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Cardiac resynchronization therapy (CRT) using a biventricular pacing system has been an effective
therapeutic strategy in patients with symptomatic heart failure with a reduced left ventricular ejection
fraction (LVEF) of 35% or less and a QRS duration of 130 ms or more. The etiology of heart failure can be
classified as either ischemic or non-ischemic cardiomyopathy. Ischemic etiology of patients receiving CRT
is prevalent predominantly in North America, moderately in Europe, and less so in Japan. CRT reduces
mortality similarly in both ischemic and non-ischemic cardiomyopathy, whereas reverse structural left
ventricular remodeling occurs more favorably in non-ischemic cardiomyopathy. Because the substrate for
ventricular arrhythmias appears to be more severe in cases of ischemic as compared with non-ischemic
cardiomyopathy, the use of an implantable cardioverter-defibrillator (ICD) backup method could prolong
the long-term survival, especially of patients with ischemic cardiomyopathy, even in the presence of CRT.
The aim of this review article is to summarize the effects of CRT on outcomes and the role of ICD backup
in ischemic and non-ischemic cardiomyopathy.
& 2017 Japanese Heart Rhythm Society. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Cumulative survival from all-cause mortality decreases pro-
portionally with QRS duration in patients with advanced heart
blished by Elsevier B.V. This is an

ar Medicine, Hokkaido Uni-
, Kita-ku, Sapporo 060-8638,

okoshiki).
failure [1]. Prolongation of QRS duration with left bundle-branch
block (LBBB) morphology imposes left ventricle (LV) activation
delay via a transmural functional line of block located between the
LV septum and the lateral wall [2], resulting in ventricular dyssyn-
chrony. Optimization of cardiac performance had been proposed by
use of biventricular pacing in patients with drug-refractory con-
gestive heart failure and an intraventricular conduction delay using
the epicardial [3,4] and subsequently, a transvenous route with
electrodes selectively inserted in the cardiac veins through coronary
open access article under the CC BY-NC-ND license
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sinus over the LV free wall [5]. The MIRACLE (Multicenter InSync
Randomized Clinical Evaluation) study proved the clinical benefits
of atrial-synchronized biventricular pacing in patients with
moderate-to-severe heart failure (New York Heart Association
(NYHA) class III or IV) who had a left ventricular ejection fraction
(LVEF) of 35% or less and a QRS interval of 130 ms or more [6]. This
biventricular pacing system has been called cardiac resynchroni-
zation therapy (CRT), and become an established therapeutic
approach for symptomatic heart failure with prolonged QRS
duration.

With regards to mortality, the Comparison of Medical Therapy,
Pacing and Defibrillation in Heart Failure (COMPANION) study
demonstrated for the first time a better prognosis of patients with
CRT plus a defibrillator (CRT-D) than those using optimal phar-
macologic therapy alone [7]. In the subgroup analyses, hazard
ratios for death from any cause of CRT-D as compared with phar-
macologic therapy were 0.73 (95% confidence interval [CI], 0.52 to
1.04, P ¼ 0.082) and 0.50 (95% CI, 0.29 to 0.88, P ¼ 0.015) in
ischemic and non-ischemic cardiomyopathy, respectively. A test
for the interaction between the treatment effects and the etiology
of cardiomyopathy was not significant [7]. In the Cardiac Resyn-
chronization – Heart Failure (CARE-HF) study, CRT reduced all-
cause mortality similarly in both ischemic and non-ischemic car-
diomyopathy [8,9]. In agreement, the survival benefit with CRT-D
over an implantable cardioverter-defibrillator (ICD) was consistent
in a subgroup analysis of patients with ischemic cardiomyopathy
and in those with non-ischemic cardiomyopathy [10,11]. This
review article aims to summarize the effects of CRT on outcomes
and the importance of ICD backup in ischemic and non-ischemic
cardiomyopathy.
2. Current guidelines and appropriate use criteria for CRT

According to current guidelines in the United State (US) and
Europe, CRT is indicated as class I (i.e., a procedure or treatment
that should be performed where the benefits outweigh the risks)
for patients who have LVEF of 35% or less: LBBB with a QRS
duration of 150 ms [12] (130 ms [13]) or greater; and NYHA class II,
III, or ambulatory IV symptoms on guideline-directed medical
therapy. In addition, CRT may be considered to be appropriate for
patients who have LVEF of 30% or less, LBBB with a QRS duration of
150 ms or greater, and NYHA class I, if the etiology of heart failure
is ischemic [14]. The latter recommendation is based on the lim-
ited data from the Multicenter Automatic Defibrillator Implanta-
tion Trial-Cardiac Resynchronization Therapy (MADIT-CRT) study,
in which patients with ischemic cardiomyopathy and NYHA class I
were enrolled in about 15% of total subjects [11]. In MADIT-CRT,
patients with ischemic or non-ischemic cardiomyopathy, LVEF of
30% or less, and a QRS duration of 130 ms or more, were randomly
assigned to receive CRT plus a defibrillator (CRT-D), or an ICD
alone. CRT-D (compared with ICD) was found to reduce the pri-
mary endpoint, death from any cause or a nonfatal heart-failure
event (hazard ratio in the CRT–D group, 0.66; 95% CI, 0.52 to 0.84;
P ¼ 0.001). In this regard, the MADIT-CRT study demonstrated the
effectiveness of CRT in combination with a defibrillator; that is,
(a) the treatment of heart failure with reverse remodeling by using
CRT, and (b) the primary prevention of sudden cardiac death by
using a defibrillator.
3. Proportion of ischemic and non-ischemic etiology in CRT
recipients in North America, Europe, and Japan

The rate of ischemic heart failure patients was over 50% in most
of the randomized studies of CRT conducted in North America and
Europe [6,7,10,11,15–17], except for 36% in CARE-HF (Cardiac
Resynchronization – Heart Failure) [8] (Table 1). This trend is
consistent with that in a cohort study using the National Impatient
Sample (NIS), which is the publicly-available healthcare database
in the United States (US) [18]. It is interesting to know that the
CARE-HF study enrolled patients at only European centers, and
that the CeRtiTude cohort study [19], which enrolled ischemic
cardiomyopathy less than 50%, was also conducted in Europe. In
contrast, patients with non-ischemic cardiomyopathy were most
common at a rate of about 70% in Japan, on the basis of the Japan
Cardiac Device Treatment Registry (JCDTR) database [20] (Table 1,
Fig. 1).

With regard to medication, patients in the cohort studies were
less likely to receive angiotensin-converting enzyme inhibitors
(ACEI)/ angiotensin receptor blockers (ARB) and/or beta-blockers
compared with those in the contemporary randomized studies.
4. Reverse remodeling with CRT in ischemic and non-ischemic
cardiomyopathy

The rate of responders assessed by the improvement of NYHA
class status in the MIRACLE study was 67% in the CRT group, and
was significantly higher than that (38%) in the control group [6].
More objectively, patients with echocardiographic changes of 25%
(or 15% [21]) reduction in left ventricular end-systolic volume
(LVESV), 15% reduction in left ventricular end-diastolic volume
(LVEDV), 20% reduction in left atrial volume (LAV) and/or 8%
increase in LVEF, a year following CRT, have been considered to
show favorable responses and significant reverse remodeling [22].

Gasparini et al. reported for the first time that patients with
non-ischemic etiology had a greater increase in LVEF and a
decrease in NYHA functional class after CRT than did patients with
ischemic heart disease [23]. Sub-analysis of the prospective ran-
domized studies including MIRACLE (Multicenter InSync Rando-
mized Clinical Evaluation) [24], CARE-HF [9], REVERSE (REsyn-
chronization reVErses Remodeling in Systolic left vEntricular
dysfunction) [25] and MADIT-CRT [22] confirmed the occurrence
of more favorable reverse remodeling in non-ischemic than in
ischemic cardiomyopathy (Table 2).

Goldenberg et al. identified factors associated with reverse
remodeling following CRT using data from MADIT-CRT, and cre-
ated a response score [26] (Table 3). They proposed a combined
assessment of these factors for improved selection of patients for
CRT. A similar analysis was performed for predicting patients with
LVEF normalization (4 50%), which found a total of six relevant
factors: female gender, non-ischemic etiology, LBBB, baseline
LVEF430%, LVESVr170 mL and LAV indexr45 mL/m2 [27].
Therefore, it is an undoubted fact that non-ischemic cardiomyo-
pathy shows a better response with regard to reverse LV structural
remodeling than ischemic cardiomyopathy (Fig. 2).
5. The effects of CRT on morbidity and mortality in ischemic
and non-ischemic cardiomyopathy

On the basis of sub-analysis of the CARE-HF study, CRT
decreased the primary composite endpoint (i.e., all-cause mortal-
ity or hospitalization for a major cardiovascular event) and prin-
cipal secondary endpoint (i.e., all-cause mortality) in both
ischemic and non-ischemic cardiomyopathy [9]. Patients with
ischemic etiology were older, with a higher prevalence of male
gender, and were more likely to be NYHA class IV, indicating the
presence of more advanced heart failure. The authors concluded
(a) the benefits of CRT in patients with or without ischemic heart
disease were similar in relative terms, (b) but as patients with



Table 1
The rate of ischemic etiology and medications in clinical studies of CRT.

Study (published year) (Number of patients) F/U (mo.) Eligible subjects Isch. ACEI /ARB Beta. MRA Outcomes with CRT-P or CRT-D

RCT

MIRACLE (2002) (n¼453) [6] 6 NYHA III, IV 58% 90% 55% Decrease in mortality or HF hospitalization
LVEF≦35% CRT-P vs Control, HR 0.60 (95% CI 0.37–0.96), P¼0.03
QRS≧130 ms

MIRACLE-ICD (2003) (n¼325) [17] 6 NYHA III, IV 76% 89% 58% Decrease in NYHA functional class, P¼0.007
LVEF≦35% Increase in peak oxygen consumption, P¼0.04
QRS≧130 ms

COMPANION (2004) (n¼1520) [7] 15 NYHA III, IV 56% 89% 66% 55% Decrease in mortality
CRT-D vs Control, HR 0.64 (95% CI 0.48–0.86), P¼0.003LVEF≦35%

QRS≧120 ms CRT-P vs Control, HR 0.76 (95% CI 0.58–1.01), P¼0.059

CARE-HF (2005) (n¼813) [8] 29 NYHA III, IV 36% 95% 74% 59% Decrease in mortality
LVEF≦35% CRT-P vs Control, HR 0.64 (95% CI 0.48–0.85)
QRS≧120 ms

REVERSE (2008) (n¼610) [15] 12 NYHA I, II 51% 97% 94% Decrease in HF hospitalization
LVEF≦40% A greater improvement in LVESV
QRS≧120 ms

MADIT-CRT (2009) (n¼1820) [11] 29 NYHA I, II 55% 97% 93% 31% Decrease in mortality or HF
LVEF≦30% CRT-D vs ICD, HR 0.66 (95% CI 0.52–0.84), P¼0.001
QRS≧130 ms

MADIT-CRT (2014) (n¼854) [10] 84 NYHA I, II 53% 97% 94% Decrease (LBBB) and increase (non-LBBB) in mortality
LVEF≦30% CRT-D in LBBB, HR 0.59 (95% CI 0.43–0.80), Po0.001
QRS≧130 ms CRT-D in non-LBBB, HR 1.57 (95% CI 1.03–2.39), P¼0.04

RAFT (2010) (n¼1798) [16] 40 NYHA II, III 65% 97% 89% 42% Decrease in mortality

LVEF≦30% CRT-D vs ICD, HR 0.75 (95% CI 0.62–0.91), P¼0.003
QRS≧120 ms

Observational study

CeRtiTuDe (2015) (n¼1705) [19] 22 47% 66% 75% 41% Decrease in mortality
CRT-D vs CRT-P, HR 0.65 (95% CI 0.45–0.93), P¼0.0209

NIS database (2016) (n¼311085) [18] 66%
JCDTR (2016) (n¼3269) [20] 28% 67% 78% 42%

F/U: follow-up period; mo.: months; Isch: ischemic cardiomyopathy; ACEI/ARB: angiotensin-converting enzyme inhibitor or angiotensin receptor blocker; Beta: beta-
blocker; MRA: mineral corticoid receptor antagonist; CRT-P: CRT pacemaker; CRT-D: CRT with a defibrillator; ICD: implantable cardioverter-defibrillator; RCT: randomized
controlled trial; HF: heart failure; HR: hazard ratio; 95% CI: 95% confidence interval; LVESV: left ventricular end-systolic volume; NIS: National Inpatient Sample; JCDTR:
Japan Cardiac Device Treatment Registry. The JCDTR was established in 2006 by the Japanese Heart Rhythm Society (JHRS) for a survey of actual conditions in patients
undergoing implantation of cardiac implantable electronic devices (ICD/CRT-D/CRT-P) [20,54–56].
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ischemic heart disease had a worse prognosis, the benefit for them
in absolute terms may be greater. However, it is interesting to
know the marginal statistical significance of interaction (P ¼ 0.06)
between ischemic and non-ischemic cardiomyopathy, in terms of
two hazard functions for the primary composite end points
(ischemic: hazard ratio 0.72; 95% CI 0.54–0.95; non-ischemic:
hazard ratio 0.48; 95% CI 0.35–0.65) [9].

Barsheshet et al. sought to identify factors associated with a
reduction in heart failure or death in response to CRT-D as compared
with ICD in the MADIT-CRT study [22]. Such factors in ischemic
cardiomyopathy were (a) QRS duration Z 150 ms, (b) systolic blood
pressure o 115 mmHg and (c) LBBB, whereas in non-ischemic car-
diomyopathy, (a) females, (b) patients with diabetes mellitus and
(c) LBBB showed a favorable clinical response [22] (Table 4).

A meta-analysis using individual patient-data from five rando-
mized trials, with adjustment of the baseline variables including age,
sex, NYHA class, etiology, QRS morphology and duration, LVEF and
systolic blood pressure, concluded that only QRS duration (Z 140ms),
and not the etiology of heart failure, predicted the magnitude of the
effects of CRT on morbidity and mortality [28]. Taken together, CRT
appears to reduce the mortality of both groups similarly.
6. The role of a defibrillator in ischemic and non-ischemic
heart failure patients receiving CRT

Witt et al. reported that CRT-D reduced mortality as compared
with CRT-P (biventricular pacemaker without a defibrillator) in an
observational study that enrolled 917 heart failure patients (427
with non-ischemic, and 490 with ischemic cardiomyopathy) who
had LVEF of 35% or less and a QRS duration of 120 ms or greater
[29]. However, only patients with ischemic etiology, benefited
significantly from a defibrillator. In addition, even in the cases of
responders (who were defined by an improvement of NYHA
functional class at the six-month follow-up visit with CRT), ICD
backup (CRT-D) was a predictor of longer survival in patients with
ischemic cardiomyopathy [29]. A similar retrospective study by
Kutyifa et al. concluded that CRT-D in ischemic cardiomyopathy
was associated with a mortality benefit as compared with CRT-P,
but no benefit of CRT-D over CRT-P in mortality was observed in
non-ischemic cardiomyopathy [30] (Table 5). A meta-analysis of
effects of ICD backup in CRT recipients revealed significant asso-
ciations between male gender or ischemic cardiomyopathy and a
stronger benefit of CRT-D [31].



Fig. 1. Annual distribution of CRT-D implantations in heart failure patients for
primary and secondary prevention of sudden cardiac death between 2006 and
2014 from the Japan Cardiac Device Treatment Registry (JCDTR) database. Dis-
tribution of CRT-D implantations for primary (blue vertical column) and secondary
(orange vertical column) prevention. The gray and yellow lines indicate the pro-
portion of ischemic cardiomyopathy for primary and secondary prevention,
respectively. These results were presented at the 8th Implantable Cardiac Device
Conference of the Japanese Heart Rhythm Society held on February 7, 2016. CRT:
cardiac resynchronization therapy (¼ biventricular pacing); CRT-D: CRT with an
implantable cardioverter-defibrillator.

Table 2
Reverse remodeling with CRT in ischemic and non-ischemic cardiomyopathy.

Study Measured
at (months)

Etiology ⊿LVEDV ⊿LVESV ⊿LVEF

MIRACLE
[24]

12 Ischemic NS NS Increase
Non-ischemic Decreasen Decreasen Increasen

REVERSE
[25]

12 Ischemic Decrease Decrease Increase
Non-ischemic Decrease Decreasen Increase†

CARE-HF
[9]

18 Ischemic Decrease Increase
Non-ischemic Decreasen Increase†

MADIT-CRT
[22]

12 Ischemic Decrease Decrease Increase
Non-ischemic Decrease† Decrease† Increase†

Isch: ischemic cardiomyopathy; Non-isch: non-ischemic cardiomyopathy; LVEDV:
left ventricular end-diastolic volume; LVESV: left ventricular end-systolic volume;
⊿: change from baseline; NS: not significant.
The degree of these changes was greater in non-ischemic vs ischemic cardiomyo-
pathy when the between-group comparison was significant (i.e., n or †).

n P o 0.05 for interaction or between-group (ischemic vs non-ischemic)
comparison.

† P o 0.005 for interaction or between-group (ischemic vs non-ischemic)
comparison.

Table 3
Factors associated with favorable reverse remodeling following CRT.

Regression coefficienta Score

Female 2.92 2
Non-ischemic cardiomyopathy 4.16 2
QRS ≧ 150 ms 2.67 2
LBBB 2
Prior HF hospitalization 1.88 1
Baseline LVEDV ε 125 mL/m2 4.18 2
Baseline LAV o 40 mL/m2 5.57 3

LBBB: left bundle-branch block; HF: heart failure; LVEDV: left ventricular end-
diastolic volume; LAV: left atrial volume.
This table was made based on the data from Goldenberg et al. [26].

a The multivariate regression model was obtained for LVEDV reduction at
1 year following CRT. Regression coefficients for each predictor covariate are given.

Fig. 2. The diagram for magnitude of therapeutic effects of CRT with a defibrillator
on ischemic and non-ischemic cardiomyopathy. Reverse remodeling with CRT
occurs more favorably in non-ischemic cardiomyopathy than in ischemic cardio-
myopathy. The arrhythmogenic substrate is more intractable in ischemic cardio-
myopathy, which can benefit significantly from a defibrillator. CRT: cardiac resyn-
chronization therapy (¼ biventricular pacing).

Table 4
Factors associated with reduction of heart failure or death with CRT-D versus ICD in
each etiology group.

Hazard ratio (95% con-
fidence interval)

P value Interaction

Ischemic cardiomyopathy
QRS ≧ 150 ms 0.53 (0.38 – 0.73) o 0.001 P¼0.04
QRS o 150 ms 0.89 (0.60 – 1.31) 0.55
Systolic blood pressure

o 115 mmHg
0.48 (0.32 – 0.72) o 0.001 P¼0.05

Systolic blood pressure ε
115 mmHg

0.80 (0.58 – 1.11) 0.18

LBBB 0.47 (0.34 – 0.65) o 0.001 P¼0.002
Non-LBBB 1.09 (0.72 – 1.65) 0.68

Non-ischemic cardiomyopathy
Female 0.25 (0.14 – 0.46) o 0.001 P¼0.001
Male 0.90 (0.54 – 1.46) 0.67
Diabetes mellitus (þ) 0.31 (0.16 – 0.61) o 0.001 P¼0.05
Diabetes mellitus (�) 0.67 (0.44 – 1.04) 0.08
LBBB 0.42 (0.28 – 0.62) o 0.001 P¼0.011
Non-LBBB 1.57 (0.61 – 4.04) 0.35

This table was made based on the data from Barsheshet et al. [22].
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In contrast to ischemic etiology [32–34], the efficacy of ICD
implantation for the primary prevention of sudden cardiac death
was conflicting in non-ischemic cardiomyopathy [35–39] (Table 6).
The DANISH trial (Danish Study to Assess the Efficacy of ICDs in
Patients with Non-ischemic Systolic Heart Failure on Mortality)
recently demonstrated that the addition of ICD function fails to
prolong survival in symptomatic heart failure patients with non-
ischemic cardiomyopathy who have LVEF of 35% or less [38]. In this
study, the rate of patients who had CRT was 58%, and the effects of
ICD implantation was independent of CRT status (P ¼ 0.73 for the
interaction). Therefore, it appears that the arrhythmogenic sub-
strate itself is more severe in cases of ischemic cardiomyopathy,
compared with that of non-ischemic cardiomyopathy.
7. Promising strategies for better response to CRT in ischemic
cardiomyopathy

Bleeker et al. reported that presence of transmural scar tissue
in the posterolateral LV segments (where a LV lead was implanted
most frequently [40]) often resulted in clinical and echocardio-
graphic nonresponse to CRT in ischemic cardiomyopathy [41].
Moreover, using two-dimensional speckle tracking imaging, LV
lead position at the myocardial scar or discordant area (which is
outside the latest activated segment) were independent



Table 5
Studies and Ischemic Etiology Comparing Outcomes with CRT-D Versus CRT-P.

Study (year) F/U (mo.) Number of patients Isch. Male Age (years). NYHA Mortality with CRT-D vs CRT-Pa

RCT
COMPANION (2004) (n ¼ 1520) [7] 15 CRT-D 595 55% 67% 66 III 86% CRT-D vs Ctrl, HR 0.64 (95% CI 0.48-0.86), P¼0.003

CRT-P 617 54% 67% 67 III 87%
Ctrl 308 59% 69% 68 III 82% CRT-P vs Ctrl, HR 0.76 (95% CI 0.58-1.01), P¼0.059

REVERSE (2013) (n ¼ 419) [57] 60 CRT-D 345 59%b 79% 63 II 82% Decrease in mortality
CRT-P 74 46% 72% 64 II 81% HR 0.35 (95% CI 0.17-0.69), P¼0.003

MASCOT (2013) (n ¼ 402) [58] 12 CRT-D 228 60%b 86%b 68 III 87% Lack of decrease in mortality
CRT-P 174 38% 70% 68 III 83%

Observational study
Contak IR (2013) (n ¼ 374) [59] 55 CRT-D 266 62%b 85%b 67b III 61% Decrease in mortality

CRT-P 108 41% 68% 74 III 64% HR 0.51 (95% CI 0.32-0.83), P¼0.007
Kutyifa et al (2014) (n ¼ 1122) [30] 28 CRT-D 429 51%b 84%b 64b Decrease in mortality of Isch

HR 0.98 (95% CI 0.73-1.32), P¼0.884
Isch HR 0.70 (95% CI 0.50-0.97), P¼0.032

CRT-P 693 34% 71% 66

Non-isch HR 0.98 (95% CI 0.73-1.32), P¼0.894
Looi et al (2014) (n ¼ 500) [60] 29 CRT-D 146 66%b 91%b 67b III/IV 88%b Lack of decrease in mortality

CRT-P 354 48% 73% 70 III/IV 94% HR 0.76 (95% CI 0.48-1.12), P¼0.23
CeRtiTuDe (2015) (n ¼ 1705) [19] 22 CRT-D 1170 49%b 81%b 66b III 76% Decrease in mortality

CRT-P 535 41% 70% 76 III 76% HR 0.65 (95% CI 0.45-0.93), P¼0.0209
Reitan et al (2015) (n ¼ 705) [61] 59 CRT-D 257 52%b 84% 65b III 59%b Lack of decrease in mortality

CRT-P 448 60% 83% 72 III 77% HR 0.63 (95% CI 0.38-1.09), P¼0.103
Witt et al (2016) (n ¼ 917) [29] 48 CRT-D 428 71%b 86%b 67b III 63%b Decrease in mortality

HR 0.76 (95% CI 0.60-0.97), P¼0.03CRT-P 489 38% 75% 69 III 76%
Isch HR 0.74 (95% CI 0.56-0.97), P¼0.03
Non-isch HR 0.96 (95% CI 0.60-1.51), P¼0.85

Barra et al (2016) (n ¼ 638) [62] 49 CRT-D 224 61%b 88%b 66b III/IV 86%b Decrease in mortality of GS 0-2
GS 0-2 HR 0.34 (95% CI 0.18-0.64), P¼0.001

CRT-P 414 48% 73% 70 III/IV 95% GS 3-5 Lack of decrease in mortality
Munir (2016) (n ¼ 512) [63] 41 CRT-D 405 57%b 73% 81b Lack of decrease in mortality

CRT-P 107 30% 64% 83 HR 0.85 (95% CI 0.56-1.28), P¼0.435
Patients with age ≧75 years were eligible.

F/U: follow-up period; mo.: months; Isch: ischemic cardiomyopathy; CRT-P: CRT pacemaker; CRT-D: CRT with a defibrillator; Ctrl: control (without CRT devices); RCT:
randomized controlled trial; HR: hazard ratio; 95% CI: 95% confidence interval; MOSCOT: Management of Atrial fibrillation Suppression in AF-HF Comorbidity Therapy;
Contak IR: Contak Italian Registry; Isch: ischemic cardiomyopathy; Non-isch: non-ischemic cardiomyopathy; GS: Goldenberg risk score. The Goldenberg risk score model
comprised five clinical factors including (i) NYHA class 4 II, (ii) AF, (iii) QRS duration 4 120 ms, (iv) age 4 70 years and (v) blood urea nitrogen (BUN) 4 26 mg/dL [64].

a In COMPANION [7], the effect of CRT-D versus CRT-P on mortality was not compared. In other studies, hazard ratios of CRT-D versus CRT-P are given in this table.
b P o 0.05 vs CRT-P

Table 6
Randomized controlled trials for primary prevention of sudden cardiac death by ICD in non-ischemic cardiomyopathy.

n NYHA class LVEF Death from any cause (ICD vs Control) Other

CAT [35] 104 II, III r30% Lack of decrease in mortality
AMIOVIRT [39] 103 I, II, III r35% Lack of decrease in mortality ICD vs amiodarone

DEFINITE [37] 458 I, II, III r35% HR 0.65; 95% CI 0.40–1.06; P ¼ 0.08 No mortality benefit in NYHA II
HR 0.37; 95% CI 0.15–0.90; P ¼ 0.02 (NYHA III)

SCD-HeFT [36]a 2521 II, III r35% HR 0.77; 95% CI 0.62–0.96; P ¼ 0.007 No mortality benefit in NYHA III
HR 0.73; 95% CI 0.50–1.07; P ¼ 0.06 (Non-ischemic)

DANISH [38] 1116 II, III, IV r35% Lack of decrease in mortality CRT 58%

n: number of patients; CAT: Cardiomyopathy Trial; AMIOVIRT: Amiodarone Versus Implantable Cardioverter-Defibrillator; DEFINITE: Defibrillators in Non-Ischemic Cardi-
omyopathy Treatment Evaluation; SCD-HeFT: Sudden Cardiac Death in Heart Failure Trial; DANISH: Danish Study to Assess the Efficacy of ICDs in Patients with Non-ischemic
Systolic Heart Failure on Mortality; HR: hazard ratio; 95% CI: 95% confidence interval.

a Except for SCD-HeFT, the etiology of cardiomyopathy in eligible subjects was non-ischemic in CAT, AMIOVIRT, DEFINITE, and DANISH. Proportion of non-ischemic
etiology was 48% in SCD-HeFT.
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determinants of worse prognosis during the long-term follow-up
in ischemic heart failure patients treated with CRT [42].

A strategy to implant a LV lead to the latest activated segment
was effective in reducing the primary composite endpoint of
mortality and heart failure hospitalization in the TARGET (Targeted
Left Ventricular Lead Placement to Guide Cardiac Resynchroniza-
tion Therapy) [43] and STARTER (Speckle Tracking Assisted
Resynchronization Therapy for Electrode Region) [44] studies. A
sub-analysis of STARTER reported that echocardiography-guided
LV lead placement improved CRT-D therapy (shock or anti-
tachycardia pacing)-free survival more favorably in patients with
ischemic cardiomyopathy to a level comparable to that of non-
ischemic etiology [45]. As such, further clinical studies are
required to determine whether the echocardiography-guided LV
lead implantation reduces the incidence of sustained ventricular
arrhythmias in patients with ischemic cardiomyopathy.

Optimization of atrioventricular, as well as interventricular,
delay shortens isovolumic contraction time, thereby increasing the
effective diastolic filling time and the stroke volume [46]. Marsan
et al. reported that the optimization of sequential biventricular
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pacing via adjustment of the V-V interval further increased LV
systolic performance, particularly in ischemic cardiomyopathy
[47]. They also found that the degree of pre-stimulation of the LV
was positively correlated with an amount of scar volume with
regard to its optimization.

An LV lead that is designed with four electrodes is capable of
delivering two LV pulses per pacing cycle when it is connected to a
CRT device with the ability to deliver multipoint pacing (MPP)
[48–50]. Clinical data is accumulating regarding the long-term
effects of MPP, mainly in Europe. The responder rate has been
reported to be higher (76% [49], 90% [50]) in patients with MPP
than those (about 60% [49,50]) with conventional CRT. Although
MPP did not further improve acute hemodynamic response in
patients who responded favorably to conventional biventricular
pacing [51,52], non-responders with non-LBBB appeared most
likely to derive benefit from use of MPP [51]. In addition, a heart
model in silico predicted that MPP offered an improved response
over conventional CRT in cases in which a larger scar was present
in the posterolateral region [53]. Consistently, in patients with
ischemic cardiomyopathy in whom the LV lead was deployed over
an LV free wall scar, MPP proved to be the most optimal, as
compared with single-site LV pacing methods, in terms of acute
hemodynamic response [52]. We anticipate that MPP is superior to
conventional CRT, especially in patients with ischemic cardio-
myopathy and a large scar in the LV free wall.
8. Conclusions

The effects of CRT on mortality are not heterogeneous among
patients with ischemic and non-ischemic cardiomyopathy. In
contrast, it appears that CRT offers a more favorable response with
regard to reverse LV remodeling in cases of non-ischemic cardio-
myopathy. Furthermore, the substrate for ventricular arrhythmias
in ischemic cardiomyopathy appears to be more severe compared
with non-ischemic etiology, thereby playing an essential role of
ICD backup, especially in cases of ischemic cardiomyopathy. Both
the implantation of an LV lead to the latest activated segment and
MPP via a quadripolar LV lead are promising concepts for an
improved response to CRT in ischemic cardiomyopathy.
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