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Introduction 

Non-ischemic cardiomyopathy (NICM) is broadly defined 
as any cardiomyopathy in which there is no evidence of 
obstructive coronary artery disease that could explain 
the degree of left ventricular dysfunction. Although it is 
challenging to determine the exact prevalence of NICM, 
prior reports suggest that it is about 36 in 100,000 (1). 

Sudden cardiac death (SCD) is a significant cause of 
death in the heart failure with reduced ejection fraction 
population, as demonstrated by the Framingham Heart 
study where the presence of heart failure led to a fivefold 
increase in the risk of SCD (2). 

Five randomized clinical trials (RCTs) evaluating the 
role of implantable cardioverter defibrillator (ICD) therapy 
on survival of NICM patients have been published over 
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the past 2 decades (3-7). Of these, three studies enrolled 
NICM patients exclusively (3,5,6), while the other two 
studies included both patients with ICM and NICM (4,7). 
The Sudden Cardiac Death in Heart Failure Trial (SCD-
HeFT) demonstrated benefit from ICD therapy in reducing 
all-cause mortality in the overall cohort of patients and 
a trend in the same direction when the NICM patients 
were examined separately (7). The Comparison of Medical 
Therapy, Pacing, and Defibrillation in Heart Failure 
(COMPANION) trial demonstrated that ICD therapy 
when combined with cardiac resynchronization therapy 
(CRT) also reduces the risk of death (4). Based primarily 
on the results of the SCD-HeFT trial, the American 
College of Cardiology/American Heart Association (ACC/
AHA) guidelines (class IA) and the European Society 
of Cardiology (ESC) guidelines (class IB) recommend 
ICD therapy in symptomatic NICM patients with a left 
ventricular ejection fraction (LVEF) ≤35% (8,9). More 
recently, the Danish Study to Assess the Efficacy of ICDs 
in Patients with Non-ischemic Systolic Heart Failure on 
Mortality (DANISH) trial (5) demonstrated that, compared 
to medical therapy alone or with CRT pacing, ICDs did 
not reduce all-cause mortality but reduced SCD (5). The 
DANISH trial shed some doubt again on the value of ICD 
therapy in reducing mortality in NICM patients. 

Given these mixed results and the concern that each 
RCT alone was underpowered, we performed a systematic 
review and a meta-analysis of the role of ICDs in the 
primary prevention of all-cause mortality, SCD, and cardiac 
death in patients with NICM. 

Methods

We performed a meta-analysis of all the RCTs that assessed 
the role of ICDs in primary prevention of death in patients 
with NICM, following PRISMA (Preferred Reporting Items 
for Systematic reviews and Meta-Analyses) guidelines (10).  
We searched three databases, including PubMed, EMBASE, 
and Cochrane, for relevant studies from Jan 1980 to 
Aug 2016. This search was carried independently by two 
investigators (A.M and M.H). We included the following 
key terms: NICM and ICDs, NICM and SCD, NICM and 
CRT, and NICM and primary prevention. Also, for each of 
these search terms, NICM was substituted for idiopathic 
dilated cardiomyopathy. The search was limited to RCTs 
and English language only. Full texts and references of 
potential studies were reviewed. 

RCTs that compared ICDs versus standard medical 

therapy for the prevention of SCD in NICM patients were 
included. We included trials that evaluated only NICM 
patients and trials that had mixed NICM and ICM patients 
if mortality was specifically reported in the NICM group. 
For the purpose of this analysis, only outcome results of 
NICM patients were considered.

Studies that were observational, involving only ICM 
patients, having Amiodarone as the comparator group or 
those published in non-English language were excluded. 
Qualities of each individual trial were assessed based on 
description of the randomization process, the follow up 
process, description of drop-outs or withdrawals, and 
description of crossovers. Given that the ICD arm is a 
procedural arm, we did not assess RCTs for blinding. 

Relevant data were collected independently by two 
investigators (A.M and M.H). This included the number 
of participants randomized, duration of follow up, age, 
comorbidities, New York Heart Association (NYHA) class, 
mean LVEF, medications at baseline and during follow-up, 
concurrent use of other devices including CRT pacemakers, 
rates of all-cause death, and SCD, cardiac death. The 
primary outcome of interest was all-cause mortality in 
patients who received ICDs vs. who were on medical 
therapy. Secondary outcomes included SCD, cardiac death, 
and death secondary to cardiac causes after excluding SCD. 

Statistical analysis

Continuous variables are expressed as mean. Categorical 
data are expressed as percentage. Using summary statistics, 
we report Mantel-Haenszel (MH) risk ratio (RR) using 
DerSimonian and Laird’s random-effect models (11).  
Statistical significance was set at a P value <0.05 
(2-tailed). Inter-study heterogeneity was assessed with the 
inconsistency index (I2) statistic (range 0% to 100%, we 
used I2 >60% as a cutoff for significant heterogeneity) and 
Q-statistic derived from chi-square test (P value cut-off <0.1 
for heterogeneity) (12). These measures of heterogeneity 
are reported on the Forest plot of each analysis. Given the 
lack of patient level data, we used summary statistics for 
each trial when available by using the reported Hazard 
Ratios as time-to-event. Individual studies risk estimates 
were combined using the inverse variance weighted averages 
of logarithmic RRs in the random-effects model. Potential 
publication bias was evaluated by Begg’s funnel plot (13).

In  order  to  de tec t  and  ana lyze  any  potent i a l 
heterogeneity, sensitivity analyses were performed through 
removing one study at a time and assessing its effect on 
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the outcome in each individual analysis done. To further 
understand the effect of varying degrees of follow up on 
the primary outcome, we performed a sensitivity analysis 
by dividing the studies into two groups; those with a short 
period of follow up (≤3 years; CAT, DEFINITE, and 
COMPANION) or longer follow up (>3 years; DANISH 
and SCD-HeFT). All analyses performed using Review 
Manager Version 5.3 (The Cochrane Collaboration, 
Oxford, England). 

Results

Study selection 

The initial search yielded 219 studies. After screening,  
15 studies were selected based on study title, and their full 
texts were reviewed. Ten studies were excluded (6 were 
done in ICM, 3 secondary prevention trials in NICM, 
and 1 trial used Amiodarone as the comparator group). 
Five RCTs were included in the final analysis (Figure S1, 
online supplement). Heterogeneity analyses showed that 

although these 5 RCTs had differences in their study design 
and specific inclusion criteria, all of them reported similar 
outcome points for NICM patients and were homogeneous 
enough to be incorporated in the meta-analysis. Specific 
heterogeneity measures are reflected in the respective 
Forest plots (Figures 1,2). 

Qualitative analysis of the included RCTs 

The 5 RCTs enrolled a total of 2,867 patients with NICM 
who were randomized to ICD ± CRT (n=1,503) or medical 
therapy ± CRT (n=1,364). The individual characteristics 
of each RCT are summarized in Table S1. The outcomes 
reported in each individual RCT are summarized in Table 1.  
For the SCD-HeFT and COMPANION trials, the 
outcome of all-cause mortality included in this meta-
analysis was reported specifically for NICM patients in the 
original publication. However, the individual characteristics 
of both trials summarized in Table S1 are reflective of the 
overall population of both ICM and NICM. Also, the SCD-
HeFT trial, we only report on the outcome of patients 

Figure 1 Forest plots comparing internal cardioverter defibrillator versus medical therapy. (A) all-cause mortality (B) sudden cardiac death. 

A

B
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implanted with an ICD as compared to medical therapy, 
and we excluded the patients assigned to the Amiodarone 
group. For the COMPANION trial, the outcome of the 
CRT pacemaker only group is not included. 

The general design of all of these RCTs was similar (3-7). 
Patients were randomized into an ICD arm (with only the 
DANISH and the COMPANION trials having additional 
CRT pacemakers inserted) or into a medical therapy arm. 
Except for the recent DANISH trial, all other RCTs enrolled 
patients from 1991 to 2002 (3,4,6,7). Mean LVEF ranged 
from 20% to 25% in all RCTs (3-7). The majority of patients 
enrolled had NYHA class II–III; only the DEFINITE trial 
included patients with NYHA class I. The COMPANION 
and DANISH trials included patients with NYHA class IV. 
However, in the DANISH trial, all NYHA class IV patients 
received CRT pacing and they represented a very small 
minority of the overall DANISH population (1%). 

In terms of CRT pacing, the medical therapy arm of the 
COMPANION trial did not include CRT devices whereas 
the medical arm of the DANISH trial, had about 58% 
patients with CRT pacing devices. In all the other RCTs, 
the mean QRS duration was either <120 millisecond (3,6) or 

not reported (7) (Table S1). In the DANISH trial, patients 
in the medical therapy and ICD arms were also stratified 
according to CRT implantation status; survival was not 
statistically different in the ICD group as compared to 
medical therapy in patients who had CRT device implanted 
(HR 0.91, 95% CI 0.64–1.29, P=0.59) or those who did not 
(HR 0.83, 95% CI 0.58–1.19, P=0.31).

Given that standard medical therapy for heart failure in 
patients with NICM has been shown to affect survival, all 
five RCTs reported on guideline directed medical therapy, 
including Angiotensin-converting-enzyme inhibitors (ACE-
Is), Angiotensin II receptor blockers (ARBs), Beta-blockers, 
and Mineralocorticoid receptor antagonist (MRA) (3-7). All 
RCTs had >90% utilization rate of ACE-Is or ARBs. The 
Beta-blocker utilization rate was however more variable 
ranging between 3.7% and 92%, based on how recent the 
study is (i.e., due to changes in guidelines’ directed medical 
therapy). Only the DEFINITE and DANISH trials had 
>80% utilization rate of beta-blockers. For MRA, rates 
of utilization were low (<21%) (7), not reported (3,6), or 
ranged between 55% and 59% for the COMPANION and 
DANISH trials. 

Figure 2 Forest plots comparing internal cardioverter defibrillator versus medical therapy (A) cardiac mortality (B) cardiac mortality 
excluding cases of sudden cardiac death.
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Crossover was reported in 3 out of 5 RCTs (4-6). 
Crossover to the ICD arm was 26% in the COMPANION 
trial, 10% in the DEFINITE trial, and 4.8% in the 
DANISH trial. 

Quantitative analysis of the included RCTs

All-cause mortality 
All 5 RCTs included in this analysis reported the 
primary outcome of all-cause mortality. Pooled analysis 
demonstrates that ICD therapy significant reduces all-cause 
mortality by 24% to standard medical therapy (RR 0.76, 
95% CI 0.64–0.91, P=0.002, Figure 1A). Sensitivity analysis 
was performed through removing one RCT at a time (five 
analyses were done) and studying the change of the pooled 
estimate. The statistical significant benefit of ICDs in 
primary prevention of all-cause mortality persisted in all 
analyses, even with the exclusion of SCD-HeFT trial (RR 
0.74, 95% CI 0.58–0.95, P=0.02). Funnel plot is shown in 
Figure S2 (online supplement). 

In order to further understand the effect of CRT on 
all-cause mortality, a sensitivity analysis was performed in 
which the overall survival HR in the DANISH trial was 
substituted for the HR comparing patients with ICD vs. 
medical therapy who have not received a CRT device. The 
benefit of ICDs persisted, with a relative risk reduction 
(RRR) of 28% (RR 0.72, 95% CI 0.59–0.88, P=0.001); 
Figure S3 (online supplement). Then, the COMPANION 
trial data were removed to have all four RCTs (including 
DANISH) with no patients who have received CRT device 
that could have confounded the outcome. However, the 
results persisted, with a RRR of 24% (RR 0.76, 95% CI 
0.61–0.94, P=0.01), Figure S4 (online supplement). Limiting 
the analysis to studies with follow up ≤3 years did not 
change the results: RR 0.64 (95% CI 0.47–0.87, P=0.004). 
Further, limiting the analysis to only DANISH and SCD-
HeFT (follow up >3 years) resulted in decreasing the 
magnitude of effect of ICD treatment which is driven by the 
DANISH trial (weight 70.2%): RR 0.83 (95% CI 0.67–1.02, 
P=0.07). 

SCD
Three RCTs reported on SCD (3,5,6). There were 27 SCD 
out of 835 patients who received ICDs vs. 60 SCD out of 
843 patients who received medical therapy. The pooled 
summary estimate shows a statistically significant 60% 
RRR of SCD in patients undergoing ICD implantation as 
compared to medical therapy (RR 0.40, 95% CI 0.18–0.90, T
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P=0.03). If this analysis is confined to the two studies that 
reported hazard ratios of SCD (DEFINITE and DANISH 
trials), ICD therapy remains protective against SCD with 
a 62% RRR over medical therapy (RR 0.38, 95% CI 0.16–
0.86, P=0.02). 

Cardiac death
Three RCTs reported specific events related to cardiac 
death including cardiac death secondary to SCD (3,5,6). 
There were 93 cardiac deaths out of 835 patients who 
received ICDs vs. 122 cardiac deaths out of 843 patients 
who received medical therapy, with a pooled RR 0.75 (95% 
CI 0.39–1.44, P=0.39, Figure 2A). Results persisted with 
excluding cardiac death due to causes other than SCD (RR 
1.06, 95% CI 0.69–1.62, P=0.80, Figure 2B). 

Discussion 

In this systematic review and meta-analysis of five RCTs 
pooling data for 1,503 ICD recipients with NICM 
compared to 1,364 NICM receiving medical therapy, we 
demonstrate a clinically significant reduction in all-cause 
mortality (24%) and SCD (60%), but not cardiac death. 
The benefit of ICD for the prevention of all-cause mortality 
persisted despite robust sensitivity analyses, where we 
demonstrate that the use of ICDs drove the overall results. 

The negative results of some of the individual RCTs are 
likely because of under-powering, which is where meta-
analyses excel. By combining the results of multiple trials, 
the problem of power is overcome. The tradeoff is however 
that combining multiple trials brings in an element of 
heterogeneity that may impact our ability to interpret the 
results. Because of this limitation, it is important to apply 
rigorous statistical methods including sensitivity analyses to 
ensure that no one study is skewing the results.

Of all the studies examining the impact of ICD therapy 
compared to medical therapy on all-cause mortality, 
the DANISH trial stands out as the most negative. One 
important explanation of this finding is the fact that the 
medical therapy arm of the DANISH trial had 58% of 
patients who received CRT pacemakers. An interesting 
question that deserves further investigation is whether ICD 
therapy provides protection beyond medical therapy in the 
presence of CRT pacing. To date, there is no evidence from 
an RCT to confirm this statement. Although subgroup 
analyses are meant to be hypothesis generating; it is worth 
noting that the DANISH trial provided subgroup analyses 
with the outcome stratified according to CRT implantation 

status and showed no mortality benefit with ICD over 
medical therapy regardless if patients were in the groups 
who received CRT or not. Also, the COMPANION trial, 
which included a CRT-pacemaker and a CRT-defibrillator 
arm failed to show a difference between these two treatment 
strategies for the outcome of all-cause mortality. A recent 
meta-analysis (14) that included 19 studies (12,378 patients) 
showed that CRT-D patients had significantly lower 
mortality as compared to CRT-P patients (16.6% vs. 27.1%; 
RR=0.69, 95% CI 0.62–0.76; P<0.00001). However, when 
patients were divided into ICM and NICM, there was a 
non-statistically significant trend for benefit in patient with 
NICM receiving CRT-D as compared to CRT-P (HR 0.79, 
95% CI 0.61–1.02; P=0.07). Thus, future studies are needed 
to elucidate this important question of benefit of CRT-D 
as compared to CRT-P, particularly given the significant 
differences in size and cost between CRT pacemakers and 
defibrillators. 

In addition, the DANISH trial had significantly better 
optimal medical therapy with ACE-I/ARB, Beta-blockers, 
and MRA. This may have contributed to diluting the 
mortality difference between the ICD and medical therapy 
arms of DANISH. This is all while keeping in mind that 
optimal medical therapy is a moving target with newer and 
potentially better therapies that could improve survival 
in NICM, further diluting the benefit of ICDs. The best 
example of this is the recently published PARADIGM-
HF trial which has shown that an Angiotensin Receptor-
Neprilysin Inhibitors (i.e., Sacubitril/Valsartan combination) 
was superior to Enalapril in reducing the risk of death 
and heart failure admissions (15). Further investigation is 
needed to study the effect of the combination of Sacubitril/
Valsartan on the occurrence of SCD in patients with 
NICM. 

Heart failure complicating NICM is a complex 
syndrome; therefore, the all-cause mortality and cardiac 
mortality outcomes in this population can be influenced 
by the burden of cardiac and non-cardiac comorbidities in 
these patients. In the two large trials which classified deaths 
during follow up into all-cause, cardiac and non-cardiac 
deaths (DANISH and DEFINITE), there were relatively 
high rates of cardiac deaths (due to causes other than 
SCD) and non-cardiac death rate. Given competing causes 
of death, this could be one possible explanation as why 
ICD therapy failed to reduce all causes mortality in both 
the DEFINITE and DANISH, despite the fact that ICD 
therapy was shown to still significantly reduce the rates of 
SCD. 
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Another potential difference among the individual trials 
included in this meta-analysis may be the time from the 
onset of heart failure symptoms to ICD implantation. It 
is plausible that patients who remain in heart failure with 
reduced ejection fraction for a longer period of time despite 
optimal medical therapy tend to have higher event rates 
of events compared to patients with shorter time to ICD 
with or without CRT therapy. Unfortunately, these factors 
could not be corrected for in our present study. Also, a 
longer duration of follow up from the time of implantation 
of ICD to the conclusion of a study is likely to affect the 
outcome. As shown in our sensitivity analysis, limiting the 
analysis to studies with a follow up period ≤3 years, showed 
a statistically significant reduction in all-cause mortality 
in patients undergoing ICD implantation as compared to 
medical therapy (RR 0.64, 95% CI 0.47–0.87, P=0.004). 
However, by limiting the analysis to DANISH and SCD-
HeFT which had a longer follow up, there was a trend 
toward benefit in ICD group that did not achieve statistical 
significance (RR 0.83, 95% CI 0.67–1.02, P=0.07). 
However, this result was driven by the magnitude of the 
DANISH trial, which makes it hard to draw conclusions 
with regards to the benefit of ICD in relation to follow 
up time. Further studies with similar long term follow up 
are needed to address this question. In the context of the 
older published trials, the DANISH trial showed us that we 
cannot continue practicing modern medicine based solely 
on older trials. As we glance into the future of primary 
prevention of SCD in NICM, there is a need for newer and 
pragmatic trials that address same questions with newer 
approaches, taking into account the evolution of cardiac 
therapy in general and incorporating more comprehensive 
risk assessment strategies using newer technology such 
as cardiac magnetic resonance, for example, to better risk 
stratify patients with NICM beyond just relying on the 
combination of symptoms and reduced ejection fraction as 
the only “criteria” for implanting ICDs. 

Limitations

This is a meta-analysis of the published RCTs and therefore 
individual patient data were not available. The studies 
had slightly different designs, but were similar enough in 
their inclusion criteria to allow pooling of patient data, 
particularly that after assessment of the Inconsistency 
index (I2) and the Q-statistic, there was no significant 
heterogeneity in any of the reported analyses. When 
considering the outcomes of cardiac death or SCD, 

competing causes of death, such as non-cardiac death, 
may impact the assessment of the event of interest. This 
is a major reason why we chose all-cause mortality as our 
primary outcome of interest for this analysis, since it is not 
subject to this limitation. In addition, for the outcome of 
SCD, it is often challenging to ascertain the exact cause of 
cardiac death, especially in patients assigned to the medical 
therapy arm. However, the benefit of ICD therapy in 
reducing SCD was demonstrated in multiple RCTs, and 
persisted through our sensitivity analysis.

Conclusions

Our pooled analysis demonstrates that ICD therapy reduces 
all-cause mortality and SCD in NICM patients, which is 
consistent with the recommendation of current published 
guidelines. 
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Figure S1 Diagram showing the search methodology, inclusion steps, and included articles.

Records identified through 
databases search

N=218
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Records excluded based on abstract
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Additional records identified through 
other sources

N=1
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Studies included in qualitative synthesis
N=5

Studies included in quantitative synthesis
N=5

(CAT, DEFINITE, SCD-HeFT, COMPANION, and 
DANISH trials)

Full texts articles excluded with reasons
N=10

- 6 ischemic cardiomyopathy trials
- 3 secondary prevention trials in nonischemic cardiomyopathy
- 1 trial used Amiodarone as a comparator group



Table S1 Baseline characteristics of the included RCTs

RCT Study design Enrollment years No. of patient enrolled Age (years) Male (%) QRS duration (msec) LBBB (%) LVEF (%) NYHA class (%) DM (%) AF (%) ACE-I or ARB (%) Beta-blockers (%) MRA (%) Amiodarone (%) CRT (%) Crossover to ICD (%)

CAT (NICM) ICD vs. medical therapy 1991–1997 50/54 52/52 86/74 102/114 23/37 24/25 II (66.7/64.1),  

III (33.3/35.8)

NR 20.4/11.3 94/98.1 4/3.7 NR NR 0/0 NR

DEFINITE (NICM) ICD vs. medical therapy 1998–2002 229/229 58.4/58.1 72.5/69.9 114.7/115.5 19.7/19.7 20.9/21.4 I (25.3/17.9),  

II (54.2/60.7),  

III (20.5/21.4)

22.7/23.1 22.7/26.2 ACEI (83.8/87.3), 

ARB (13.5/8.7)

85.6/84.3 NR 3.9/6.6 0/0 10

SCD-HeFT (NICM and ICM)µ ICD vs. medical therapy vs. 

Amiodarone 

1997–2001 829/847 60.1/59.7* 77/77 NR NR 24/25* II (68/70),  

III (32/30)

31/32 17/14 94/98 69/69 20/19 14/9.5 0/0 NR#

COMPANION (NICM and ICM)µ ICD/CRT vs. CRT vs. 

medical therapy

2000–2002 595/308 66/68 67/69 160/158 73/70 22/22 III (86/82),  

IV (14/18)

41/45 NR 90/89 68/66 55/55 NR 100/0 26

DANISH (NICM) ICD vs. medical therapy 2008–2014 556/560 64/63* 73/72 146/145 NR 25/25 II (53/54),  

III (45/45),  

IV (1/1)

18/20 24/20 96/97 92/92 59/57 6/6 58/58 4.8

All reported numbers represent mean or percentage except where designated (* represents Median); µ Baseline characteristics is reported for the overall population of ischemic and nonischemic cardiomyopathy patients; #, 188 patients (11%) crossed over to ICD therapy from both the medical therapy and the Amiodarone groups. The 

number of crossover from medical therapy to ICD was not reported. RCT, randomized controlled trial; NICM, non-ischemic cardiomyopathy; ICM, ischemic cardiomyopathy; ICD, implantable cardioverter defibrillator; msec, millisecond; LBBB, left bundle branch block; NYHA, New York Heart Association; DM, diabetes mellitus; AF, atrial 

fibrillation; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; MRA, mineralcorticoid receptor antagonist; CRT, cardiac resynchronization therapy; NR, not reported. 

Figure S2 Funnel plot for the six randomized control trials 
evaluating all-cause mortality in patients receiving ICD versus 
medical therapy ± Amiodarone.
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Figure S3 All-cause mortality in ICD vs. medical therapy groups with the DANISH trial only reporting on patients with no CRT 
implantation. 

Figure S4 All-cause mortality in ICD vs. medical therapy groups excluding the COMPANION trial and including DANISH trial patients 
with no CRT implantation.


