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Abstract

Background Sudden cardiac death (SCD) is frequent in
patients with heart failure due to dilated cardiomyopathy
(DCM). Implantable cardioverter/defibrillator (ICD) device
therapy is currently used for primary prevention. However,
publication of the DANISH trial has recently given reason
for doubt, showing no significant improvement in all-cause
mortality in comparison to contemporary medical therapy.
Methods We performed a meta-analysis of all rand-
omized controlled trials comparing ICD therapy to medical
therapy (MT) for primary prevention in DCM. The primary
outcome was all-cause mortality; secondary analyses were
performed on sudden cardiac death, cardiovascular death
and non-cardiac death.

Results Five trials including a total of 2992 patients
were included in the pooled analysis. Compared to con-
temporary medical treatment there was a significant mor-
tality reduction with ICD device therapy [odds ratio (OR)
0.77, 95% confidence interval (CI) 0.64-0.93; p=0.006].
SCD was decreased significantly (OR 0.43, CI 0.27-0.69;
p=0.0004), while cardiovascular death and non-cardiac
death showed no differences. Sensitivity analyses showed
no influence of amiodarone therapy on overall results.
Analysis of MT details revealed the DANISH population
to adhere the most to current guideline recommendations.
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In addition, it was the only study including a substantial
amount of CRT devices (58%).

Conclusions Our meta-analysis of all available rand-
omized evidence shows a survival benefit of ICD therapy
for primary prevention in DCM. DANISH results suggest
an attenuation of this ICD advantage when compared to
contemporary medical and cardiac resynchronization ther-
apy. Until larger trials have confirmed this finding, ICD
therapy should remain the recommendation for primary
prevention of SCD in DCM.
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Abbreviations

ACEI  Angiotensin-converting enzyme inhibitor
ARB  Angiotensin receptor blocker

ARNI  Angiotensin receptor neprilysin inhibitor
ATP Antitachycardia pacing

BB Betablocker
CA Cardiac arrest

CAD Coronary artery disease

CVD  Cardiovascular death

CHF Congestive heart failure

CI Confidence interval

CRT Cardiac resynchronization therapy
DI Device infection

DCM  Dilated cardiomyopathy

FU Follow-up

HFrEF Heart failure with reduced ejection fraction
ICD Implantable cardioverter/defibrillator

ICM Ischemic cardiomyopathy

LBBB Left bundle-branch block

MT Medical therapy

MRA  Mineralocorticoid receptor antagonist
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OR QOdds ratio
RBBB Right bundle branch block
SCD Sudden cardiac death

Introduction

Heart failure patients with reduced ejection fraction
(HFrEF) are at increased risk for arrhythmic events and
sudden cardiac death (SCD) [1, 2], and its prevention has
been a clinical subject of interest for more than 25 years
[3-5]. Implantable cardioverter/defibrillator (ICD) device
therapy has been shown to reduce SCD and all-cause mor-
tality in primary [6-8] and secondary [9—12] prevention.
The guidelines of the European Society of Cardiology
(ESC) [13, 14] and the American College of Cardiology
Foundation/American Heart Association (ACCF/AHA)
[15] give class 1 recommendations for implantation of ICD
devices for primary prevention in symptomatic (NYHA II-
III) HFrEF patients with EF <35% despite optimal medical
therapy for >3 months.

The etiology of heart failure thus far is not of immedi-
ate concern for ICD indication. Although some authors
believe patients with ischemic cardiomyopathy (ICM) to
be at greater risk of arrhythmic events [13, 16], other stud-
ies have found equal hazards [17, 18]. While there is strong
evidence in ICM demonstrating ICD benefits in primary
prevention [6, 7, 19], randomized trial data in dilated car-
diomyopathy (DCM) patients have been limited to small
trials and subgroup analyses. Based on meta-analyses [16,
20], guidelines give IA (ACCF/AHA) [15] and IB (ESC)
[13, 14] recommendations for primary prevention until
now.

The recent publication of the DANISH trial [21] has
evoked discussion about this recommendation, as it showed
no mortality benefit of ICD therapy for primary prevention
in HFrEF patients with DCM. Since this study has substan-
tially altered the available evidence in this field, we here
aimed to present an updated meta-analysis and systematic
review of current randomized data on ICD therapy for pri-
mary prevention in DCM patients.

Materials and methods
Data sources and search strategy

This meta-analysis was performed according to established
methods recommended by the Cochrane guidelines [22]
and in compliance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment for conducting systematic reviews and meta-analyses
in health care interventions [23].
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We performed a systematic literature search of Eng-
lish articles published until September 10th 2016 in the
medical databases of MEDLINE, EMBASE, Google
Scholar, Web of Science and the Cochrane Controlled
Trials Register. Search terms according to medical sub-
jects headings included: dilated cardiomyopathy, inter-
nal cardioverter defibrillator, defibrillator, ICD, DCM,
primary prevention, heart failure, sudden cardiac death,
cardiac resynchronization therapy and CRT. A bibliogra-
phy search within landmark articles, meta-analyses and
guidelines of cardiac societies on the subject was addi-
tionally performed. Relevant citations were screened at
the title/abstract level and retrieved as full-text reports.

Study design, selection criteria and outcome measures

This meta-analysis was designed to compare survival
after ICD implantation for primary prevention of sudden
cardiac death to medical therapy in patients with dilated
cardiomyopathy and heart failure with severely reduced
left ventricular ejection fraction<35%. All prospective
randomized controlled trials in this patient population
comparing ICD implantation to a conservative strategy of
medical therapy with a minimum follow-up of 24 months
and reporting all-cause mortality were eligible for inclu-
sion. Exclusion criteria were: (1) non-randomized study;
(2) less than 24 months of follow-up; (3) secondary pre-
vention study; (4) no full-text available; (5) article not in
English language.

The primary clinical endpoint was all-cause mortality;
secondary endpoints were cardiovascular mortality, sud-
den cardiac death and non-cardiac mortality.

Data abstraction and quality assessment

The most updated or inclusive data for each study were
used for abstraction. An independent investigator (YL),
who was not personally involved in any of the included
trials, performed the primary data abstraction from each
report into pre-specified forms. Data were abstracted
according to the intention-to-treat principle. Due to lack
of reporting, data on the amiodarone group in SCD-HeFT
[19] was extracted from the Kaplan—Meier curve. Internal
validity was independently appraised by three investiga-
tors (GW, AK, VS); divergences were resolved by dis-
cussion in the group (GW, AK, YL, HM, AF, VS). Bias
assessment was performed based on the Cochrane Hand-
book recommendations [22].

Sensitivity analyses were performed to ascertain valid-
ity of the meta-analysis results.
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Statistical analyses

Odds ratios (OR) and 95% confidence intervals (CI) were
used as summary statistics. Heterogeneity was assessed by
the Cochran’s Q test, and statistical heterogeneity was sum-
marized by the I? statistic, which quantifies the percent of
variation in study results that is due to heterogeneity rather
than to chance [24]. 2 values >20% indicate substantial het-
erogeneity, which prompted the use of the more conserva-
tive DerSimonian and Laird random-effects model [22, 25],
instead of the otherwise used fixed-effects model.

A two-tailed p value <0.05 for summary odds ratios was
assumed to indicate statistical significance. Review man-
ager, version 5.3 (The Nordic Cochrane Centre, Copenha-
gen, Denmark), and Microsoft Excel were used for statisti-
cal analyses.

Results
Study selection and patient populations

The process of article screening and selection is described
in a PRISMA flowchart (Fig. 1). Of a total of 5167 articles
retrieved from the primary searches using pre-specified
keywords, 4286 were excluded on the basis of title/abstract
and another 801 after article screening. After a detailed
evaluation of the remaining 80 articles, 75 were excluded
for unmet inclusion criteria.

Five prospective randomized controlled trials pub-
lished between 2002 and September 2016 were finally

included in the meta-analysis (Table 1): the amiodarone
vs implantable cardioverter—defibrillator trial (AMIO-
VIRT) [26], the cardiomyopathy trial (CAT) [8], the Dan-
ish study to assess the efficacy of ICDs in patients with
non-ischemic systolic heart failure on mortality (DAN-
ISH) [21], defibrillators in non-ischemic cardiomyopathy
treatment evaluation (DEFINITE) [27] and the sudden
cardiac death in heart failure trial (SCD-HeFT) [19].

Patient baseline characteristics of all available trials
are shown in Table 2. Details on patients in SCD-HeFT
were taken from the overall population, as the authors
did not report details for the subpopulation of nonis-
chemic patients. SCD-HeFT mortality in DCM patients
was not directly reported and thus abstracted from the
Kaplan—Meier curve and secondary literature [16]. Of
a total of 2992 patients (mean age 61 years, 74% male,
mean EF 24%), 1284 were allocated to ICD implanta-
tion and compared to 1708 patients treated with medical
therapy only. Median follow-up ranged from 24 months
(AMIOVIRT [26]) to 68 months (DANISH [21]). Patient
enrollment varied from 1991-1997 (CAT) to 2008-2014
(DANISH). Largest studies were DANISH (1116
patients) and SCD-HeFT (1211), while AMIOVIRT and
CAT were smallest (103/104 patients, respectively).

The risks of bias of the included studies are summa-
rized in Table 5. Overall, bias is mainly derived from
incomplete blinding or failure of blinding reporting,
while the study quality in general was very high.

Fig. 1 Flow diagram of study
selection process: 5167 records
retrieved from primary searches
were evaluated and condensed

Records identified in
literature search
(n =5167)

Heart failure + Defibrillator (5167)

to five relevant trials, which

Records excluded on the

A4

were finally included in the
meta-analysis

basis of title and/or abstract,
(n =4286)

(n = 881)

Trials assessed according
to the selection criteria

(Nonischemic systolic heart failure [Title/Abstract]) AND (defibrillator [Title/Abstract]) (3)
(Congestive heart failure [Title/Abstract]) AND (defibrillator [Title/Abstract]) (371)
(Dilated cardiomyopathy [Title/Abstract]) AND (defibrillator [Title/Abstract]) (507)

Duplicates, editorials, reviews,

A4

meta-analyses exclusion, in
vitro studies (n = 801)

Studies retrieved for
detailed evaluation
(n=80)

(Nonischemic systolic heart failure [Title/Abstract]) AND (defibrillator [Title/Abstract]) (2)
(Congestive heart failure [Title/Abstract]) AND (defibrillator [Title/Abstract]), filter clinical trials (42)
(Dilated cardiomyopathy [Title/Abstract]) AND (defibrillator [Title/Abstract]), filter clinical trials (36)

Studies/arms excluded according to explicit

v

selection criteria (n = 75)
*non-randomized design (n = 3)

analysis
(n=5)

Studies included in meta-

*trials comparing excluded treatments (n= 23)
*Abstract not reporting data of interest (n= 40)
*substudy analyses (n = 9)
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Table 1 Characteristics of included studies

Study Year Journal Enrollment Patients Comparison FU (months) Outcomes

AMIOVIRT [26] 2003 JACC 19962000 103 ICD vs Amiodarone 24 Mortality, SCD, non-SCD, non-cardiac
death, QOL, arrhythmia-free survival,
heart transplant

CAT [8] 2002 Circulation 1991-1997 104 ICD vs MT 66 Mortality, SCD, cardiac death, heart trans-
plant

DANISH [21] 2016 NEJM 2008-2014 1116 ICD vs MT 68 Mortality, CVD, SCD, resuscitated CA/sust.
VT, CA, DI, bleeding, app./inapp. shocks

DEFINITE [27] 2004 NEJM 1998-2002 458 ICD vs MT 29 Mortality, SCD, cardiac death, non-cardiac
death, app./inapp. shocks

SCD-HeFT [19] 2005 NEIM 1997-2001 1211 ICD vs 46 Mortality

MT vs Amiodarone

ICDinternal cardioverter/defibrillator, MTmedical treatment, FUfollow-up, CVD cardiovascular death, SCD sudden cardiac death, CA cardiac
arrest, DI device infection, QOL quality of life

Table 2 Baseline patient characteristics of included studies

Study Age (years) Male (%) HTN (%) DM (%) EF (%) NYHA >3 (%) Symptom dura-  CRT (%)
tion (months)

AMIOVIRT [26] 59 71 63 34 23 20 39 n/a

CAT [8] 52 80 n/a n/a 24 35 3 n/a

DANISH [21] 64 73 32 19 25 46 19 58%

DEFINITE [27] 58 71 n/a 23 21 21 34 0

SCD-HeFT [19]* 60 77 56 31 25 n/a n/a 0

Weighted mean 61 74 45 25 24 37 23 n/a

HTNhypertension, DM diabetes mellitus, EF median (left ventricular) ejection fraction, NYHA New York heart association classification of dysp-

nea, n/anot available

* Details on baseline characteristics for SCD-HeFT patients with DCM were not available from the published report, which is why we here
report details of the overall mixed population of ICM and DCM patients

Primary endpoint all-cause mortality in patients
with ICD compared to medical therapy

SCD-HeFT [19] and DANISH [21] trials both contrib-
uted~40% of study weight to the pooled analysis. The
summary odds ratio showed a significant reduction in all-
cause mortality in patients with ICD compared to medical
therapy only (OR 0.77, CI 0.64-0.93; 2=0%; p=0.006;
Fig. 2a). Statistical heterogeneity was low between trials,
allowing use of the fixed-effects model.

Sensitivity analyses

Selective exclusion of trials was performed to determine
the impact of singular studies on overall results (Fig. 3).
SCD-HeFT [19] was the only trial advocating a sig-
nificant advantage of ICD over medical therapy on its
own, while the other four studies showed no significant
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differences. Due to its study weight of 38.7%, exclusion
of SCD-HeFT resulted in loss of significant difference
in the pooled analysis (Fig. 3b), while exclusion of any
other study had no effect on overall results (Fig. 3a, c—e).

Two studies explicitly included patients under ami-
odarone therapy (AMIOVIRT [26] and SCD-HeFT [19]).
To exclude outcome-relevant antiarrhythmic effects of
amiodarone in these patients, we performed a sensitivity
analysis excluding the SCD-HeFT amiodarone group and
AMIOVIRT trial. The summary odds ratio was similar to
overall results (OR 0.79, CI 0.65-0.96; 2=0%; p=0.02;
Fig. 2b). In an analysis of these two amiodarone groups
compared to ICD treatment, we found an advantage of
device therapy comparable to the results of ICD vs MT
(OR 0.65, CI 0.47-0.92; ?=0%, p=0.01; Fig. 2c), albeit
with heavy weight on the SCD-HeFT group (92.7%).

Additional analysis with the more conservative ran-
dom-effects model [25] did not lead to any change of
results.
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(A) All-cause mortality

(Odds Ratio Odds Ratio

Study or Subgroup Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

AMIOVIRT, JACC 2003 2.4% 0.86[0.27,2.74]

CAT, Cire 2002 4 8% 0.76[0.33,1.80]

DAMISH, MEJM 2016 40.3% 0.90[0.68,1.19] ——

DEFINITE, MEJM 2004 13.8% 0.66[0.39,1.11] —

SCD-HeFT, MEJM 2005 38.7% 0.66[0.48, 0.91] ——

Total {95% CI) 100.0%  0.77 [0.64, 0.93] 3

Total events

Heterogeneity: Chi*=2.43, df=4 (P = 0.66), F=0% l:|=2 I:|=5 é é

Test for overall effect: £=2.77 (P = 0.0086) Favours [ICD] Favours [MT]
(B) Sensitivity analysis: All-cause mortality without amiodarone in control group

Odds Ratio Odds Ratio

Study or Subgroup Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI

CAT, Cire 2002 a.5% 0.76[0.33,1.80]

DAMNISH, MEJM 2016 46.5% 0.90[0.68, 1.19] ——

DEFIMITE, MEJM 2004 16.0% 0.66[0.39,1.11] —

SCD-HeFT, MEJM 2005 32.0% 0.69[0.48, 0.99] —

Total (95% CI) 100.0% 0.79 [0.65, 0.96] <4

Total events

Heterogeneity: Chi*=1.84, df= 3 (P = 0.61); F= 0% IJ:E' Ellﬁ é é

Testfor overall effect £2=2.35 (P =0.02) Favours [ICD] Favours [MT]

(C) Sensitivity analysis: All-cause mortality in groups/trials comparing ICD to amiodarone therapy

Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
AMIOVIRT, JACC 2003 7.3% .86 [0.27, 2.74]
SCD-HeFT, NEJM 2005 92.7% 0.64 [0.45, 0.91] —.—
Total (95% Cl) 100.0% 0.65 [0.47, 0.92] —ailfi-—
Total events
Heterogeneity: Chi®=0.23, df=1 (P = 0.63); F= 0% t t t t
. 0.z 0s 2 a
Testfor overall effect. £2=2.45 (P =0.01) Favours ICD] Favours [Amiodarone]

Fig. 2 Individual and summary odds ratios for the primary endpoint
of all-cause mortality in studies comparing ICD vs medical therapy.
a All-cause mortality in all included trials, b sensitivity analysis of

Secondary endpoints in ICD vs MT
Cardiovascular death

Four trials [8, 21, 26, 27] involving 1781 patients reported
cardiovascular death, with the majority of analysis weight
on the DANISH study ([21], 84%). No singular trial
showed a statistically significant benefit of ICD implanta-
tion for cardiovascular mortality. Pooled meta-analysis
showed no statistically significant mortality reduction in

trials without amiodarone, ¢ sensitivity analysis of groups/trials
comparing ICD to amiodarone therapy. M—H Mantel-Haenszel; P2
describes heterogeneity among studies

the ICD group (OR 0.83, CI 0.62-1.12; P=0%; p=0.23;
Fig. 4a).

Sudden cardiac death

Four trials with a total of 1781 patients reported data on
sudden cardiac death, two of them (DEFINITE and DAN-
ISH [21, 27]) being statistically in favor of ICD implan-
tation. CAT was not estimable due to zero event rates
[8]. The pooled analysis showed a significant reduction

@ Springer



506 Clin Res Cardiol (2017) 106:501-513

(A) Exclusion of DANISH

Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
AMIOVIRT, JACT 2003 4.0% 0.86[0.27, 2.79]
CAT, Circ 2002 8.0% 0.76[0.33,1.80] — T
DAMISH, MEJM 2016 0.0% 0.90[0.68,1.149)]
DEFIMITE, NEJM 2004 23.2% Q.66 [0.39,1.11] — &
SCD-HeFT, MEJM 2005 G4 8% 0.66[0.48, 0.91] ——
Total (95% CI) 100.0%  0.68 [0.53, 0.87] <
Total events
Heterogeneity: ChF:' 026, df=3{F=0497); F=0% Df1 ufz DTS ﬁ é 1'EI
Testfar overall effect: £=3.02 (P =0.003) Favours [ICD] Favours [control]
(B) Exclusion of SCD-HeFT
Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
AMIOVIRT, JACTC 2003 3.9% 0.86 [0.27, 2.75]
CAT, Circ 2002 T.8% 0.76[0.33,1.80] e R
DAMISH, MEJM 2016 65.7% 0.90[0.68,1.19] i
DEFIMITE, NEJM 2004 22 6% 0.66[0.39,1.11] — &
SCD-HeFT, MEJM 2005 0.0% Q.66 [0.48, 0.91]
Total (95% CI) 100.0%  0.83 [0.66, 1.05] <
Total events
Heterogeneity: Chl’=. 112, df=3{FP=077); F=0% 0 0= 0’5 ! : 10
Testfor overall effect £Z=153(F=013 Favours [ICD] Favours [control]
(C) Exclusion of DEFINITE
Odds Ratio Odds Ratio
Study or Subgroup Weight WM-H, Fixed, 95% CI M-H, Fixed, 95% CI
AMIOVIRT, JACC 2003 2.8% 0.86[0.27, 2.78]
CAT, Circ 2002 5.5% 0.76[0.33,1.80] e
DAMNISH, MEJM 2016 46.8% 0.90[0.68,1.149)] ——
DEFIMITE, MEJM 2004 0.0% Q.66 [0.39,1.11]
SCD-HeFT, MEJM 2005 44 9% 0.66[0.48, 0.91] ——
Total (95% CI) 100.0%  0.79 [0.64, 0.96] L 2
Total events
Heterogeneity: Chl’=. 204 df=3{F=0487)F=0% IZIT1 sz I:Ifﬁ ﬁ é 110
Testfor overall effect £=236(F =002 Favours [ICD] Favours [control]

Fig. 3 Individual and summary odds ratios for the primary endpoint of all-cause mortality in sensitivity analyses with study exclusion of singu-
lar studies (a—e). M—H Mantel-Haenszel; 12 describes heterogeneity among studies

in the summary odds for patients with ICD (OR 0.43, CI  were not statistically different between groups (OR 1.18, CI
0.27-0.69; ?=0%; p=0.0004; Fig. 4b). 0.76-1.83; P=0%; p=0.47; Fig. 4c).

Non-cardiac death
Medical therapy details
Three trials involving 1323 patients reported non-cardiac
death, once more with the majority of the study weight on =~ Medical therapy for heart failure of all included trials is
DANISH [21]. The summary odds for non-cardiac death  presented in Table 3.

@ Springer



Clin Res Cardiol (2017) 106:501-513

507

(D) Exclusion of AMIOVIRT

Odds Ratio
Study or Subgroup

Weight M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

AMIOVIRT, JACC 2003 0.0% 0.86 [0.27, 2.74]
CAT, Circ 2002 4.9% 0.76[0.33,1.80]
DAMISH, MEJM 2016 41.3% 0.90[0.68,1.149]
DEFIMITE, MEJM 2004 14.2% 0.66 [0.39, 1.11]
SCD-HeFT, MEJM 2005 39.6% 0.66 [0.48, 0.91]
Total {95% CI) 100.0%  0.77 [0.63, 0.93]

Total events
Heterogeneity: Chi®= 2,40, df=3 (P =0.49); F=0%
Test for overall effect: £= 2.76 (P = 0.006)

(E) Exclusion of CAT

Odds Ratio
Study or Subgroup

Weight M-H, Fixed, 95% Cl

01 0.2 05 2 5 10
Favours [ICD] Favours [control]

Odds Ratio
M-H, Fixed, 95% Cl

AMIOVIRT, JACT 2003 2.8% 0.86 [0.27, 2.758]
CAT, Circ 2002 0.0% 0.76 [0.33,1.80]
DAMISH, MEJM 2016 42.3% 0.90[0.68,1.19]
DEFIMITE, NEJM 2004 14.5% 0.66[0.39,1.11]
SCD-HeFT, NEJM 2004 40.6% 0.66 [0.48, 0.91]
Total (95% Cl) 100.0%  0.77 [0.63, 0.93]

Total events
Heterogeneity: Chi®=2.43, df= 3 (P =0.49); F=0%
Test for overall effect: £=2.70 (P =0.007)

R

+

L

01 0.2 0.5 2 5 10
Favours [ICD] Favours [control]

Figure 3: Individual and summary odds ratios for the primary endpoint of all-cause mortality in
sensitivity analyses with study exclusion of singular studies (A-E). M-H=Mantel-Haenszel; 1> describes

heterogeneity among studies.

Fig. 3 (continued)

While treatment with angiotensin-converting enzyme
inhibitors (ACEI)/angiotensin receptor blockers (ARB)
or diuretics was consistently used in a large majority of
patients, betablocker (BB) usage differed substantially
between studies (4-92%), as well as therapy with min-
eralocorticoid receptor antagonists (MRA). Details on
medical therapy for SCD-HeFT patients with dilated
cardiomyopathy were not available from the published
report, which is why we reported details of the overall
mixed population of ICM and DCM patients.

Cardiac resynchronization therapy (CRT) devices for
eligible patients were used in the DANISH [21] trial,
while all other included trials resorted to ICD devices
only. In DANISH, 58% of patients in intervention as
well as control group were treated with CRT.

Arrhythmia, shock therapy and device-related
complications

Available data for arrhythmia and shock therapy of all
included trials are presented in Table 4.

Four of the included trials [8, 21, 26, 27] reported rates
of appropriate ICD shock therapy. When normalized to
study patient count and follow-up duration, average appro-
priate shock therapy per patient and month of FU was
lowest in DANISH [21] with 0.2% shocks per patient and
month, and highest in AMIOVIRT [26] with 1.3 shocks per
patient and month. Interestingly, inappropriate shock ther-
apy was frequent, accounting for 1/3 of shocked patients
in DANISH [21] and more than %2 of shocked patients in
DEFINITE [27].
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(A) Cardiovascular death in patients with ICD vs MT

(Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
AMIOVIRT, JACC 2003 4 7% 0.80[0.20,317]
CAT, Circ 2002 0.8% 10.55([0.55 201.10] +
DAMISH, MEJM 2016 g84.0% 0.79[0.87,1.09)] ‘.
DEFIMNITE, MEJM 2004 10.9% 0.81[0.33, 2.00] S
Total (95% Cl) 100.0% 0.83[0.62,1.12] <4
Total events
Heterogeneity; Chi®= 2.98, df= 3 (P = 0.40%; F= 0% IZI.=05 DFE é QID

Test for overall effect £2=1.21 {P=0.23)

(B) Sudden cardiac death in patients with ICD vs MT

Favours [ICD] Favours [MT]

Odds Ratio Odds Ratio
Study or Subgroup Weight WM-H, Fixed, 95% CI M-H, Fixed, 95% CI
AMIOVIRT, JACC 2003 33% 0.50 [0.04, 5.69]
CAT, Circ 2002 Mot estimahle
DAMISH, NEJM 2016 71.6%  0.50(0.30,0.84] i
DEFIMNITE, MEJM 2004 23.2% 0.20 [0.06, 0.72] . E—
Total (95% Cl) 100.0%  0.43 [0.27, 0.69] <
Total events
Heterogeneity: Chi*=1.73, df =2 (P =042, F=0% o1 01 A 100

Test for overall effect Z=3.47 (P =0.0004)

(C) Non-cardiac death in patients with ICD vs MT

Favours [ICD] Favours [MT]

Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
ARMIOVIRT, JACC 2003 8.2% 1.02[0.14, 7.53]
CAT, Circ 2002 3.9% 0.351[0.01, 8.87]

DAMISH, NEJM 2016 90.9% 1.22[0.77,1.93]

Total (95% CI) 100.0%  1.18 [0.76, 1.83]
Total events

Heterogeneity: Chif= 048, df =2 {F=079); F=0%
Testfor overall effect Z=072 (P=0.47)

0.01 0.1 1 10 100
Favours [ICD] Favours [MT]

Fig. 4 Individual and summary odds ratios for secondary endpoints in studies comparing ICD vs medical therapy. a Cardiovascular death; b
sudden cardiac death; ¢ non-cardiac death. M—H Mantel-Haenszel; I? describes heterogeneity among studies

Four of the included trials [8, 19, 21, 27] reported
device-related complications (Table 4). However, reports
were very inconsistent between trials and obtainable
information was scarce, limiting analysis severely. We
can conclude that roughly 5-10% of implanted patients
experienced longer-term device-related complications
(Table 4).
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Discussion

The present article—to the best of our knowledge—rep-
resents the most updated pooled analysis and systematic
review of randomized trials comparing clinical outcomes
in patients with dilated cardiomyopathy after primary
prevention ICD implantation compared to medical
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Table 3 Medical therapy details of included studies

Study BB (%) ACEI/ARB  MRA (%) Amiodarone (%) Diuretics (%) Digitalis (%) Ca>*B (%)
(%)

AMIOVIRT [26] 52 86 20 100/0 69 69 n/a

CAT [8] 4 96 n/a n/a 87 81 12

DANISH [21] 92 97 58 6 n/a n/a n/a

DEFINITE [27] 85 97 n/a 5 87 42 n/a

SCD-HeFT [19]* 69 97 20 n/a 82 70 n/a

Weighted mean 77 97 37 n/a 83 64 n/a

BBbetablocker, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, MRA mineralocorticoid receptor antagonist,

Ca** B calcium channel blocker, n/a not available

* Details on medical therapy for SCD-HeFT patients with DCM were not available from the published report, which is why we here report

details of the overall mixed population of ICM and DCM patients

Table 4 Arrhythmia, shock therapy and device-related complications in ICD groups of included studies

Study FU (months) Appropr. Inappropr. ATP (patients) Appr. shock per Device-related complications
shock shock patient and month of
(patients) (patients) FU (%)
AMIOVIRT [26] 24 16 n/a n/a 1.3 n/a
CAT [8] 66 11 n/a n/a 0.3 During first 24 months 7% electrode
dislocation/defects, 2x infections,
1x perforation
DANISH [21] 68 64 33 97 0.2 Intervention and control group (58%
CRT) 75% device infections/seri-
ous infections; 1x bleeding; 17X
pneumothorax
DEFINITE [27] 29 41 49 n/a 0.6 3% acute and 10X (4.4%) chronic
complications: 6X electrode dislo-
cation/defects, 3x venous thrombo-
sis, 1 infection
SCD-HeFT [19] * 46 177 82 n/a 0.3 5% acute and 9% chronic complica-

tions (requiring surgery, hospitaliza-
tion, drug therapy)

ATP antitachycardia pacing, FU follow-up, n/anot available

* Details on shock therapy for SCD-HeFT patients with DCM were not available from the published report, which is why we here report details

of the overall mixed population of ICM and DCM patients

therapy. Our main findings are: (a) overall results show
reduced odds for all-cause mortality in favor of ICD ther-
apy; (b) sudden cardiac death is reduced by ICD therapy,
while cardiovascular death and non-cardiac death are not
different; (c) amiodarone treatment appears to be inferior
to ICD implantation in reducing mortality risk.
Compared to primary prevention ICD therapy for ICM
HFrEF patients, which has already been well evaluated
[6, 7, 19], the guideline recommendation in DCM has
been based on a subgroup analysis of the SCD-HeFT
trial and meta-analyses alone [16, 20], since no dedi-
cated clinical trial has thus far shown a survival benefit
on its own. DANISH was designed to provide this addi-
tional information with a projected mortality advantage
of 25%; however, its results left us with more questions

than answers in this regard, as it did not show significant
differences with the included patient count.

Our main analysis of all-cause mortality adds the DAN-
ISH data to a wider perspective for the first time. While
DANISH did not yield an all-cause mortality reduction, the
pooled analysis of all five randomized trials shows a clear
survival benefit of ICD therapy for primary prevention in
DCM heart failure patients (OR 0.66, p=0.006), compara-
ble to the results of previous meta-analyses on the subject
[16, 20]. The analyzed data set is statistically homogenous
(I?=0) and all trials—including DANISH—tend toward
mortality reduction by ICD, which gives confidence in the
validity of the cumulative analysis result. The result was
driven mainly by a strong reduction in sudden cardiac death
(OR 0.43 in favor of ICD), while cardiovascular death and
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non-cardiac death showed no differences (Fig. 4). This dis-
plays that SCD—although frequent with ~30% [3]—is not
the most common cause of death in heart failure patients
with DCM. The robustness of our analysis is further backed
by the performed sensitivity analyses.

The only study comparable in size to the DANISH trial
thus far was SCD-HeFT, which showed survival benefits
of ICD therapy compared to medical therapy in 2005. The
DANISH authors attributed the observed difference in
study outcomes to improvement of heart failure therapy
and increasing use of CRT in these 10 years since enroll-
ment for SCD-HeFT.

Optimal medical heart failure therapy including the first-
line use of betablockers (BB, [28, 29]), angiotensin-con-
verting enzyme inhibitors (ACEI, [30, 31]) and mineralo-
corticoid receptor antagonists (MRA, [32, 33]) has proven
its benefits for prevention of SCD, reducing all-cause mor-
tality and worsening heart failure. Indeed, the DANISH
population has the greatest adherence to current guide-
line-directed pharmacologic therapy, as shown in Table 3
(92% BB, 97% ACEI/ARB and 58% MR). While ACEl/
ARB therapy was consistently frequent in all trials with
a weighted mean of 97%, BB usage differed, especially
between DANISH and SCD-HeFT. In addition, Digoxin is
slowly removed from standard heart failure therapy [13],
while it was still a prominent drug in AMIOVIRT, CAT
and SCD-HeFT and thus may have impacted on clinical
outcomes. New pharmacologic treatments such as angio-
tensin receptor neprilysin inhibitors (ARNI [34]) and funny
channel inhibitors [35, 36] have shown promising results in
recent trials and have subsequently received guideline sup-
port [13], but have not found their way into ICD studies yet
and thus were not part of the current analysis.

Two sensitivity analyses were performed on the effect
of amiodarone therapy, which did not reveal an amiodar-
one benefit in HFrEF patients with DCM. The analysis of
amiodarone therapy vs ICD (Fig. 2¢) in SCD-HeFT and
AMIOVIRT showed an advantage of ICD therapy on sur-
vival (p=0.01), although with heavy weight on the SCD-
HeFT populations (92.7% weight). Moreover, removal of
amiodarone treatment groups from the overall all-cause
mortality analysis did not change the results either (p =0.02
in favor of ICD; Fig. 2b). This is in line with current ESC
guideline recommendations, which do not support ami-
odarone in patients with HFrEF for primary prevention of
arrhythmic death [13].

Cardiac resynchronization therapy receives Class I rec-
ommendations in current ESC [13, 14] and ACCF/AHA
[15] heart failure guidelines for patients with symptomatic
heart failure with EF <35% and QRS duration >150 ms in
sinus rhythm for symptom relief and reduction of morbid-
ity and mortality, and the newest update of the 2016 ESC
guidelines also gives a class IB recommendation to CRT
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in patients with >130 ms with left bundle-branch block
(LBBB) morphology. CRT has been shown to improve
symptoms and reduce mortality in eligible HFrEF patients
in several trials [37, 38] and meta-analyses [39—41], while
the effect on sudden cardiac death (SCD) remains uncertain
[38, 42]. CRT in addition to ICD therapy is also signifi-
cantly superior to ICD alone in MADIT-CRT [43]. Usage
of CRT devices in the five included trials was overall too
low to allow further analysis, with the DANISH trial being
the only study with a significant proportion (58%) of CRT
patients. This increases heterogeneity and is a limitation of
the current analysis, but may explain improved outcomes in
the DANISH control group.

There is ongoing discussion about appropriate selection
of patients for ICD implantation based on patient age. The
DANISH subgroup of patients <59 years of age showed a
significant ICD benefit, whereas overall analysis of patients
with mean age of 64 years did not. While this increase in
ICD benefit in younger patients appears plausible, results in
elderly patients are inconsistent in previous studies [44—46]
and thus need to be interpreted with care. Guidelines do not
recommend ICD implantation in patients with a life expec-
tancy of less than 1 year [13, 15]. However, they leave the
decision about device therapy in special age groups to the
treating physician.

Our review suggests attenuation—but not loss—of ICD
therapy effect size compared to MT by addition of DAN-
ISH data. Contemporary CRT and pharmacological therapy
benefits compared to older trials may partially explain this
result. The number-needed-to-treat in primary prevention
ICD device therapy is believed to be around six device
implantations for the prevention of one SCD in 5 years [47,
48], but DANISH suggests that this figure might not be
true anymore. If the observed trend through improvement
of medical therapy proves true in future trials, even more
advanced medication might someday make ICD device
therapy futile for primary prevention.

The main limitations of the current analysis lie in report-
ing bias of SCD-HeFT (Table 5; [19]): data on secondary
outcomes, patient characteristics and details on amiodarone
therapy (Tables 1, 2, 3, 4) were not available selectively for
DCM patients, which weakens interpretation. While being
a necessity of the current analysis, the long time period
between CAT and DANISH enrollment and the observed
change in medical therapy additionally limits the analysis
and calls for contemporary trials to answer the questions
DANISH has evoked.

Conclusion

ICD device therapy for primary prevention in heart fail-
ure patients with dilated cardiomyopathy shows all-cause
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Table 5 Bias assessment of included studies, according to the Cochrane recommendations [22]
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mortality benefits in our pooled analysis of all randomized
controlled trials to date and thus supports current guide-
line recommendations. Recently published DANISH data,
however, suggest an attenuation of ICD benefit compared
to modern medical and cardiac resynchronization therapy.
As special patients (age) groups potentially profit variably
from device therapy, a careful therapy selection is man-
datory to gain an optimal risk/benefit ratio for the patient.
However, until the DANISH evidence is confirmed in ade-
quately powered randomized trials with modern medical
treatment, ICD therapy should remain the therapy of choice
for primary prevention of sudden cardiac death in dilated
cardiomyopathy.
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