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Abstract
Implantable cardioverter-defibrillators (ICDs) are a powerful tool in preventing sudden cardiac death due to ventricular arrhyth-
mias in ischemic cardiomyopathy. ICD indications and timing in acute coronary syndromes are unclear.
Purpose of Review
We reviewed several trials that delineated the indications for a cardiac defibrillator in patients with coronary artery disease.
Recent Findings
The role of cardiac defibrillators in secondary prevention has been well established by AVID, CIDS, and CASH trials. AVID
showed reduction in both all-cause mortality and arrhythmic death while the two smaller trials showed only improvement in
arrhythmic death. Similarly, trials likeMADIT, CABG Patch, MUSTT, MADIT-II, DINAMIT, and the IRIS trial have fine-tuned
the indications for ICD in primary prevention of sudden cardiac death. Benefits of an ICD were most pronounced in those with
reduced ejection fraction and 40 days or more since myocardial infarction or in those who were not immediately post revascu-
larization. The recent VEST trial aimed to study wearable cardioverter-defibrillators (WCDs) in patients who did not have an
indication for an implantable defibrillator. The arrhythmic deaths (1.6% vs. 2.4%) were not reduced by the WCD.
Summary
Based on consistent reduction in arrhythmic death in all primary and secondary prevention trials, defibrillators are effective in
carefully selected patients.

Keywords Sudden cardiac death . Implantable cardioverter-defibrillator . Wearable cardioverter-defibrillator . Ventricular
arrhythmias . Acute coronary syndrome

Introduction

Sudden cardiac death (SCD) is defined as the unexpected
death from a cardiac cause within a short period of time, spe-
cifically less than an hour from the onset of symptoms, in a
person without any prior condition that would appear fatal [1].
This is in contrast with sudden cardiac arrest (SCA) which
refers to the onset of life-threatening cardiac abnormalities
that, if not promptly reversed, progress to SCD [2]. The inci-
dence of SCD in the USAwas 347,322 during the year 2016
(based on the extrapolation of data from Resuscitation
Outcomes Consortium Registry) [3]. Ventricular arrhythmias
(VAs) related to the coronary artery disease (CAD) are the
underlying etiology in the majority of cases [4]: nearly half
of the patients with CAD die due to sustained ventricular
tachycardia (VT) or ventricular fibrillation (VF) [5].
Implantable cardiac defibrillators (ICDs) have proven to be a
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powerful tool for treatment of unstable VAs and, by the same
token, in prevention of SCD in high-risk patients. This article
reviews the role of cardiac defibrillators in prevention of SCD
after an acute coronary syndrome (ACS).

Prevention of Sudden Cardiac Death

SCA can be aborted by termination of life-threatening arrhyth-
mias by either synchronized cardioversion or defibrillation. It
is important to understand that ICD terminates an episode of
VAwithout altering the underlying mechanisms leading to the
arrhythmia. Beyond defibrillators, management of VAs also
involves the use of antiarrhythmic drugs and invasive catheter
ablation therapies.

Drugs such as beta-blockers, amiodarone, lidocaine,
dofetilide, and sotalol have been used successfully for preven-
tion and treatment of these arrhythmias [5]. Yet, no mortality
benefit has been achieved by these drugs as mentioned in the
following text. Class Ib agents (flecainide and encainide) have
been shown to lead to a higher rate of arrhythmic death [6]
when used after MI and therefore, should be avoided. Catheter
ablation has been shown to reduce the need for defibrillator
therapy [7, 8] and mortality [8], when used in carefully select-
ed patients.

Defibrillator therapy can abort an episode of ventricular
tachycardia and hence, as outlined in the current guidelines,
remains the mainstay for prevention of SCD in selected pa-
tients [9].

Current Guidelines for Cardiac Defibrillators
in SCD Prevention After ACS

The effective termination of VAs by ICDs has led to effective
prevention of SCDs in patients with established ischemic car-
diomyopathy. Currently, guidelines support their use in pa-
tients with significant LV dysfunction that persists 40 days
after an acute myocardial infarction, or 3 months after revas-
cularization. Within those time frames, even though the inci-
dence of VAs may be significant, the role of ICDs is less clear.

There are two types of defibrillators: implantable
cardioverter-defibrillators (ICDs) and wearable cardioverter-
defibrillators (WCDs). Based on current guidelines [9], the
following are the indications for ICD placement after an ACS:

1. Secondary prevention

& Patients who survived SCA secondary to VAs and do
not have a reversible etiology (class I, level A)

& Patients with non-sustained VAs, history of prior
myocardial infarction (MI), left ventricular ejection

fraction (LVEF) < 40%, and inducible VAs during
an electrophysiological study (class I, level B)

2. Primary prevention

& Patients with prior MI, LVEF < 35% despite optimal
medical therapy, NYHA class II–III, and more than
40 days since last MI or 90 days since most recent
revascularization (class I, level A)

& Patients with prior MI, LVEF < 30% despite optimal
medical therapy, NYHA class I, and more than
40 days since last MI or 90 days since most recent
revascularization (class I, level A)

The following are the indications for WCD, based on the
most recent guidelines [9], after an episode of ACS:

& WCDs may be appropriate as a bridging therapy in situa-
tions associated with an increased risk of SCA in which
ICDs have been shown to reduce arrhythmic death, but
not overall mortality such as within 40 days of MI (class
IIb; level of evidence C).

Below, we will summarize the evidence supporting the role
of defibrillator therapy in primary and secondary prevention
of SCD.

Secondary Prevention of Sudden Cardiac
Death After ACS

This refers to the prevention of SCD in those patients who
have survived a prior cardiac arrest or sustained VT. ICD
placement in patients with cardiac conditions associated with
a high risk of sudden death and unexplained syncope, which is
likely to be secondary to VAs, is also considered to fall under
the category of secondary prevention. Below we discuss some
of the most important clinical trials that shaped the current
guidelines for secondary prevention of SCD. Findings of these
trials are summarized in Table 1.

The AVID (Antiarrhythmics Versus Implantable
Defibrillator) trial was the largest trial comparing ICD against
drug therapy (amiodarone and sotalol) [10]. The study en-
rolled 1016 patients with either SCA caused by VT or VF or
sustained VT leading to syncope or severe hemodynamic
compromise in patients with a LVEF less than 40%. After a
mean follow-up of 18.2 months, the study was terminated
early because of a significant reduction in mortality in the
ICD group. This study showed a 31% relative risk reduction
in the primary outcome of overall mortality at 3 years
(p < 0.02) primarily due to prevention of death due to arrhyth-
mia [11••].
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Similar to the AVID trial, CIDS (Canadian Implantable
Defibrillator Study) trial enrolled patients who either survived
cardiac arrest or had VF or sustained VT leading to hemody-
namic compromise in those with a LVEF less than 40% [12••].
Those with unmonitored syncope and inducible VT in the
setting of reduced LVEF were also included. A total of 659
patients were enrolled and randomized to receive either ICD
or amiodarone drug therapy. The trial showed a relative risk
reduction of 20% in all-cause mortality; however, this did not
reach statistical significance (p = 0.142).

Similarly, the CASH (Cardiac Arrest Study Hamburg) trial
was another prospective, randomized controlled trial which
enrolled survivors of SCA secondary to VT or VF [13]. A
total of 288 patients were randomized to either ICD placement
or medical therapy (amiodarone and metoprolol). After a min-
imum follow-up of 2 years, the trial showed a 23% relative
risk reduction in the overall mortality benefitting the ICD
group; however, again this benefit did not reach statistical
significance (p = 0.08).

All three of these secondary prevention trials, men-
tioned above, were conducted with similar enrollment
criteria and showed similar results; i.e., ICD therapy was
superior to antiarrhythmic drugs (AAD) alone. Of note,
smaller trials (CIDS and CASH trials) did not reach sta-
tistical significance but showed a trend in favor of the
device therapy. This benefit was confirmed in a meta-
analysis of all 3 trials (AVID, CIDS, and CASH) showing
a statistically significant reduction in total mortality [14].
Consequently, ICD therapy is listed as a class I indication
with level of evidence A for patients who survive a car-
diac arrest caused by VT or VF or sustained stable VT
which cannot be attributed to a transient or reversible
cause according to ACC/AHA guidelines. Examples of
reversible causes include acute myocardial infarction,
electrolyte abnormalities, and arrhythmia secondary to
drugs. Needless to state, clinical judgment is fundamental
in identification of these transient or reversible causes of
SCA in the setting of acute or recent myocardial infarc-
tion. Minor abnormalities of electrolytes and mild

elevations of cardiac enzymes may lead to a diagnostic
dilemma as they may be cause or the effect of a cardiac
arrest.

Primary Prevention of Sudden Cardiac Death
in Established Ischemic Cardiomyopathy

Once ICDs were proven to be safe and efficient for secondary
prevention of SCA, their use was explored in lower risk pop-
ulations. Patients who had structural heart disease but no ev-
idence of sustained VT or VF were known to be at risk for
SCA and henceforth, were likely to benefit from ICDs. Initial
studies for primary prevention were focused on patients with
known coronary artery disease. A discussion of the trials
studying effectiveness follows. The findings of these trials
are summarized in Table 2 and Fig. 1.

MADIT (Multicenter Automatic Defibrillator Implantation
Trial) was the first large-scale trial to study the effectiveness of
a n ICD i n p r ima r y p r e v e n t i o n o f SCD [15 ] .
Electrophysiological study yielding induction of sustained
VT or VF and not suppressed with procainamide infusion in
patients with known coronary artery disease, prior MI, and left
ventricular ejection fraction < 35% was a prerequisite for en-
rollment of this trial. A total of 196 patients were randomized
to receive either an ICD or an AAD (mostly amiodarone). At
2 years, there was a relative risk reduction of 54% in the
primary outcome of overall mortality which was statistically
significant (p = 0.009).

MADIT-II (Multicenter Automatic Defibrillator
Implantation Trial II) was the first trial to assess the survival
benefit of an ICD in patients with prior MI without the pre-
requisite electrophysiological testing [16]. A total of 1232
patients, with reduced LVEF (< 30%) and MI that occurred a
month or more prior to enrollment, were randomized in a 3:2
ratio to either ICD or medical therapy alone. After an average
follow-up of 20 months, reduction in the primary outcome of
total mortality attributable to device therapy was 31%. This
suggests a number needed to treat (NNT) of 18 patients. A

Table 1 Summary of secondary prevention of SCD trials

Trial Sample Follow-up Intervention Total mortality SCD

AVID (1997) 1016 18 months ICD in survivors of SCA due to VA or
hemodynamically significant VTwith LVEF
≤ 40%

ICD 15.8% vs. CG 24%
RRR 31% (95% CI

10–51%)

ICD 4.7% vs. CG 10.8%

CIDS (2000) 659 39 months ICD in patients with recent MI (< 72 h) and VF or
syncope or hemodynamic instability due to VT

ICD 8.3%/year vs. CG
10.2%/year

RRR 19.7% (CI 7.7–40%)

ICD 3%/year vs. CG
4.5%/year

RRR 32.8% (CI
7.2–57.8%)

CASH (2000) 191 57 months ICD in survivors of SCA secondary to sustained
VAs

ICD 36.4% vs. CG 44.4% ICD 13% vs. CG 33%

ICD implantable cardioverter-defibrillator, CG control group, RR relative risk, CI 95% confidence interval
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post hoc analysis of the 202 deaths in this trial determined that
the reduction in total mortality in the ICD group was entirely
due to reduction in SCD [17]. Both MADIT and MADIT-II
trials were crucial in establishing the role of an ICD in primary
prevention of SCD. MUSTT (Multicenter Unsustained
Tachycardia Trial) also showed a benefit of ICD in a similar
population [18]; findings of this trial are summarized in
Table 2.

The entire population enrolled in MADIT and MADIT-II
and majority (84%) in MUSTT trial were enrolled well after
the index ACS or MI that led to ischemic cardiomyopathy.
Patients within 3 weeks after MI were excluded in MADIT,

4 weeks were excluded in MADIT-II, and 86% of enrollees in
MUSTT were > 1 month post most recent myocardial
infarction.

The effectiveness of ICD in SCD prevention goes beyond
ischemic cardiomyopathy with reduced ejection fraction and
extends to non-ischemic cardiomyopathy patients with re-
duced ejection fraction as well. Its effectiveness has also
prevailed over time, despite improvements in medical therapy.
Most recently, it was proven in the Swedish study SWEDE-
HF [19] that utilized a prospective heart failure registry dating
back to the year 2000. For this analysis, they looked at patients
who met guidelines for primary prevention ICD implantation,

Table 2 Summary of primary prevention of SCD after ACS trials

Trial Sample Follow-up Interventions Total mortality SCD

MADIT (1996) 196 27 months ICD in patients with LVEF ≤ 35% and abnormal EP
study

ICD 16% vs. CG 39%
HR 0.46 (CI 0.26–0.82)

ICD 3.2% vs. CG 12.9%

CABG Patch (1997) 900 32 months Defibrillator at the time of CABG in patients with
LVEF ≤ 35%

ICD 23% vs. CG 21%
HR 1.07 (CI 0.81–1.42)

ICD 4% vs. CG 6.9%
RR 0.55 (CI 0.29–1.03)

MUSTT (1999) 704 39 months AAT in patients with CAD, LVEF ≤ 40% and NSVT AAT 42% vs. CG 48%
RR 0.80 (CI 0.64–1.01)

AAT 25% vs. CG 32%
RR 0.73 (CI 0.53–0.99)

MADIT-II (2002) 1232 20 months ICD in patients with EF ≤ 30% and MI ≥ 30 days ICD 14.2% vs. CG
19.8%

HR 0.69 (CI 0.51–0.93)

ICD 3.8% vs. CG 10.0%
HR 0.33 (CI 0.20–0.53).

DINAMIT (2004) 674 30 months ICD in patients with EF ≤ 35%, MI 6–40 days prior
and reduced RR interval or variability

ICD 18.7% vs. CG
17.0%

HR 1.08 (CI 0.76–1.55)

ICD 3.6% vs. CG 8.5%
HR 0.42 (CI 0.22–0.83).

IRIS (2009) 898 37 months ICD in patient s with LVEF ≤ 40% and HR > 90 or
NSVTwith recent MI (5–31 days)

ICD 26.1% vs. CG
25.8%

HR 1.04 (CI 0.81–1.35)

ICD 6.1% vs. CG 13.2%
HR 0.55 (0.31–1.00)

VEST (2018) 2348 84 Days WCD in patients with EF ≤ 35% and acute MI WCD 3.1% vs. CG 4.9%
RR 0.64 (CI 0.43–0.98)

WCD 1.6% vs. CG
2.4%

RR 0.67% (CI
0.37–1.21)

ICD implantable cardioverter-defibrillator, CG control group,HR hazard’s ratio,CI confidence interval, AAD AAT antiarrhythmic therapy (includes ICD
and antiarrhythmic drug), RR relative risk, WCD wearable cardioverter-defibrillator

Fig. 1 Forest plot for effect sizes of ICD in primary prevention of SCD after ACS. HR hazard ratio, LCL lower confidence limit, UCL upper confidence
limit
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i.e., EF ≤ 40%, heart failure duration of ≥3 months, and
NYHA Class ≥ II. Of the 16,702 ICD eligible patients, only
1599 (10%) had an ICD implantation. They matched 1305 of
the patient with an implanted ICD to 1305 patients in the
registry without an ICD. Of the ICD indicated patients, 32%
received a CRT-D. Enrollment completed in 2016 and the
average follow-up was 2.6 years; of note, 50% of the patients
were enrolled after 2012. The result without matching (just
comparing ICD and no ICD patients), ICDs were associated
with a 25% risk reduction in all-cause mortality at 5 years;
after matching, ICDs were associated with a 12% risk reduc-
tion in all-cause mortality at 5 years.

Another recent study, EU-CERT-ICD (European
Comparative Effectiveness Research to Assess the Use of
Pr imary Prophylac t ic Implan tab le Card iover te r
Defibrillators) [20], was a prospective study funded by a grant
from the European Union, which included 44 sites in 15
European countries. Patients were enrolled if they had heart
failure, EF ≤ 35%, and a class I indication for ICDs (excluding
CRT patient). Patients who received an ICD (N = 1526) were
compared with patients who did not receive an ICD (N = 731);
patient and clinicians made the decision whether to receive the
ICD (it was not randomized). Enrollment started in May 2014
and the average follow-up was 2.4 years. ICDs were associat-
ed with a 31% risk reduction in all-cause mortality at 5 years
(p = 0.0016) and 83% reduction in sudden cardiac death
(p < 0.0001).

Primary Prevention of Sudden Cardiac Death
After ACS

The challenge of preventing SCD shortly after an MI or ACS
remained. Unlike previous studies, DINAMIT (Defibrillator
in Acute Myocardial Infarction trial) evaluated the benefit of
ICD early after a MI [21]. A total of 674 patients, with a
reduced ejection fraction (EF < 35%), MI (6–40 days prior
to enrollment), and depressed heart rate variability (standard
deviation of normal to normal RR interval ≤ 70 ms) or in-
creased 24-h average heart rate (mean RR interval ≤
750 ms), were enrolled. Patients were randomized in 1:1 ratio
between an ICD group and a conventional medical therapy
group. After an average follow-up of 30 months, deaths from
any cause (primary outcome) were similar in the two groups.
The prespecified secondary outcome of death from an arrhyth-
mic cause was significantly reduced in the ICD group (N = 12
vs. 29). However, there was no overall survival benefit due to
an increase in non-arrhythmogenic death in the ICD group as
compared with AAD. Similar results were seen in the IRIS
trial [22]; hence, the current guidelines recommend delaying
the implantation of an ICD in this patient population for at
least 40 days after acute myocardial infarction. Both
DINAMIT and IRIS supported the contention that ICDs

effectively prevent VAs early after MI but do not improve
overall survival because they somehow increase non-
arrhythmogenic mortality.

The CABG (Coronary Artery Bypass Graft) Patch trial
assessed the prophylactic placement of epicardial cardioverter-
defibrillators at the time of revascularization [23]. A total of 900
patients with reduced LVEF (< 36%) were randomized to re-
ceive either an epicardial defibrillator or medical therapy at the
time of coronary artery bypass surgery. After an average
follow-up of 32 months, no significant difference was found
between the two groups in terms of total mortality or arrhythmic
death [24]. The arrhythmic mortality at 42 months was 6.9% in
the control group and 4% in the ICD group (p 0.057). ICD
therapy reduced arrhythmic death by 45% without a significant
effect on non-arrhythmic death, but since, 71% of total mortal-
ity was due to non-arrhythmic causes, this did not lead to a
significant difference in total mortality of both groups. It is
important to mention that there was an increased rate of infec-
tion in the ICD group, like deep sternal wounds (2.7% 0.4%)
and wound or catheter site infection (12.3% vs. 5.9%). Notice
the use of non-conventional ICD implants like epicardial, prob-
ably would explain such findings. Thus, there is likely no ben-
efit of a defibrillator placement soon after revascularization, and
hence, guidelines recommend waiting of 90 days after revascu-
larization prior to implanting an ICD.

A recent trial that challenges this waiting time of 90 days
after revascularization in the setting of ACS was the DAPA
(Defibrillator After Primary Angioplasty) [25]. It was a
Medtronic-sponsored, prospective randomized study investi-
gating ICD implantation between 30 and 60 days after angio-
plasty for STEMI and was conducted at 15 sites in the
Netherlands and Poland (N = 262). Patients were enrolled if
they had at least on risk factors like ventricular fibrillation, EF
< 30%, Killip class 2 or higher, or TIMI flow less than 3 after
primary PCI. The primary outcome was long-term mortality
benefit. The ICD implantation group was associated with a
42% risk reduction in all-cause mortality 10 years after im-
plant (p = 0.02). This study suggests that early prophylactic
ICD implantation may be considered for high-risk patients,
despite improvement of their LVEF. However, this needs to
be confirmed with larger studies.

Another recent trial studying primary prevention of SCD
after ACS is the Vest Prevention of Early Sudden Death Trial
(VEST), which assessed the effectiveness of the WCD in pri-
mary prevention of SCD [26••]. However, the current guide-
lines predate this publication. This study was aimed to assess
the effectiveness of a WCD during the period after a MI and
prior to when an ICD is indicated, based on current guidelines.
A total of 2348 patients, with a reduced ejection fraction (EF
< 35%) and an acute MI were randomized in 2:1 ratio to re-
ceive a WCD or to receive conventional therapy. After a mean
follow-up of 84 days, no difference in the primary outcome,
comprising rate of arrhythmic death, between the device and

Curr Cardiol Rep (2020) 22: 4 Page 5 of 8 4



control groups was seen (25 (1.6%) in therapy vs. 19 (2.4%) in
the control group (p = 0.18)). The total mortality was 48
(3.1%) in the device group vs. 38 (4.9%) in the control group
(p = 0.04). A total of 29 participants received shocks of which
21 were appropriate. Of the 21 appropriate shocks, 6 patients
died. There were study design limitations. First, the primary
outcome was changed from all-cause mortality to arrhythmic
mortality after enrollment began, as arrhythmic death is more
difficult to adjudicate. The cause of death was adjudicated by
an independent panel that was unaware of group assignments
and did not review data from the WCD at time of death. This
could result in a misclassification of the etiology of sudden
cardiac death and could explain why total mortality was re-
duced significantly but arrhythmic death only showed a trend
towards reduction. The high rate of crossover (19%, never
used the WCD) and suboptimal compliance with wear time
of 14 h a day (median), which was lower than WEARIT-II
registry data 22.5 h a day (median) [27], may have compro-
mised the intention-to-treat analysis. Investigators reported
that 3 out of 4 patients who died in the WCD group did not
wear their WCD at the time of death. Compliance may be the
biggest limitation for this WCD. Overall, the study design has
major limitations and the current use of the WCD is still
controversial.

Whether these results of these trials will lead to any chang-
es in current guidelines is yet to be seen.

Subcutaneous ICD

Subcutaneous ICD (S-ICD) is an alluring alternative for
patients who have a high risk of infection or end-stage
renal failure and no pacing requirement. S-ICD has major
advantages of lesser adverse events, which are usually
associated with a transvenous system such as systemic
infection, pneumothorax, lead displacement, and safer
system removal. However, its limitations are increased
rate of T wave over sensing leading to inappropriate
shocks which appears to decrease with preprocedure
screening. Also, limited backup pacing and lack of
antitachycardia pacing are other limitations [28]. At pres-
ent, these devices do not have any randomized controlled
trial data to support them [29]. All of our current under-
standing of these devices is based on investigational de-
v i c e e x emp t i o n ( IDE ) t r i a l a n d p o s tm a r k e t
(EFFORTLESS) registry [30]. Based on the registry date,
S-ICDs can terminate 90% and 98% of the VT/VF epi-
sodes with 1 and 5 shocks respectively.

Conclusion and Future Directions

The effectiveness of an ICD is well recognized and, therefore,
remains the cornerstone of SCD prevention. The

abovementioned clinical trials have helped us understand
why and when to use an ICD successfully. However, there
still are several questions that are left to be answered. For
example, patients who are at risk for SCD but were not well
represented in the clinical trials, such as those over the age of
80 or those with end-stage renal disease, and female patients.
Further research is also needed in cases where patients are at
risk for SCD but are not eligible to receive an ICD, such as
those with recent MI or those immediately post
revascularization.

A closer look at the recently published VEST trial
gives us some insight into this population. The population
studied in the VEST trial was similar to the DINAMIT
trial including the mean left ventricular ejection fraction
(LVEF 28.2%). However, this was higher than that of the
population studied in MADIT-II trial (EF 23%). Based on
these observations, one may believe that the populations
studied in prior studies were sicker than the population
studied in the VEST trial. However, the similar results
of DINAMIT, IRIS, and VEST trials strongly suggest car-
diac defibrillators (implantable or wearable) do not
change outcomes early after a MI, despite a reduction in
rate of arrhythmic death. This likely is due to the inherent
disadvantage of a defibrillator; i.e., it is unable to alter the
underlying substrate, which may manifest with an alter-
nate mode of death in the most vulnerable period, imme-
diately after an MI. Also, similar to CABG Patch trial, the
majority (83.6%) of patients enrolled in the VEST trial
underwent revascular iza t ion as opposed to the
DINAMIT trial in which only about 36.1% underwent
angioplasty; the rest underwent thrombolysis or no thera-
py. These results are consistent with minimal benefit of a
cardioverter-defibrillator early after revascularization;
whether this is due to subsequent improvements in
LVEF or a reduction in ischemia is not entirely clear.
The only exception is the recent DAPA trial which used
a different inclusion criteria, where higher risk patients
(STEMI with high-risk features) for sudden cardiac death
showed benefits with earlier implantation of ICD, despite
improvement of LVEF in 46% of the population.
However, this needs to be confirmed with larger studies.

Based on consistent reduction in arrhythmic death in all
abovementioned trials, we conclude that cardiac defibrillators
are effective when used in appropriately selected patients. The
future of SCD prevention probably lies beyond the limited
arsenal of device therapy. Understanding cellular mechanisms
and anatomic disturbances will hold the key to further prog-
ress and advancement in this field.
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