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Abstract

Implantable cardioverter-defibrillator (ICD) has shown to reduce sudden cardiac death and overall mortality in patients with
dilated cardiomyopathy. The recently published DANISH trial has shown conflicting outcomes on the long-term survival in
patients with prophylactic implantation of ICD in Non-Ischemic Cardiomyopathy (NICM). Two independent reviewers searched
MEDLINE, PUBMED, Ovid, CINAHL, clinicaltrials.gov, and Cochrane Registry for randomized control trials (RCT’s)
comparing ICD to medical treatment (MT). Six RCT’s enrolling 3389 patients (ICD = 1554 and MT = 1835) were included
for final analysis. The primary outcomes were mortality comparing ICD to MT, 231 vs 337 (OR =0.74, C1=0.62-0.90, p =0.
002, and I>=0%) favoring ICD. On comparing to amiodarone only, there were 47 deaths in the ICD arm vs 71 deaths in
amiodarone arm, (OR =0.66, CI=0.44-0.98, p =0.04, ? 0%), to placebo and usual care only (excluding amiodarone); there
were 225 deaths in ICD patients compared to 266 in the placebo and usual care arm, (OR =0.73, CI =0.59-0.92, p =0.007, I’ =
15%). The results of our analysis from these six RCTs clearly support the ongoing benefit of prophylactic ICD implantation and
support current recommendations for ICD implantation in NICM patients. More RCT’s at a larger scale are needed to further
elucidate benefits of both ICD and CRT-D in this post PARADIGM era where MT is at a pinnacle in reducing morbidity and
mortality in heart failure patients.

Keywords Nonischemic cardiomyopathy - Sudden cardiac death - Implantable cardioverter-defibrillator - Meta-analysis -
Mortality - Survival

Abbreviations MT Medical treatment
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Introduction

According to 2016 statistical updates published by the
American Heart Association, there were roughly 5.7 mil-
lion Americans older than 20 years of age who had heart
failure in 2012, and this may be expected to rise to 46% by
2030 [1]. The prevalence of heart failure increases sharply
with age [2, 3]. Almost 50% of patients diagnosed with
heart failure die within five years of diagnosis [1, 4].
Historically, the two major causes of death in patients with
heart failure are sudden cardiac death (SCD) and progres-
sive pump failure [5, 6]. Nonsustained ventricular tachy-
cardia and other malignant arrhythmias, which include
sustained ventricular tachycardia and ventricular fibrilla-
tion, are not uncommon in patients with heart failure and
cardiomyopathy. Presence of heart failure significantly in-
creases overall mortality and SCD by five-fold, as shown
by 38 years follow-up of patients in the Framingham Heart
Study [7].

Mortality decline in heart failure patients is evident in
this day, and age has been credited to evidence-based man-
agement to modify heart failure risk factors and the use of
angiotensin-converting enzyme inhibitors (ACEi) or an-
giotensin receptor blockers (ARB), beta blockers, coronary
revascularization, implantable cardioverter-defibrillators

(ICDs), and cardiac resynchronization therapy (CRT) [8].
Primary prevention from SCD due to malignant arrhyth-
mias is well established both in ischemic cardiomyopathy
(ICM) and nonischemic cardiomyopathy (NICM) with the
use of ICDs [9-12].

NICM accounts for 30-40% of heart failure patients, and
SCD accounts for approximately 30% of deaths in this pa-
tient population [13]. NICM has several etiologies, and treat-
ment varies significantly depending on its cause, as does
disease progression in particular subgroups [14]. Patients
with NICM are at high risk for malignant arrhythmias from
VT and VF which are the cause of almost 80% of SCD in
NICM [15]. The recently published DANISH trail by Kober
et al. suggested that the rate of SCD was lowered by 50%
with ICD therapy compared with those who received usual
care [16]. It is imperative to identify the true value of the
ICD in this specific patient populations with NICM that can
achieve the supreme benefit from ICD implantation by re-
ducing SCD and improving long-term survival, especially
considering the fact that total survival rates for out-of-
hospital sudden cardiac arrest episodes are less than 5% in
most industrialized countries [15].

Lately, multiple meta-analyses have been published in
attempt to answer a similar question raised by the DANISH
study, which showed no benefit on all-cause mortality in

Table 1 Characteristics of meta-analysis
Meta-analysis Studies Participants Results Conclusion
(n) (n)

2017 Wolff et al. 5 2992 Compared to MT, there was a significant mortality Available randomized evidence
reduction with ICD with decreased SCD but no showed ICD’s survival benefit
difference in cardiovascular and noncardiac death. for primary prevention in DCM
Sensitivity analyses showed no influence
of amiodarone therapy on overall results

2017 Stavrakis etal. 6 2967 ICD was associated with significant reduction in total Total mortality and arrhythmic
mortality as well as arrhythmic death compared to controls.  deaths decreased with ICD.

ICD also decreased total mortality in younger patients Benefit is age and concomitant

but not in older patients. Patients with CRT + ICD reduced ~ CRT use dependent

total mortality but not in patients with CRT alone

2017 Shun-Shin 11 8567 In patients who have NICM, ICD implantation significantly = Significantly reduced mortality
et al. reduced mortality by 24%. Similarly, patients with ICM, by 24% in ICM and NICM

ICD use was evident in reducing mortality by 24% may not need to discern between
etiologies to use ICD for primary
prevention

2017 Luni et al. 6 NR Statistically significant benefit was observed in patients There was net mortality benefit
with NICM with ICDs but there was no statistically in patients who are not on OMT,
significant benefit on mortality after sensitivity analysis especially ALD-RB
in patients who were on adequate beta blocker, ACE/ARB
and aldosterone receptor blocker (ALD-RB) use

2017 Al-Khatib et al. 4 1874 There was significant reduction in all-cause mortality Primary prevention with ICD

by 25% with ICD’s among patients with NICM

is efficacious in reducing
all-cause mortality in NICM

MT medical treatment, /CD implantable cardiac defibrillator, SCD sudden cardiac death, DCM dilated cardiomyopathy, CRT cardiac resynchronization
therapy, N/ICM nonischemic cardiomyopathy, /CM ischemic cardiomyopathy, ACE angiotensin-converting enzyme inhibitor, ARB angiotensin receptor
blocker, OMT optimal medical treatment, ALD-RB aldosterone receptor blocker, NR not reported
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patients with NICM, Table 1 [17-21]. Most recently pub-
lished meta-analyses by Al-Khatib et al. [21] used only
four studies while excluding the studies which compared
ICD to antiarrhythmic therapy including amiodarone. They
also excluded studies which used CRT-D in their analysis.
We made our analysis more vigorous as we included those
studies which used antiarrhythmic therapy including ami-
odarone and also used CRT-D and analyzed results from
available trials to seek an answer to the factual benefits of
ICD implantation compared to the medical treatment
(MT = amiodarone + placebo + usual care) or individually
to amiodarone or (placebo + usual care). We used amioda-
rone in our analysis as the most common cause of SCD is
arrhythmias. Our outcomes focused on all-cause mortality,
cardiovascular mortality, and SCD. Our study is more ro-
bust as we analyzed the benefits of ICD alone and CRT
defibrillator (CRT-D) alone vs medical treatment (MT) on
SCD or long-term survival.

Fig. 1 Study flow diagram:
selection of the studies for meta-
analyses. PRISMA Preferred
Reporting Items for Systematic
Reviews and Meta-Analyses

Method
Search strategy

Systematic review was completed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines, Fig. 1 [22].

Data sources We conducted a broad systematic review of
MEDLINE using PUBMED and Ovid, the Cochrane
Library Registry, and CINAHL databases from their begin-
ning through March 01, 2017, as well as clinicaltrials.gov
for the last 5 years. We used Medical Subject Headings
(MeSH) and keyword terms which included ICD¥*,
Implantable Cardioverter Defibrillator, CRT*, Cardiac
Resynchronization Therapy, Heart Failure, and
Cardiomyopath*. We searched only for clinical trials
which were in the English language. Our search was not

z PRISMA 2009 Flow Diagram for the Meta-analysis
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limited to any specific geographical location, the New
York Heart Association class of symptoms, or ventricular
ejection fraction. We used Boolean operator “OR” and
“AND” to combine search terms. The following search
strategy was used (ICD* OR “Implantable Cardioverter
Defibrillator” AND (CRT* OR “Cardiac
Resynchronization Therapy”) AND (“Heart failure” OR
cardiomyopath*). All studies were added to the endnote,
and duplicated studies were removed. An additional search
was done through the references of the Agency for
Healthcare Research and Quality for implantable defibril-
lator guide for primary prevention of sudden cardiac death
[23].

Study selection protocol Studies which met our following
inclusion criteria were eligible to be included. (1)
Prospective RCTs (2) comparing ICD or CRT-D implan-
tation to usual care or amiodarone for the primary preven-
tion of SCD in NICM (3) adult patients (age> 18 years).
We excluded those studies which were either
nonrandomized or did not compare the ICD or CRT-D
in the NICM population alone.

Data extraction quality assessment Two independent re-
viewers (W.J.S. and M.R.) did the literature search and
selected the studies. Data were extracted by four extrac-
tors (W.J.S., M.R., M.H.T., and V.M.) using the pre-
defined data fields which were used in individual studies.
W.J.S. cross-checked all the data to ensure that the data
was entered correctly. Using the MeSH terms and key-
words, a total of 537 studies were identified. After ex-
cluding duplications, 511 articles were recognized out of
which, 501 were excluded. Ten clinical trials were iden-
tified which compared ICD or CRT-D to usual care or
amiodarone for the primary prevention of SCD in NICM,
and their full texts were reviewed. Four studies were
excluded because they were nonrandomized trials. For
the final analysis, six prospective RCT’s were included
for meta-analysis as shown in PRISMA study flow dia-
gram (Fig. 1).

The primary endpoint was (1) reduction in all-cause
mortality after implantation of ICD or CRT-D compared
to MT (placebo, usual care, or amiodarone), (2) cumula-
tive mortality comparing amiodarone only to ICD and
CRT-D, and (3) cumulative mortality comparing placebo

Table 2  Baseline characteristics
2016 Keber 2005 Bardy 2004 Kadish 2004 Bristow etal. 2003 AMIOVIRT 2002 Bénsch
et al. DANISH etal. SCD-HeFT et al. DEFINITE COMPANION Strickberger et al. et al. CAT
n. NICM included 1116 1211 458 682 103 104
n.ICD/CRT-D 1116 1211 458 397 103 104
Study design Prospective, Prospective, Prospective, randomized, Prospective, Prospective, Prospective,
multicenter, multicenter, investigator-initiated multicenter multicenter multicenter
nonblinded nonblinded trial nonblinded nonblinded RCT nonblinded RCT
RCT RCT RCT
Country Denmark USA USA USA USA Germany
ICD MT ICD Pla. ICD MT CRT-D MT ICD MT ICD MT
n 556 560 398 394 229 229 270 127 51 52 50 54
F/u duration 67.6 67.6 45.5 45.5 29+14 29+ 14 15 15 2614 22417 554£22 55422
Age 56-72 5670  60.1 59.7 58.4 58.1 67 68 58+11 60+£12 52412  52+10
Male (%) 73 72 NR NR 72.5 69.9 NR NR 66 74 86 74
Mean/med EF % 25 25 24 25 20.9 21.8 22 22 22+10 23+8 24+6 25+8
DM - % 18 20 31 32 22.7 23.1 41 45 31 36 NR NR
A-Fib/AF — % 24 20 17 14 22.7 26.2 NR NR NR NR NR NR
NYHA II - % 53 54 NR NR 54.2 60.7 NR NR 64 63 66.7 64.1
NYHA 11 - % 45 45 NR NR 20.5 214 86 82 16 24 333 35.8
Medications
ACEI/ARB-% 96 94 94 98 97.3 96 90 89 90 81 94 98.1
BB-% 92 92 69 69 85.6 84.3 68 66 53 50 4 3.7
RBBB - % NR NR NR NR 3.5 3.1 10 9 16 8 7.7 0
LBBB - % NR NR NR NR 19.7 19.7 73 70 42 54 84.6 81.8

NICM nonischemic cardiomyopathy, /CD implantable cardioverter-defibrillator, Pla. placebo, MT medical treatment, F/u follow-up, DM diabetes
mellitus, AF atrial fibrillation, A. Flutter atrial flutter, HF heart failure, Mo months, NYHA New York Heart Association, ACEi/ARB angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker, BB beta blocker, RBBB right bundle branch block, LBBB left bundle branch block, NR not

reported
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and usual care to ICD and CRT-D. Secondary outcomes
analyzed were (1) cumulative mortality in ICD group only
compared to MT, (2) cumulative mortality in the CRT-D
only compared to MT, (3) all-cause cardiovascular mor-
tality comparing ICD and CRT-D to MT, and (4) effect on
SCD of ICD and CRT-D vs. MT. We used odds ratios to
calculate mortality.

Data synthesis and analysis

Statistical method We used RevMan Version 5.3 Copenhagen
to analyze our data and perform the meta-analysis.
Random effect model was used for the analysis consider-
ing that most of the studies were performed at the begin-
ning of the millennium, and one was performed within the
last decade. Studies that we included in our analysis are
the DANISH Study by Kober et al. [16], SCD-HeFT study
by Bardy et al. [24], DEFINITE trial by Kadish et al. [25],
COMPANION trial by Bristow et al. [26], AMIOVIRT by
Strickberger et al. [27], and the CAT trial by Béansch et al.
[28]. Their baseline characteristics and salient features are
summarized in Tables 2 and 3. Quality assessment of

individual studies using the Cochrane risk of bias is sum-
marized in Table 4.

Analysis of heterogeneity We calculated the percentage of
variability that was present inter-study (between studies)
and intra-study (within each study) by using I* statistics.
We calculated trial heterogeneity with RevMan Version
5.3 Copenhagen. I? value of >50% was considered to be
substantial as it is explained in the Cochrane Handbook
for Systematic Reviews for Interventions, (Version 5.1.0,
Part 2: General Methods for Cochrane Reviews) [29].
Sensitivity analysis was performed on outcomes where
substantial heterogeneity was present.

Funding and affiliation There was no funding for this study,
and there is no affiliation with any industry.
Results and outcomes

A total of six randomized clinical trials were identified, and
only patients with NICM were included in our analysis. A

a ICD/CRT-D MT Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bardy et al SCD-HeFT 41 398 120 813 25.2% 0.66 [0.45, 0.97] =
Bristow et al COMPANION 23 270 22 127 9.1% 0.44 [0.24, 0.83]
Bansch et al CAT 13 50 17 54 4.9% 0.76 [0.33, 1.80]
Kadish et al DEFINITE 28 229 40 229 13.1% 0.66 [0.39, 1.11] I
Keaber et al DANISH study 120 556 131 560 45.1% 0.90 [0.68, 1.19] ——
Strickberger et al AMIOVIRT 6 51 7 52 2.6% 0.86 [0.27, 2.75]
Total (95% Cl) 1554 1835 100.0% 0.74 [0.62, 0.90] L 2
Total events 231 337
Heterogeneity: Tau? = 0.00; Chi? = 5.01, df = 5 (P = 0.42); 12 = 0% 0 > ofs : 2 5=
Test for overall effect: Z = 3.07 (P = 0.002) ICD/CRT-D MT
b ICD/CRT-D Amiodarone Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bardy et al SCD-HeFT 41 398 64 419 88.6% 0.64 [0.42, 0.97]
Strickberger et al AMIOVIRT 6 51 7 52 11.4% 0.86 [0.27, 2.75]
Total (95% Cl) 449 471 100.0% 0.66 [0.44, 0.98] -
Total events 47 71
Heterogeneity: Tau? = 0.00; Chi? = 0.22, df = 1 (P = 0.64); I>= 0% t t t {
Test for overall effect: Z=2.07 (P = 0.04) 02 05 ! . 2 5
ICD/CRT-D Amiodarone
c ICD/CRT-D UC/Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight [V, Random, 95% CI IV, Random, 95% CI
Bardy et al SCD-HeFT 41 398 56 394 22.6% 0.69 [0.45, 1.06] - &7
Bristow et al COMPANION 23 270 22 127 11.7% 0.44[0.24, 0.83]
Bénsch et al CAT 13 50 17 54  6.6% 0.76 [0.33, 1.80]
Kadish et al DEFINITE 28 229 40 229 16.2% 0.66 [0.39, 1.11] L
Kaber et al DANISH study 120 556 131 560 42.8% 0.90 [0.68, 1.19] —E—
Total (95% CI) 1503 1364 100.0% 0.73 [0.59, 0.92] -
Total events 225 266
Heterogeneity: Tau? = 0.01; Chi2 = 4.68, df = 4 (P = 0.32); 12 = 15% 50_2 0?5 3 2 5=

Test for overall effect: Z=2.68 (P = 0.007)

Fig. 2 a Cumulative all-cause mortality ICD and CRT-D vs MT (medical
treatment = usual care + placebo + amiodarone). b Cumulative mortality
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total of 3674 patients with NICM were recognized. In the
COMPANION trial [26], 285 patients with NICM were ran-
domized to receive CRT pacing only without a defibrillator,
which we excluded from our analysis. Patients who received
either ICD, CRT-D, or the MT were included in our final
analysis, (n =3389).

Mean age was 60 years with 72% males. Mean EF
was 23.3%. The SCD-HeFT trial [24] compared amio-
darone to ICD and placebo to ICD, and we included
both the groups in our analysis. There were a total of
1554 patients in the ICD or CRT-D arm and 1835 in the
medical management arm.

Primary outcomes On comparing ICD and CRT-D to MT, there
were a total of 231 deaths in the ICD and CRT-D group com-
pared to 337 in the medical management group (OR =0.74,

CI=0.62-0.90, p =0.002, and P= 0%) (Fig. 2a). When com-
paring ICD and CRT-D to amiodarone only (excluding placebo
and usual care), there were a total of 47 deaths in the ICD and
CRT-D arm vs 71 deaths in amiodarone arm, (OR =0.66, CI1 =
0.44-0.98, p=0.04, I* 0%) (Fig. 2b). When comparing ICD
and CRT-D to placebo and usual care only (excluding amioda-
rone), 225 deaths were seen in ICD and CRT-D arm compared
to 266 in the placebo and usual care arm, (OR =0.73, CI=
0.59-0.92, p=0.007, I* = 15%) (Fig. 2c).

Secondary outcomes On individual analysis of ICD alone
against MT, there were a total of 146 deaths in the ICD arm
vs 249 in the MT arm, (OR =0.74, C1=0.58-0.93, p=0.01,
> =0%) (Fig. 3a). On similar individual analysis of CRT-D
compared to MT, there were a total of 85 deaths in the CRT-D
arm compared to 88 deaths in the MT arm, (OR =0.67, CI=

a ICD MT Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Bénsch et al CAT 13 50 17 54 7.3% 0.76 [0.33, 1.80] 2002
Strickberger et al AMIOVIRT 6 51 7 52 3.9% 0.86 [0.27, 2.75] 2003
Kadish et al DEFINITE 28 229 40 229 19.6% 0.66 [0.39, 1.11] 2004 I —
Bardy et al SCD-HeFT 41 398 120 813 37.6% 0.66 [0.45, 0.97] 2005 —
Kgber et al DANISH study 58 234 65 237 31.5% 0.87[0.58, 1.32] 2016 — T
Total (95% CI) 962 1385 100.0% 0.74 [0.58, 0.93] -
Total events 146 249
Heterogeneity: Tau? = 0.00; Chiz = 1.19, df =4 (P = 0.88); I>= 0% 50 > 095 ; t 5
Test for overall effect: Z =2.59 (P =0.010) ICD MT
CRT-D MT Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bristow et al COMPANION 23 270 22 127 442% 0.44[0.24, 0.83] B —
Kgber et al DANISH study 62 322 66 323 55.8% 0.93[0.63, 1.37]
Total (95% CI) 592 450 100.0% 0.67 [0.33, 1.37]
Total events 85 88
Heterogeneity: Tau? = 0.20; Chi? = 3.84, df = 1 (P = 0.05); 12 = 74% t t t t i
Test f Il effect: Z=1.09 (P = 0.27 02 05 ! 2 5
est for overall effect: Z=1.09 (P = 0.27) CRT-D MT
(o]
ICD/CRT-D MT Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Strickberger et al AMIOVIRT 4 51 5 52 6.5% 0.80[0.20, 3.17] 2003
Kadish et al DEFINITE 12 229 26 229 22.0% 0.43[0.21, 0.88] 2004 - =
Kgber et al DANISH study 77 556 95 560 71.5% 0.79[0.57, 1.09] 2016 —
Total (95% Cl) 836 841 100.0% 0.69 [0.48, 0.99] -
Total events 93 126
ity 2 = . Chiz = = - .12 = 130 ; t t + + J
_Irziet(;:;ogeneltyl.l T?fu N 2922 g‘:u o _2.022;1df 2(P=0.32); 1?=13% 01 02 05 1 2 5 10
est for overall effect: Z =2.04 (P =0.04) ICD/CRT-D MT
ICD/CRT-D MT Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Strickberger et al AMIOVIRT 1 51 2 52  3.6% 0.50 [0.04, 5.69] 2003
Kadish et al DEFINITE 3 229 14 229 13.5% 0.20[0.06, 0.72] 2004
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Fig. 3 a Cumulative all-cause mortality, ICD only vs medical manage-
ment (usual care + placebo + amiodarone). b Cumulative all-cause mor-
tality CRT-D only vs medical management (usual care + placebo + amio-
darone). ¢ Cumulative cardiovascular cause of mortality, ICD and CRT-D

ICD/CRT-D MT

vs medical management (usual care + placebo + amiodarone). d
Cumulative sudden cardiac death ICD and CRT-D vs medical manage-
ment (usual care, placebo and amiodarone)
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0.33-1.37,p=0.27, and = 74%) (Fig. 3bja). When we ana-
lyzed mortality due to cardiovascular causes, there were 93
deaths in the ICD and CRT-D group compared to 126 in the
MT, (OR =0.69, CI =0.48-0.99, p = 0.04, and I = 13%) (Fig.
3c). ICD and CRT-D when compared to MT for SCD revealed
28 deaths vs 62 deaths, (OR=0.45, CI=0.28-0.71, p=
0.0006, and I* = 0%) (Fig. 3d).

Discussion

ICD implantation has been a revolutionary advancement in
the treatment of heart failure with reduced ejection fraction
secondary to both ICM and NICM in the past decade [30].
Current guidelines recommend the use of the ICD as a primary
preventive strategy for the sudden cardiac death [31-33].
These guidelines are supported by the meta-analysis that
was published by Desai et al. that showed a significant reduc-
tion in mortality in patients with NICM receiving an ICD [34].
The recently published DANISH trial raised questions about
the value of ICD implantation on all-cause mortality in NICM
by suggesting that there was no difference in the long run in
reducing deaths when comparing ICD implantation to medical
management [16]. In our analysis, we have attempted to dis-
sect the effects of ICD and CRT-D combined and individually
against MT and also individually to amiodarone only and
placebo or usual care. We also analyzed the effect of ICD
and CRT-D on cardiovascular and SCD mortality.

The primary outcomes herein analyzed were the effect of
combined ICD and CRT-D implantation against MT, and
these revealed a significant reduction in mortality. Most pre-
vious trials to date have shown similar results. When we com-
pared the combined effect of ICD and CRT-D against amio-
darone, device implantation was found to be superior in re-
ducing mortality. When ICD and CRT-D were compared with
usual care or placebo, a statistically significant reduction in
mortality was noted in the defibrillator group. This again
strongly supports that ICD and CRT-D are superior to medical
management in reducing all-cause mortality in NICM.

Secondary outcomes analyzed included the individual ef-
fect of ICD on mortality when compared to MT; we again
observed a significant reduction in mortality favoring ICD im-
plantation. On comparing CRT-D only with MT, no significant
difference in the mortality was noted (Fig. 3b), but there were
only two studies [16, 26] which had reported these data. There
was also substantial heterogeneity with the I statistic of 74%.

Other secondary outcomes studied include mortality due to
all cardiovascular causes in the ICD and CRT-D implantation
group compared to MT. This also revealed a significant reduc-
tion in mortality due to cardiovascular causes favoring ICD
and CRT-D. On comparing the effect of ICD and CRT-D im-
plantation on SCD against MT, these again showed a

@ Springer

significant reduction in the number of deaths, supporting the
use of ICD and CRT-D for prophylactic implantation.

The results of our analysis are robust at a granular level
from these six randomized trials clearly support the ongo-
ing benefit of prophylactic ICD implantation in NICM.
The only question raised is the benefit of prophylactic
implantation of CRT-D in patients with NICM. Our re-
sults cannot be generalized because of the existence of
significant heterogeneity that was present when CRT-D
alone was compared to MT.

Conclusion

Considering today’s aging population, advancements in med-
ical treatment through the use of angiotensin-converting en-
zyme inhibitors, angiotensin receptor blockers, beta blockers,
aldosterone antagonists, and now also neprilysin inhibitors
have medically assisted the reduction in morbidity and mor-
tality in this specific patient population. Our data and analyses
support current guidelines, which recommend the use of an
ICD for primary prevention in patients with NICM. More
RCT’s at a larger scale would be required to elucidate further
the benefits of both ICD and CRT-D in this post PARADIGM
era, where medical treatment is at a pinnacle in reducing mor-
tality in patients with heart failure.
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