-
cipients: a systematic review and meta-analysis.
J Am Heart Assoc 2015;4:e002539.

12. Woods B, Hawkins N, Mealing S, et al. Indi-
vidual patient data network meta-analysis of
mortality effects of implantable cardiac devices.
Heart 2015;101:1800-6.

13. Packer DL, Prutkin JM, Hellkamp AS, et al.
Impact of implantable cardioverter-defibrillator,
amiodarone, and placebo on the mode of death
in stable patients with heart failure: analysis from
the Sudden Cardiac Death in Heart Failure Trial.
Circulation 2009;120:2170-6.

14. Shadman R, Poole JE, Dardas TF, et al. A novel
method to predict the proportional risk of sudden
cardiac death in heart failure: derivation of the
Seattle Proportional Risk Model. Heart Rhythm
2015;12:2069-77.

15. Levy WC, Li Y, Reed SD, et al., HF-ACTION
Investigators. Does the implantable cardioverter-
defibrillator benefit vary with the estimated pro-
portional risk of sudden death in heart failure
patients? J Am Coll Cardiol EP 2017;3:291-8.

16. Hess PL, Al-Khatib SM, Han JY, et al. Survival
benefit of the primary prevention implantable
cardioverter-defibrillator among older patients:
does age matter? An analysis of pooled data from
5 clinical trials. Circ Cardiovasc Qual Outcomes
2015;8:179-86.

17. Authors/Task Force Members, Elliott PM,
Anastasakis A, Borger MA, et al. 2014 ESC

JACC VOL. 69, NO. 13, 2017
APRIL 4, 2017:1679-82

Guidelines on diagnosis and management of hy-
pertrophic cardiomyopathy: the Task Force for the
Diagnosis and Management of Hypertrophic Car-
diomyopathy of the European Society of Cardiol-
ogy (ESC). Eur Heart J 2014;35:2733-79.

18. Goldenberg |, Vyas AK, Hall WJ, et al. Risk
stratification for primary implantation of a
cardioverter-defibrillator in patients with ischemic
left ventricular dysfunction. J Am Coll Cardiol
2008;51:288-96.

19. Levy WC, Lee KL, Hellkamp AS, et al. Maxi-
mizing survival benefit with primary prevention
implantable cardioverter-defibrillator therapy in a
heart failure population. Circulation 2009;120:
835-42.

20. Lindenfeld J, Feldman AM, Saxon L, et al. Ef-
fects of cardiac resynchronization therapy with or
without a defibrillator on survival and hospitali-
zations in patients with New York Heart Associa-
tion class IV heart failure. Circulation 2007;115:
204-12.

21.Barra S, Providéncia R, Paiva L, et al
Implantable cardioverter-defibrillators in the
elderly: rationale and specific age-related consid-
erations. Europace 2015;17:174-86.

KEY WORDS cardiomyopathies, heart failure,
implantable defibrillators, sudden cardiac death


http://refhub.elsevier.com/S0735-1097(17)30487-4/sref6
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref6
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref6
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref6
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref6
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref6
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref6
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref7
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref7
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref7
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref7
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref7
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref8
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref8
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref8
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref9
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref9
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref9
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref9
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref10
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref10
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref10
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref10
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref11
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref11
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref11
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref11
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref11
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref12
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref12
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref12
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref12
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref13
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref13
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref13
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref13
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref13
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref13
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref14
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref14
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref14
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref14
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref14
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref15
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref15
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref15
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref15
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref15
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref16
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref16
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref16
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref16
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref16
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref16
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref17
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref17
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref17
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref17
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref17
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref17
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref17
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref18
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref18
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref18
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref18
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref18
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref19
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref19
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref19
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref19
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref19
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref21
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref21
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref21
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref21
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref21
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref21
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref20
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref20
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref20
http://refhub.elsevier.com/S0735-1097(17)30487-4/sref20

	Should Nonischemic CRT Candidates Receive CRT-P or CRT-D?∗
	References


