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Abstract
Introduction A mortality benefit in patients with implantable
cardioverter defibrillator (ICD) in ischemic cardiomyopathy is
well established. However, the benefit of ICD implantation in
non-ischemic cardiomyopathy (NICM) on total mortality re-
mains uncertain.We performed a systematic review and meta-
analysis of randomized controlled trials (RCT) evaluating the
role of primary prevention ICD in NICM patients.
Methods We performed a systematic review on PubMed, The
Cochrane Library, EMBASE, EBSCO, Web of Science, and
CINAHL databases from the inception through February
2017 to identify RCT evaluating the role of ICD in NICM
patients. Mantel-Haenszel risk ratio (RR) fixed effects model
was used to summarize data across treatment arms. If hetero-
geneity (I2) ≥25, random effects model was used instead.

Results We analyzed a total of 2573 patients from five RCTs
comparing ICD with medical therapy in patients with NICM.
The mean follow up for the trials was 48 ± 22 months. There
was a significant reduction in (a) all-cause mortality (RR 0.84,
95% CI 0.71–0.99, p = 0.03) and (b) sudden cardiac death (RR
0.47, 95%CI0.30–0.73,p<0.001) in ICDgroupversusmedical
therapy.
Conclusion Our analysis demonstrates that the use of ICD for
primary prevention is associated with a reduction in all-cause
mortality and SCD in patients with NICM.

Keywords Implantable cardiac defibrillator . Sudden cardiac
death . Non-ischemic cardiomyopathy

Abbreviations
ICD Implantable cardioverter defibrillator
NICM Non-ischemic cardiomyopathy
CI Confidence interval
SCD Sudden cardiac death
LVEF Left ventricular ejection fraction
RCTs Randomized controlled trials
SMD Standard mean difference

1 Introduction

The survival benefit with primary prevention implantable
cardioverter defibrillator (ICD) implantation is stronger for
ischemic cardiomyopathy (ICM) patients [1] as compared to
patients with non-ischemic cardiomyopathy (NICM).
According to the current American College of Cardiology
Foundation/American Heart Association and European
Society of Cardiology guidelines for the management of heart
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failure, primary prevention ICD is considered a class IA rec-
ommendation for selected patients (both ischemic and non-
ischemic) with heart failure and reduced left ventricular sys-
tolic function (LVEF) of ≤35% and New York Heart Failure
(NYHA) class II or III symptoms on guideline-directed med-
ical therapy, who have reasonable expectation of meaningful
survival for more than 1 year [2, 3]. For NICM patients, this
recommendation was based on the trend towards reduction in
all-cause mortality observed in the sub-analysis of sudden
cardiac death in heart failure trial (SCD-HeFT) and results of
the meta-analysis by Desai et al. [2, 4]. Also, studies have
shown that LVEF remain the most powerful predictor of sud-
den cardiac death (SCD) in heart failure patients. However,
many patients with NICMwho experience SCD do not have a
severely reduced LVEF and, conversely, some patients are not
at high risk for SCD despite having a depressed LVEF [5, 6].
Moreover, several patients who meet criteria for primary pre-
vention ICD do not receive appropriate ICD shocks in their
lifetime probably due to significant advances in heart failure
medical therapy [7]. In addition, patients in SCD-HeFT trial
were enrolled between 1997 and 2001.

No randomized controlled trial (RCT) has demonstrated a
statistical significant mortality benefit with primary preven-
tion ICD in NICM patients to date. Previously, two RCT [8,
9] demonstrated a trend towards mortality benefit in the sub-
group analysis of NICM patients treated with primary preven-
tion ICD versus medical therapy alone, but failed to achieve
statistical significance. Additionally, two other small RCT
[10, 11] failed to demonstrate any benefit over medical thera-
py plus antiarrhythmic drugs versus primary prevention ICD.
Finally, the results from the recently published defibrillator
implantation in patients with non-ischemic systolic heart fail-
ure (DANISH) trial [12] make the role of ICD in NICM even
more controversial.

Given limited and conflicting evidence of benefit of prima-
ry prevention ICD in NICM patients, we performed a system-
atic review and meta-analysis of RCTs evaluating the role of
primary prevention ICD in NICM patients.

2 Methods

Thepresentmeta-analysiswasperformedaccording toCochrane
Collaboration and Preferred Reporting Items for Systematic
Reviews andMeta-Analyses (PRISMA) statements [13].

2.1 Search strategy

We performed a systematic review on PubMed, The Cochrane
Library, EMBASE, EBSCO, Web of Science, and CINAHL
databases from the inception through November 27, 2016 to
identify trials evaluating use of ICD in patients with NICM.
We combined the medical subject heading keywords

including the following: non-ischemic cardiomyopathy or de-
fibrillators or implantable or primary prevention ICD. The
identified studies were systematically assessed using the in-
clusion and exclusion criteria described below.

2.2 Eligibility criteria

The eligibility criteria for our systematic review and meta-
analysis included [1] human subjects with NICM, undergoing
primary prevention ICD implantation and [2] reported clinical
outcomes of all-cause mortality and/or SCD [3]. We included
randomized trials comparing medical therapy to primary pre-
vention implantation of an ICD without CRT capability, or
which used CRT as a randomization stratification factor in
order to avoid a differential impact of CRT across the device
and medical therapy arms. In DANISH trial, subjects were
randomized in a 1:1 ratio to receive an ICD or exclusively
medical therapy. The randomization was stratified by whether
the patient was scheduled to receive a CRT, which was
intended to balance the impact of CRT between the two arms.
Thus, DANISH met the inclusion criteria. The comparison of
medical therapy, pacing and defibrillation in heart failure
(COMPANION) trial, in contrast, randomized subjects to
medical therapy, or cardiac resynchronization therapy with a
pacemaker only (CRT-P) or with a pacemaker-defibrillator
(CRT-D). Since CRTwas not available in the medical therapy
arm for COMPANION, the impact of the pacemaker cannot
be isolated from the impact of the defibrillator. Thus,
COMPANION did not meet the inclusion criteria.
Retrospective studies, abstracts, case reports, conference pre-
sentations, editorials, reviews, and expert opinions were ex-
cluded from our analysis.

2.3 Data extractions and quality appraisal

Two investigators (RC and JG) independently screened all
titles, abstracts and manually searched the full text versions
of all relevant studies that fulfilled the inclusion criteria.
References of the retrieved articles were independently
reviewed for further identification of potentially relevant stud-
ies. Jadad score was independently calculated by two investi-
gators (RC and JG). Any disparities between the two investi-
gators were discussed with a third investigator (NJS) until
consensus was reached. Final results were reviewed by senior
investigators (AN and JR) (Fig. 1).

2.4 Outcomes

The outcomes for the study were “all-cause mortality” and
“sudden cardiac death” at the longest follow-up period in pa-
tients with NICM.
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2.5 Statistical analysis

We conducted a meta-analysis of summary statistics from
the individual trials because detailed, patient-level data
were not available for all trials. Summary estimates and
95% CI were reported for continuous variables as differ-
ence in means (DM). Mantel-Haenszel risk ratio (RR)
fixed effects model was used to summarize data across
treatment arms. We evaluated heterogeneity of effects
using the Higgins I-squared (I2) statistic [14]. In cases
of heterogeneity (defined as I2 > 25%), random effects
models of DerSimonian and Laird [15] were used, other-
wise analyses were performed by fixed effect models.
Publication bias was estimated visually by funnel plots
[16, 17]. If any bias was observed, further bias quantifi-
cation was measured using the Begg-Mazumdar test [18],
and Egger test [16]. Sensitivity analyses were performed
to assess the contribution of each study to the pooled
estimate by excluding individual trials one at a time
and recalculating the pooled RR estimates for the re-
maining studies. All analyses were conducted using
Comprehensive Meta-Analysis 2.0 software (Biostat,
Inc., Englewood, NJ).

3 Results

A total of 2666 studies were identified after exclusion of
duplicate or irrelevant references (Fig. 1). After a detailed
evaluation of these studies, five relevant studies were in-
cluded that incorporated a total of 2573 participants
[8–12]. Although COMPANION trial evaluated the use
of cardiac resynchronization therapy (CRT) with or with-
out ICD in patients with advanced heart failure, the trial
was not included in our analysis as data comparing CRT-

defibrillator (CRT-D) versus CRT-pacemaker (CRT-P)
were not available [19. Moreover, it was not statistically
feasible to compare the CRT-D group vs. the medical
therapy group since it would be impossible to know if
patients in the CRT-D group had better survival due to
either defibrillator or due primarily to CRT. The charac-
teristics of these trials, mean follow-up periods, and pa-
tient characteristics are described in Tables 1 and 2.

3.1 Quality assessment and publication bias

The most notable difference between the trials was the sever-
ity of illness in the enrolled patients. The amiodarone versus
implantable cardioverter-defibrillator: randomized trial
(AMIOVIRT), defibrillators in non-ischemic cardiomyopathy
treatment evaluation (DEFINITE), and SCD-HeFT trials en-
rolled comparable number of patients with NYHA class III or
IV heart failure of at least 3-year duration. In contrast, the
cardiomyopathy trial (CAT) and DANISH trials enrolled pa-
tients with NYHA class II or III heart failure of short duration
(less than 3 years). Despite the differences in design of these
five primary prevention trials, a sufficient similarity between
the included populations and the testing hypothesis merited
their inclusion in the quantitative meta-analysis.

Overall, there were clear definitions of the study popula-
tion, outcomes, and assessment in most component studies,
but blinded assessment of outcomes was not reported in all
studies resulting in potential bias. Jadad score was calculated
for all RCTs with a mean Jadad score of 3 indicating that the
studies involved were of high quality (Table 1).

Funnel plots did not reveal publication bias for comparison of
all-causemortality and suddencardiac deathbetween ICDgroup
as compared tomedical therapy group (Figs. 2 and 3). Likewise,
other methods such as Begg-Mazumdar test and Egger test, did
not suggest the presence of publication bias (Table 3).

Fig. 1 Process of study selection
for randomized and prospective
trials (PRISMA statement). CRT-
D cardiac resynchronization
therapy-defibrillator, CRT-P
cardiac resynchronization therapy
with pacemaker
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3.2 Baseline characteristics

In the participant studies, the mean follow-up period was
48 ± 22 months. There were no significant differences be-
tween the two groups in terms of age, gender, New York
Heart Failure (NYHA) class II and III, diabetes, use of beta-
blockers, angiotensin converting enzyme inhibitors, or angio-
tensin receptor blockers. There was a higher number of pa-
tients with NYHA class I heart failure in the ICD group versus
medical therapy group (30 versus 21%, respectively, p = 0.02)
(Table 2).

3.3 Assessment of all-cause mortality

There was a statistical significant reduction of all-cause mor-
tality in the ICD group as compared to medical therapy group
(RR 0.84, 95% CI 0.71–0.99, p = 0.03) (Fig. 2). The relative
and the absolute reduction in total mortality obtained by
implanting ICD for primary prevention in NICM was 16 and
3.8%, respectively. No significant heterogeneity was observed
between trials.

3.4 Assessment of sudden cardiac death

A significant reduction in SCDwas also observedwith the use
of ICD in patients with NICM (RR 0.47, 95% CI 0.30–0.73,
p < 0.001) (Fig. 3). No significant heterogeneity was observed
between trials.

4 Discussion

To our knowledge, this is the largest meta-analysis of RCTs
evaluating the role of primary prevention ICD in NICM patients
compared to medical therapy. The main findings in our study
was (1) significant reduction in all-cause mortality and sudden
cardiac death with primary prevention ICD versus medical ther-
apy in patients with NICM. The results from the primary preven-
tion trials are convincing, with data from 2573 NICM patients
from five RCTs demonstrating a 16% reduction in all-causemor-
tality with primary prevention ICD therapy versus medical ther-
apy alone despite negative results from individual primary pre-
vention trials. Although results of our study corroborate with the
prior meta-analysis by Desai et al., yet their study demonstrated
higher mortality reduction benefit of primary prevention ICD
implantation for NICM than our current meta-analysis (31%
vs. 16%, respectively) [4]. NICM patients constitute one-third
of heart failure patients with 5-year mortality as high as 20%
and SCD accounting for 30% (8 to 50%) deaths [20–22].
Approximately, 154,659 ICDswere implanted between the years
2005–2010 according to National Cardiovascular Data Registry
[23], on the basis of trends towards all-cause mortality reduction
observed in the sub-analysis of SCD-HeFT trial and meta-T
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analysis by Desai et al. [2, 24]. However, none of the primary
prevention trials have demonstrated a significant benefit of ICD
over medical therapy for all-cause mortality in patients with
NICM, likely due to lower than predicted medical group mortal-
ity and probably because these trials have been underpowered to
show a statistical difference. Hence, it is possible that individual
trials are un underrepresentation of real-world NICM patients.
The cardiomyopathy trial (CAT) and amiodarone versus implant-
able cardioverter-defibrillator: randomized trial (AMIOVIRT) tri-
als were underpowered to detect a difference between ICD and
medical therapy. In addition, with inclusion of recently published
DANISH trial that enrolled relatively stable heart failure (NYHA
II or III) patients on goal directed medical therapy (>90% med-
ication compliance with beta-blocker and angiotensin converting
enzyme inhibitor) as compared to AMIOVIRT, DEFINITE, and
SCD-HeFT trials (NYHA III or IV), could possibly account for
attenuated mortality benefit with primary prevention ICD as
compared to the prior meta-analysis. In addition, we did not
include the results of COMPANION trial in our analysis as com-
pared to prior meta-analysis as data-comparing CRT-D versus
CRT-P was not available [19]. Importantly, prior meta-analyses
[4, 25] have included the COMPANION trial, which showed a
stronger effect than all other studies assessing the benefit of ICD
in NICM patients. The relative reduction in all-cause mortality in
the COMPANION trial was 50% while in all the other studies it
was not greater than 30%. Since the data extracted from the
COMPANION trial in prior meta-analyses are from the group

treatedwithmedical therapy vs. the groupwho received ICD and
CRT, these meta-analyses may have overstated the benefit of
ICDs in this patient population due to the simultaneous benefit
obtained by biventricular pacing in heart failure patients, partic-
ularly in NICM. Also, studies have also demonstrated unclear
mortality benefit in patients who are eligible for CRT to receive
defibrillator additionally [25, 26].

Ventricular arrhythmias, both symptomatic and asymptom-
atic are common in patients with NICM. Non-sustained VT
can be observed in 30–50% of the patients, with a significant
decrease on goal directed optimal medical therapy [27]. The
relationship between SCD and ICD remains controversial in
NICM patients. Our analysis demonstrated a significant reduc-
tion in SCD of 53% with primary prevention ICD in NICM
patients versus medical therapy alone. It is conceivable to
speculate that ICD indeed protect patients from dying from
ventricular arrhythmias in the short term but given the fact that
only a limited percentage of these patients undergo radiofre-
quency ablation for ventricular tachycardia and more impor-
tantly because of the modest success rate of ablative procedure
in NICM, these patients will eventually pass away from repet-
itive ICD shocks or advanced heart failure. In fact, studies
have shown that increased ICD shocks (both appropriate and
inappropriate) are associated with increased myocardial dam-
age and hence increased mortality [28, 29]. Increasing myo-
cardial damage and subsequent scar formation may form a
substrate for episodes of recurrent ventricular tachycardia

Table 2 Baseline demographics
of study population Baseline characteristics ICD Medical therapy Number Studies (n) p value

Age (year) 58.5 58.7 207 2 0.53

Males (%) 74 72 1781 4 0.49

Heat failure, NYHA I (%) 30% 21% 561 2 0.02

Heat failure, NYHA II (%) 60% 61% 1781 4 0.48

Heat failure, NYHA III (%) 33% 37% 1781 4 0.86

Diabetes (%) 24% 27% 1677 3 0.33

On beta-blockers (%) 59% 58% 1781 4 0.97

On ACEI (%) 91% 91% 1781 4 0.23

On ARBs (%) 31% 28% 1677 3 0.28

ICD implantable cardioverter-defibrillator, NYHA New York Heart Association, ACEI angiotensin converting
enzyme inhibitor, ARBs angiotensin II receptor blockers
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(VT). A recurrent VT itself may change the electrophysiolog-
ical properties of the myocardium, predisposing to new VT
reentry circuits in the tissue thus forming a vicious cycle
[30]. Hence, changes in device programming parameters,
i.e., high rate zone (therapy delivered for heart rate >199 beats
per minute) and delay therapy zone (heart rate >169 beats per
minute with longer tachyarrhythmia monitoring), as studied in
MADIT RIT trial, might help in the reduction of inappropriate
ICD shock and all-cause mortality as compared to convention-
al programming parameters (heart rate >169 beats per minute)
[31]. Hence, we think that although in our study, primary pre-
vention ICDs are associated with reduction in SCD, patients
who suffer from initial ventricular arrhythmias are at increased
risk of subsequent ventricular arrhythmias, and might benefit
from early VT ablation [32, 33]. Catheter ablation for VT has
emerged as an important therapeutic intervention to control
VT and reduce recurrent episodes of sustained VT, and with
endocardial and/or epicardial VT ablation patients might have
a complete different clinical course. Several studies have
shown that non-inducibility of VT after catheter ablation is
an independent predictor of long-term VT-free survival and
reduced mortality [34, 35]. In a recent meta-analysis, com-
bined endo–epicardial ablation was significantly associated
with reduced of VT recurrence compared to endocardial abla-
tion alone (OR = 2.02, 95% CI 1.19–3.44), suggesting that a
combined endo–epicardial ablation strategy might be neces-
sary to improve the long-term outcome in NICM patients with
recurrent VT [36]. Therefore, electrophysiologists should have
a lower threshold to perform catheter ablation for VTonce the
patient has experienced ICD shock or anti tachycardia pacing.

Furthermore, data from real-world studies have shown that
the compliance with beta-blockers is approximately 85%
mainly due to side effects or drug intolerance [3]. In our
pooled analysis, the compliance with beta-blockers was ap-
proximately 59%, which could have been one of the reasons
for observed significant reduction in SCD with the use of
primary prevention ICD in NICM patients.

It is important to notice that in clinical practice, once coronary
artery disease has been ruled out as the cause of cardiomyopathy
and patients are “labeled” with the term NICM, the etiology of
heart failure in those patients is rarely found. Efforts must be

made to find a specific diagnosis of the cardiomyopathy since
there are several reversible and/or treatable causes of NICM
such as PVC or tachycardia-induced cardiomyopathy, high hy-
perthyroidism, anemia, alcohol- and cocaine-induced cardiomy-
opathy, cardiac sarcoidosis, and amyloidosis among others.

Risk stratification in NICM patients therefore constitutes
a crucial part in patient management. Currently, LVEF re-
mains the most powerful predictor for prevention of SCD in
heart failure patients. However, it lacks sensitivity for pre-
diction of SCD. Even a low LVEF (<20%) may not have
high positive predictive value for SCD. In fact, patients with
LVEF >30% and risk factors (NYHA functional class, non-
sustained VT, age, LV conduction abnormalities, atrial fi-
brillation) are at increased mortality risk as compared to
patients with LVEF <30% and no risk factors [37]. Several
other factors have been recognized for risk stratification that
includes a history of unexplained syncope [38, 39], abnor-
mal signal averaged ECG [40], fragmented QRS [41], QRS-
Tangle, T-wave alternans [42], and myocardial scintigraphy
[43]. Additionally, there has been recent literature
supporting use of cardiac MRI [44, 45] to detect and quan-
tify the extent of myocardial fibrosis. Studies have shown
the late gadolinium enhancement in NICM patients is the
strongest independent predictor of ventricular arrhythmias
(independent of LVEF) [46, 47]. Thus, it is also possible that
increased prevalence of these unaccounted prognostic
markers in our pooled analysis could have accounted reduc-
tion in SCD with primary prevention ICD. However, it is
also evident that studies looking at the relationship between
SCD and primary prevention ICD in NICM patients are
limited, and with small sample sizes.

Since no single marker individually presents with high
positive and negative predictive value for risk stratification,
combination of different test should be employed.
Combination of numerous risk markers for risk stratification
in systolic heart failure patients has been studied in the past
[48]. Given relatively low event rates in this selected cardio-
myopathy patients, high costs, device-related complications,
and inappropriate shocks [49, 50] demand a risk stratification
score with better patient selection who are at increased mor-
tality risk and would benefit from ICD the most.
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4.1 Study limitations

This systematic review and meta-analysis has several important
limitations thatshouldbeacknowledged.First, therewasalackof
uniformity in the participant trials for optimization of study par-
ticipants on goal directed medical therapy (with ACE inhibitors
and beta-blockers). Second, the overall results could have been
driven from the data from CAT trial, DEFINITE trial and SCD-
HeFT as observed with sensitivity analysis (Table 3). Also, we
included clinical trials that enrolled patients during a period of
rapid evolution in the efficacy of medical therapy in improving
survival among patients with NICM. With varying compliance
rates to medical therapy between trials, this may have led to
overestimate the benefit of ICD therapy.

5 Conclusion

ICD implantation for primary prevention in NICM patients
was associated with reduction in all-cause mortality and
SCD in our meta-analysis.

Compliance with ethical standards

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflict of interest The authors declare that they have no conflicts of
interest.

References

1. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS,
et al. Prophylactic implantation of a defibrillator in patients with
myocardial infarction and reduced ejection fraction. N Engl J Med.
2002;346(12):877–83.

2. Ponikowski P, VoorsAA,Anker SD, BuenoH, Cleland JG, CoatsAJ,
et al. 2016ESCguidelines for the diagnosis and treatment of acute and
chronic heart failure: the Task Force for the diagnosis and treatment of
acute and chronic heart failure of the European Society of Cardiology
(ESC) developed with the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur Heart J. 2016;37(27):2129–200.

3. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner
MH, et al. 2013ACCF/AHAguideline for the management of heart
failure: a report of the American College of Cardiology Foundation/

American Heart Association Task Force on practice guidelines. J
Am Coll Cardiol. 2013;62(16):e147–239.

4. Desai AS, Fang JC, Maisel WH, Baughman KL. Implantable defi-
brillators for the prevention of mortality in patients with
nonischemic cardiomyopathy: a meta-analysis of randomized con-
trolled trials. JAMA. 2004;292(23):2874–9.

5. Goldberger JJ, Buxton AE, Cain M, Costantini O, Exner DV, Knight
BP, et al. Risk stratification for arrhythmic sudden cardiac death: iden-
tifying the roadblocks. Circulation. 2011;123(21):2423–30.

6. Stecker EC, Chugh SS. Prediction of sudden cardiac death: next
steps in pursuit of effective methodology. J Interv Card
Electrophysiol. 2011;31(2):101–7.

7. Ghanbari H, Dalloul G, Hasan R, Daccarett M, Saba S, David S,
et al. Effectiveness of implantable cardioverter-defibrillators for the
primary prevention of sudden cardiac death in women with ad-
vanced heart failure: a meta-analysis of randomized controlled tri-
als. Arch Intern Med. 2009;169(16):1500–6.

8. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R,
et al. Amiodarone or an implantable cardioverter-defibrillator for
congestive heart failure. N Engl J Med. 2005;352(3):225–37.

9. Kadish A, Dyer A, Daubert JP, Quigg R, Estes NA, Anderson KP,
et al. Prophylactic defibrillator implantation in patients with
nonischemic dilated cardiomyopathy. N Engl J Med.
2004;350(21):2151–8.

10. Bansch D, Antz M, Boczor S, Volkmer M, Tebbenjohanns J, Seidl
K, et al. Primary prevention of sudden cardiac death in idiopathic
dilated cardiomyopathy: the cardiomyopathy trial (CAT).
Circulation. 2002;105(12):1453–8.

11. Strickberger SA, Hummel JD, Bartlett TG, Frumin HI, Schuger
CD, Beau SL, et al. Amiodarone versus implantable cardioverter-
defibrillator:randomized trial in patients with nonischemic dilated
cardiomyopathy and asymptomatic nonsustained ventricular tachy-
cardia—AMIOVIRT. J Am Coll Cardiol. 2003;41(10):1707–12.

12. Kober L, Thune JJ, Nielsen JC, Haarbo J, Videbaek L, Korup E,
et al. Defibrillator implantation in patients with nonischemic systol-
ic heart failure. N Engl J Med. 2016;375(13):1221–30.

13. Knobloch K, Yoon U, Vogt PM. Preferred reporting items for sys-
tematic reviews and meta-analyses (PRISMA) statement and pub-
lication bias. Journal of cranio-maxillo-facial surgery : official pub-
lication of the European Association for Cranio-Maxillo-Facial
Surgery. 2011;39(2):91–2.

14. Higgins JPT GS, eds.. Cochrane Handbook for Systematic Reviews
of Interventions. Version 5.1.0. The Cochrane Collaboration. http://
handbook.cochrane.org. Updated March 2011. Accessed October
20, 2016.

15. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials. 1986;7(3):177–88.

16. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. BMJ. 1997;315(7109):
629–34.

17. Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, et al.
Recommendations forexaminingandinterpretingfunnelplotasymmetry
inmeta-analyses of randomised controlled trials. BMJ. 2011;343:d4002.

18. Begg CB, Mazumdar M. Operating characteristics of a rank corre-
lation test for publication bias. Biometrics. 1994;50(4):1088–101.

19. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De
Marco T, et al. Cardiac-resynchronization therapy with or without
an implantable defibrillator in advanced chronic heart failure. N
Engl J Med. 2004;350(21):2140–50.

20. Jefferies JL, Towbin JA. Dilated cardiomyopathy. Lancet.
2010;375(9716):752–62.

21. MaronBJ,TowbinJA,ThieneG,AntzelevitchC,CorradoD,ArnettD,
et al. Contemporary definitions and classification of the cardiomyopa-
thies: an American Heart Association scientific statement from the
Council onClinical Cardiology, heart failure and transplantation com-
mittee; quality of care and outcomes research and functional genomics

Table 3 Summary of Egger and Begg’s Mazumdar test for publication
bias

Egger test
p value

Begg’s Mazumdar
test p value

All-cause mortality 0.25 1.00

Sudden cardiac death 1.00 0.63

P value of <0.05 indicates publication bias

J Interv Card Electrophysiol (2017) 49:263–270 269

http://handbook.cochrane.org
http://handbook.cochrane.org


andtranslationalbiologyinterdisciplinaryworkinggroups;andcouncil
on epidemiologyandprevention.Circulation. 2006;113(14):1807–16.

22. Felker GM, Thompson RE, Hare JM, Hruban RH, Clemetson DE,
Howard DL, et al. Underlying causes and long-term survival in
patients with initially unexplained cardiomyopathy. N Engl J
Med. 2000;342(15):1077–84.

23. RussoAM,Daugherty SL,Masoudi FA,WangY, Curtis J, Lampert R.
Genderandoutcomesafterprimarypreventionimplantablecardioverter-
defibrillator implantation: findings from the National Cardiovascular
Data Registry (NCDR). AmHeart J. 2015;170(2):330–8.

24. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner
MH, et al. 2013ACCF/AHA guideline for the management of heart
failure: a report of the American College of Cardiology Foundation/
American Heart Association Task Force on practice guidelines.
Circulation. 2013;128(16):e240–327.

25. Lam SK, Owen A. Combined resynchronisation and implantable defi-
brillator therapy in left ventricular dysfunction:Bayesian networkmeta-
analysis of randomised controlled trials. BMJ. 2007;335(7626):925.

26. Colquitt JL, Mendes D, Clegg AJ, Harris P, Cooper K, Picot J, et al.
Implantable cardioverter defibrillators for the treatment of arrhyth-
mias and cardiac resynchronisation therapy for the treatment of
heart failure: systematic review and economic evaluation. Health
Technol Assess. 2014;18(56):1–560.

27. Kuhne M, Abrams G, Sarrazin JF, Crawford T, Good E, Chugh A,
et al. Isolated potentials and pace-mapping as guides for ablation of
ventricular tachycardia in various types of nonischemic cardiomy-
opathy. J Cardiovasc Electrophysiol. 2010;21(9):1017–23.

28. Tereshchenko LG, Faddis MN, Fetics BJ, Zelik KE, Efimov IR,
Berger RD. Transient local injury current in right ventricular elec-
trogram after implantable cardioverter-defibrillator shock predicts
heart failure progression. J Am Coll Cardiol. 2009;54(9):822–8.

29. Xie J, Weil MH, Sun S, Tang W, Sato Y, Jin X, et al. High-energy
defibrillation increases the severity of postresuscitation myocardial
dysfunction. Circulation. 1997;96(2):683–8.

30. Harada M, Tsuji Y, Ishiguro YS, Takanari H, Okuno Y, Inden Y,
et al. Rate-dependent shortening of action potential duration in-
creases ventricular vulnerability in failing rabbit heart. Am J
Physiol Heart Circ Physiol. 2011;300(2):H565–73.

31. Moss AJ, Schuger C, Beck CA, Brown MW, Cannom DS, Daubert
JP, et al. Reduction in inappropriate therapy and mortality through
ICD programming. N Engl J Med. 2012;367(24):2275–83.

32. Frankel DS, Mountantonakis SE, Robinson MR, Zado ES, Callans
DJ, Marchlinski FE. Ventricular tachycardia ablation remains treat-
ment of last resort in structural heart disease: argument for earlier
intervention. J Cardiovasc Electrophysiol. 2011;22(10):1123–8.

33. Dinov B, Arya A, Bertagnolli L, Schirripa V, Schoene K, Sommer
P, et al. Early referral for ablation of scar-related ventricular tachy-
cardia is associated with improved acute and long-term outcomes:
results from the Heart Center of Leipzig ventricular tachycardia
registry. Circ Arrhythm Electrophysiol. 2014;7(6):1144–51.

34. Dinov B, Arya A, Schratter A, Schirripa V, Fiedler L, Sommer P,
et al. Catheter ablation of ventricular tachycardia and mortality in
patients with nonischemic dilated cardiomyopathy: can
noninducibility after ablation be a predictor for reduced mortality?
Circ Arrhythm Electrophysiol. 2015;8(3):598–605.

35. Piers SR, LeongDP, van Huls van Taxis CF, TayyebiM, Trines SA,
Pijnappels DA, et al. Outcome of ventricular tachycardia ablation in

patients with nonischemic cardiomyopathy: the impact of
noninducibility. Circ Arrhythm Electrophysiol. 2013;6(3):513–21.

36. Hu J, Zeng S, Zhou Q, Zhu W, Xu Z, Yu J, et al. Can ventricular
tachycardia non-inducibility after ablation predict reduced ventric-
ular tachycardia recurrence and mortality in patients with non-
ischemic cardiomyopathy? A meta-analysis of twenty-four obser-
vational studies. Int J Cardiol. 2016;222:689–95.

37. Vest RN 3rd, Gold MR. Risk stratification of ventricular arrhyth-
mias in patients with systolic heart failure. Curr Opin Cardiol.
2010;25(3):268–75.

38. Knight BP, Goyal R, Pelosi F, FlemmingM, Horwood L,Morady F,
et al. Outcome of patients with nonischemic dilated cardiomyopa-
thy and unexplained syncope treated with an implantable defibril-
lator. J Am Coll Cardiol. 1999;33(7):1964–70.

39. FonarowGC, FelicianoZ,BoyleNG,Knight L,WooMA,Moriguchi
JD, et al. Improved survival in patients with nonischemic advanced
heart failure and syncope treated with an implantable cardioverter-de-
fibrillator. Am JCardiol. 2000;85(8):981–5.

40. Fauchier L, Babuty D, Cosnay P, Poret P, Rouesnel P, Fauchier JP.
Long-term prognostic value of time domain analysis of signal-
averaged electrocardiography in idiopathic dilated cardiomyopathy.
Am J Cardiol. 2000;85(5):618–23.

41. Goldberger JJ, Subacius H, Patel T, Cunnane R, Kadish AH. Sudden
cardiac death risk stratification in patients with nonischemic dilated
cardiomyopathy. J AmColl Cardiol. 2014;63(18):1879–89.

42. Salerno-Uriarte JA, De Ferrari GM, Klersy C, Pedretti RF, TrittoM,
Sallusti L, et al. Prognostic value of T-wave alternans in patients
with heart failure due to nonischemic cardiomyopathy: results of the
ALPHA study. J Am Coll Cardiol. 2007;50(19):1896–904.

43. Kelesidis I, Travin MI. Use of cardiac radionuclide imaging to
identify patients at risk for arrhythmic sudden cardiac death. J
Nucl Cardiol. 2012;19(1):142–52.

44. Neilan TG, Coelho-Filho OR, Danik SB, Shah RV, Dodson JA,
Verdini DJ, et al. CMR quantification of myocardial scar provides
additive prognostic information in nonischemic cardiomyopathy.
JACC Cardiovasc Imaging. 2013;6(9):944–54.

45. Gulati A, Jabbour A, Ismail TF, Guha K, Khwaja J, Raza S, et al.
Association of fibrosis with mortality and sudden cardiac death in
patients with nonischemic dilated cardiomyopathy. JAMA.
2013;309(9):896–908.

46. Perazzolo Marra M, De Lazzari M, Zorzi A, Migliore F, Zilio F,
Calore C, et al. Impact of the presence and amount of myocardial
fibrosis by cardiac magnetic resonance on arrhythmic outcome and
sudden cardiac death in nonischemic dilated cardiomyopathy. Heart
Rhythm. 2014;11(5):856–63.

47. Memon S, Ganga HV, Kluger J. Late gadolinium enhancement in
patients with nonischemic dilated cardiomyopathy. Pacing Clin
Electrophysiol. 2016;39(7):731–47.

48. Agostoni P, Corra U, Cattadori G, Veglia F, La Gioia R, Scardovi
AB, et al. Metabolic exercise test data combined with cardiac and
kidney indexes, the MECKI score: a multiparametric approach to
heart failure prognosis. Int J Cardiol. 2013;167(6):2710–8.

49. Tung R, Zimetbaum P, Josephson ME. A critical appraisal of im-
plantable cardioverter-defibrillator therapy for the prevention of
sudden cardiac death. J Am Coll Cardiol. 2008;52(14):1111–21.

50. Poole JE, Johnson GW, Hellkamp AS, Anderson J, Callans DJ,
Raitt MH, et al. Prognostic importance of defibrillator shocks in
patients with heart failure. N Engl J Med. 2008;359(10):1009–17.

270 J Interv Card Electrophysiol (2017) 49:263–270


	Role...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Search strategy
	Eligibility criteria
	Data extractions and quality appraisal
	Outcomes
	Statistical analysis

	Results
	Quality assessment and publication bias
	Baseline characteristics
	Assessment of all-cause mortality
	Assessment of sudden cardiac death

	Discussion
	Study limitations

	Conclusion
	References


