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Introduction

Sudden cardiac death (SCD) is a leading cause of death
in developed countries, affecting approximately 325,000
people in the United States annually, with an increasing
incidence in the last decade.! On average, fewer than 11%
of SCD patients survive to hospital discharge.! Having a
history of heart disease is a major risk factor of SCD, with
patients who have structural heart disease being seven
times more likely to develop SCD than patients with
structurally normal hearts.! Implantable cardioverter-
defibrillator (ICD) therapy can reduce mortality and is
cost-effective in selected patient populations at risk for
SCD. In this article, we review the application of strate-
gies to prevent SCD in patients with structural heart dis-
ease and impaired ejection fraction (EF).

Established indications and target populations

The first ICD implant was performed in 1980 and, since
then, multiple large primary and secondary prevention
trials have proven decisively that ICD reduces SCD and
mortality.? In turn, these trials form the foundation upon
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which international guidelines and appropriate use cri-
teria are determined. Secondary prevention studies,
conducted in the 1990s, examined the benefits of ICD in
patients who had already aborted SCD or who had hemo-
dynamically significant ventricular arrhythmias.> Based
onameta-analysis of three key studies [ie, Antiarrhythmics
Versus Implantable Defibrillators (AVID), Cardiac Arrest
Study Hamburg (CASH), and the Canadian Implantable
Defibrillator Study (CIDS)], ICD therapy was associated
with a 28% relative risk reduction in total mortality, and a
50% risk reduction in arrhythmic death.® In contrast, pri-
mary prevention studies have typically focused on at-risk
patients with impaired left ventricular ejection fraction
(LVEF) alone or in conjunction with other risk markers
for sudden death.”!° For instance, both the Multicenter
Autonomic Defibrillator Implantation Trial I (MADIT-I)
and Multicenter Unsustained Tachycardia Trial (MUSTT)
studies enrolled patients with primary coronary artery
disease, LVEF of 40% or less (35% or less in MADIT-I),
spontaneous non-sustained ventricular tachycardia (VT),
and inducible ventricular arrhythmias during electro-
physiological studies (EPS).*? In MUSTT, patients were
randomized to follow either an antiarrhythmic strategy,
which included antiarrhythmic agents and, after at least
one unsuccessful drug test, ICD implantation or no anti-
arrhythmic therapy. In MADIT-], patients were assigned
to receive either conventional medical therapy (of which
more than three-quarters received antiarrhythmic agents)
or an ICD. Both studies demonstrated that ICD therapy
reduced the risk of overall mortality in excess of 54%,
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while antiarrhythmic pharmacological therapy did not
improve survival. Subsequent studies were designed
with fewer inclusion criteria: MADIT-II enrolled 1,232
patients with prior myocardial infarction and LVEF of
30% or less, whereas the Sudden Cardiac Death in Heart
Failure Trial (SCD-HeFT) examined the role of ICD ther-
apy in patients with both ischemic and non-ischemic car-
diomyopathy (NICM), an LVEF of 35% or less, and a New
York Heart Association (NYHA) class II/11I heart failure
status.”!? Overall mortality was reduced by 31% and 23%,
respectively, in MADIT-II and SCD-HEFT.

Of note, though ICDs have been proven to be more effec-
tive in reducing mortality (Table 1) than other common
treatments used for cardiac disease, it should be men-
tioned that the life-saving potential of ICDs may have
been underestimated by these landmark studies. Given
that the risk associated with device implantation is front-
loaded and that device longevity is typically more than
seven years, the above-mentioned trials, which were fre-
quently terminated prematurely, with median follow-up
periods of less than four years, may have underestimated
the lifesaving benefits of ICD and artificially inflated the
numbers needed to treat to prevent one death.!!

Gtill, on the basis of these landmark trials, international
guidelines have recommended ICD therapy for the fol-
lowing patient groups who are on optimal medical ther-
apy and who have a reasonable expectation of survival
of more than one year.'””® Some of the most common

indications for ICD implantation for primary preven-
tion purposes include (1) in cases of NICM or ischemic
heart disease presenting at least 40 days post-myocardial
infarction (MI) with an LVEF <35% and NYHA class II /111
symptoms; (2) in patients with left ventricular (LV) dys-
function due to prior MI who are at least 40 days post-MI
and who have LVEF < 30% and NYHA functional class I;
and (3) in those with non-sustained VT due to prior MI,
LVEF < 40%, and inducible sustained VT during elec-
trophysiology study. Indications for ICD implantation
for secondary prevention, on the other hand, include (1)
patients who have survived ventricular fibrillation (VF)
or hemodynamically unstable VT not due to a completely
reversible cause; (2) patients with structural heart disease
and spontaneous sustained VT, regardless of whether it
is hemodynamically stable or unstable; (3) patients with
VT with syncope who have an LVEF < 40%; and (4) those
with relevant, hemodynamically significant sustained VT
or VF induced during electrophysiology study.

Interestingly, while traditional guidelines have recom-
mended ICD therapy for use in NICM patients with
symptomatic heart failure and depressed LVEF, a recent
trial has rekindled the debate regarding how best to apply
ICD therapy in NICM patients. The DANISH study rand-
omized 556 NICM patients with symptomatic heart fail-
ure (NYHA class II/III), LVEF < 35%, and elevated brain
natriuretic peptide levels to receive either ICD therapy or
routine medical care.'* Of note, this contemporary cohort
were treated optimally with proven heart failure therapies,

Table 1: The Number of Patients that Must be Treated by Common Cardiovascular Interventions to

Prevent One Death

Intervention (Landmark Study) Sample | Number of Patients that Must be
Size Treated to Prevent One Death
Secondary prevention ICD (AVID)? 1,232 9
Primary prevention ICD (SCD-HeFT)” 2,521 15
Primary prevention ICD (MADIT-II)'0* 1,016 18
CRT (COMPANION)?3t 1,520 17
Aspirin (ISIS-2)% 17,000 38
Enalapril (SOLVD)® 2,600 22
Simvastatin (4S)%® 4,444 29
Primary PCI (meta-analysis)®° 7,739 43
Cardiac rehabiliation (meta-analysis)” 7,683 72
Primary prevention ICD (MADIT-II) — extended follow-up”'* | 1,016 8

*The number needed to treat out of 18 to prevent one death in the MADIT-II study was based on
1.5 years of median randomized follow-up, during which patients were assigned to receive either
conventional medical therapy or an ICD implant. Given that ICD battery life is typically more than
four years, the premature termination of this study would lead to the underestimation of the life-
saving potential of ICDs. When the follow-up period of MADIT-1l was extended for all participants,
including allowing for a crossover of medically treated patients to receive ICD, the number of
patients needed to treat to prevent one death decreased from 18 to eight.

tThe data presented are based on results from the CRT-P arm of the COMPANION trial, with a median
follow-up of only 16.2 months, and therefore are also underestimated.

ICD: implantable cardioverter-defibrillator; AVID: Antiarrhythmics Versus Implantable Defibrillators;
SCD-HeFT: Sudden Cardiac Death in Heart Failure Trial; MADIT: Multicenter Automatic Defibrillator
Implantation Trial; CRT: cardiac resynchronization therapy; COMPANION: Comparison of Medical
Therapy, Pacing, and Defibrillation in Chronic Heart Failure; ISIS-2: Second International Study of
Infarct Survival; SOLVD: Studies of Left Ventricular Dysfunction; 4S: Scandinavian Simvastatin Survival

Study; PCl: percutaneous coronary intervention.
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with more than 92% receiving B-blockade and renin-angi-
otensin system inhibitors, in excess of 57% on mineralo-
corticoid antagonists, and 93% of patients with left bundle
branch block in excess of 150 ms receiving cardiac resyn-
chronization therapy (CRT). Remarkably, in both arms,
58% of patients were receiving CRT, a rate much higher
than that typically expected in a heart failure cohort. While
arrhythmic deaths (sudden cardiac death or VT /VF) were
reduced via the use of ICD therapy, cardiovascular deaths
(which include death from heart failure, stroke, and other
cardiovascular conditions) and overall mortality (from
any cause) remained unchanged over a follow-up period
of more than 67 months. Prior to this study, no single ICD
trial enrolling NICM patients has shown a statistically
significant reduction in mortality, although there was a
trend towards significance in the DEFINITE and SCD-
HEFT trials.”*® In both studies, the percentages of patients
on optimal pharmacological therapies were lower, and
no patients received CRT, including those patients with
a wide QRS for whom CRT would be indicated. Despite
this, a recent meta-analysis of NICM patients randomized
in primary prevention ICD trials, including DANISH,
found that ICD placement remains associated with a
21% reduction in overall mortality and a 53% reduction
in arrhythmic death.!® Taken in conjunction with one
another, these findings confirm NICM patients remain at
risk from SCD, although their burden of arrhythmic death
is comparatively lower than that of subjects with ischemic
heart disease. It also raises doubts whether the simplistic
markers of SCD such as low EF, validated for ischemic
heart disease, should be applied to select NICM patients
at risk of SCD. There is a growing body of literature that
sophisticated measures such as presence and distribution
of enhancement, representative of myocardial scarring, on
gadolinium-enhanced cardiac magnetic resonance imag-
ing would be a better risk predictor for NICM.'7!8

At-risk populations for whom ICD therapy has not
been beneficial

It may seem intuitive given the life-saving benefits of
ICDs in patients with impaired LVEF would be conferred
to patients early post-MI. DINAMIT randomized 674
patients between six and 41 days post-MI, LVEF < 35%,
and abnormal autonomic parameters namely depressed
heart rate variability or elevated average 24-hour heart
rates on Holter monitoring to either ICD or conventional
therapy.'” Over a mean follow-up of 30 months, there was
no difference with overall mortality between the groups.
While arrhythmic deaths were reduced by 58%, there was
a 75% increase in non-arrhythmic deaths in the ICD group,
resulting in no net benefit. The same conclusions were
reached by the IRIS study, which randomized 898 patients
who were five to 31 days post-MI, and who had LVEF
< 40%, elevated heart rate on electrocardiogram (ECG),
and/or non-sustained VT on Holter monitoring, to receive
an ICD implant or medical therapy alone.” Similarly, ICD
therapy was associated with a 45% reduction in arrhyth-
mic deaths, but a 92% relative risk in non-arrhythmic
deaths, resulting in no net benefit. An important feature of
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IRIS was that 77% of patients received reperfusion thera-
pies, with three-quarters receiving percutaneous coronary
intervention, consistent with contemporary clinical prac-
tice. In the early period after MI, non-arrhythmic causes of
SCD such as recurrent MIs and myocardial rupture may
account for 48% of mortality, and the proportion of sudden
death attributable to arrhythmic versus non-arrhythmic
causes only increases after months.”! Post hoc analysis of
MADITII data also supports this hypothesis, with the sur-
vival benefit of ICD showing time-dependency and being
more effective in patients with remote (> 18 months) versus
recent MI (< 18 months).?? In conjunction, the implantation
of ICD early after a MI does not necessarily save lives.

It is also well recognized that there are certain high-risk
patient subgroups in whom the role of device therapy
remains poorly defined. This includes patients with
NYHA class IV heart failure symptoms, those with end-
stage renal failure on renal replacement therapies, and
adults with corrected congenital heart disease. In the
interim, the management of these patients should be indi-
vidualized on a case-by-case basis.

Cardiac resynchronization therapy

A full review of CRT is beyond the scope of this manu-
script, but in eligible patients with broad QRS duration
(QRSd) of more than 120 ms, CRT alone has been shown
to confer a mortality benefit, in addition to improving
LVEF and quality of life and reducing the need for heart
failure hospitalizations.”?** The extent of improvement is
dependent on patient characteristics, with female patients
and those individuals with left bundle branch block, wider
QRS complexes, and/or more severe heart failure symp-
toms deriving more benefit.”>* The CARE-HF study ran-
domized NYHA class III or IV heart failure patients with
an LVEF of 35% or less and a QRSd of 120 ms or greater to
either optimal medical therapy or a CRT pacemaker. CRT
use resulted in a 36% reduction in all-cause mortality and a
52% decrease in unplanned heart failure hospitalizations.?*
Similar results were found in the COMPANION study,
whereby NYHA class III or IV heart failure patients with
LVEF of 35% or less, QRSd of 120 ms or more and a PR
interval of more than 150 ms were randomized to receive
optimal medical therapy, CRT alone, or CRT in combination
with an ICD.? The provision of CRT alone was associated
with a marginally significant (24%) reduction in all-cause
mortality (p = 0.06). The addition of ICD therapy improved
relative survival by a further 12%. The degree of reduc-
tion in hospitalizations for heart failure and cardiovascular
causes was statistically similar in both CRT groups.

Subcutaneous implantable cardioverter-defibrillators

With an increasing aging population, improved survival
among patients with complex heart disease, and easier
access to ICDs, a greater number of patients are living
with ICDs. While the use of ICDs has shown a clear sur-
vival benefit in the above-mentioned patient populations,
the use of transvenous leads has long been recognized to
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be linked with periprocedural and long-term complica-
tions, such as venous thrombosis, lead dislodgement,
cardiac perforation, and lead failures. If necessary, lead
extraction, especially of mature leads, exposes patients
to further procedural risks, including vascular dam-
age requiring surgery and even death. Furthermore, the
anatomy in certain patients may be unsuitable for trans-
venous lead placement due to the absence of upper limb
venous access, mechanical tricuspid valves, and congeni-
tal heart disease with a univentricular physiology.

To eliminate the need for venous access and potentially
avoid lead-related complications, the first subcutane-
ous ICD (S-ICD) was developed and implanted in 2008,
which consisted of an extra-cardiac, extra-thoracic, fully
subcutaneous system with a pulse generator implanted
in the left axillary position and a single lead containing a
defibrillation coil housed between two sensing electrodes
implanted parallel and lateral to the sternum (Figure 1).
The pulse generator functions both as the third sensing
electrode and as a part of the defibrillation pathway,
allowing for the entire system to provide three sensing
vectors and two shock polarities.

Figure 1: Chest radiographs demonstrating the differ-
ences between transvenous and subcutaneous ICD systems.
A: Transvenous ICD. B: S-ICD.
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The main advantage of S-ICD use is the redundancy of
vascular access and lead-related complications. S-ICD
lead placement does not require stylets and, hence, leads
do not have a lumen, giving it greater tensile strength.
Coupled with the fact that S-ICD leads are also subjected
to less mechanical stress than their transvenous counter-
parts as imposed by the beating heart, the longevity of
the S-ICD lead is expected to be greater than transvenous
leads. Furthermore, S-ICD implantation is performed
based on anatomical landmarks, eliminating the need of
fluoroscopy and exposure to radiation. Subsequent lead
extraction is relatively easier than that of transvenous
lead systems, although the oldest S-ICD systems are
still less than eight years old, a fact that limits our clini-
cal experience with the removal of mature subcutane-
ous leads. By the nature of its method of implantation,
S-ICD implantation also avoids periprocedural compli-
cations of pericardial effusion and pneumothorax. The
rate of complications of hematoma and device and lead
displacement have been found to be half that of conven-
tional ICDs.?

An early study by Bardy et al. found that the above
device configuration is as effective as conventional ICDs
in terminating VT, although a significantly higher energy
requirement (36 ] versus 11 ]) was needed.” Despite the
obvious strengths, however, the usage of S-ICDs presents
a different set of complications. In comparison with a
conventional ICD, S-ICDs have a larger pulse generator,
which increases the risk of tissue necrosis.”” Additionally,
with repeated discharges, they thus will exhibit a shorter
estimated battery longevity due to the higher energy
deliveries, and their costs remain significantly more than
those of a single-chamber ICD.%

Owing to the position of the sensing electrodes, the first
generation of S-ICDs was noted to be more susceptible to
inappropriate shocks resulting from T-wave oversensing,
supraventricular arrhythmias, myopotentials, and dou-
ble counting from bundle branch block.*® While simu-
lation studies have found S-ICD use to be more specific
in terms of supraventricular arrhythmia discrimination
than transvenous ICDs, in practice, the inappropriate
therapy rate of S-ICD use is much higher than that of con-
ventional ICDs, mostly due to T-wave oversensing.?’*2-3
Subsequent modifications such as the use of a suture
sleeve at the xiphoid incision to prevent lead displace-
ment, software updates to improve detection algorithms,
and the usage of dual-zone algorithms have reduced the
number of inappropriate shocks significantly.”**** In
dual-zone programming, all detections within the pro-
grammed shock zone, regardless of their characteris-
tics, are considered shockable. Within the slower condi-
tional shock zone, the QRS width and morphology of the
detected signal is compared with a reference ECG stored
during sinus rhythm. In addition, beat-to-beat morphol-
ogy variations are also examined and, based on these
three parameters, the S-ICD determines whether ther-
apy should be delivered.*® Confirmation of a shockable
rhythm is ensured separately prior to capacitor charging
and shock delivery.
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Preimplant ECG screening with patients in different pos-
tures is crucial to identifying patients unsuited for S-ICD
use, further lowering the rate of inappropriate therapy:.
Approximately 7% to 10% of patients fail the screen-
ing criteria, with a greater proportion being those with
hypertrophic cardiomyopathy or congenital heart dis-
ease.” ¥ It is controversial as to whether the exercise
testing used to screen patients believed to be at high risk
for T-wave oversensing, such as those with right bundle
branch block, abnormal repolarization on the ECG, or
those who are physically very active in daily life, pro-
vides any additional information for patient selection.**!
While the S-ICD is able to provide antibradycardia pac-
ing for up to 30 seconds after a shock is delivered, it is
unsuitable for use in patients who require chronic pac-
ing therapy or antitachycardia pacing. Should an S-ICD
recipient subsequently develop an indication for pacing,
an additional device is necessary. While the coexistence
of a leadless pacemaker and an S-ICD has been reported
in isolated case reports, longer-tem data and the abil-
ity to provide anything beyond right ventricular pacing
are lacking.*? In view of the above limitations, an S-ICD
may be a preferred option for younger patients who are
expected to have an increased lifetime risk of complica-
tions with transvenous ICD use, as well as those who are
at an increased risk of infection, those who have had pre-
vious lead complications or vascular access issue, and/
or those who do not have a requirement for bradycardia
or antitachycardia pacing. Ongoing clinical trials such
as MADIT S-ICD (NCT02787785) and S-ICD Brugada
(NCT02344277) are expected to better identify patient
subgroups who might benefit most from the use of S-ICD
technologies. To date, however, no randomized con-
trolled trials have been completed regarding S-ICD use
and, unlike in the case of transvenous ICDs, no clear mor-
tality benefit has been demonstrated. However, given our
understanding of the life-saving benefits of ICD therapy,
a randomized controlled study of S-ICD use versus tradi-
tional medical therapy in patients who are already eligi-
ble for ICD implantation would be ethically impossible.
A comparative study between S-ICD and transvenous
ICD use, ATLAS S-ICD (NCT02881255), is underway, and
is designed primarily to examine lead-related periopera-
tive complications, although prespecified secondary end-
points include mortality, successful defibrillation, and
inappropriate shocks. Such data would strongly validate
the ongoing “real-world” practice of implanting S-ICDs
instead of transvenous ICDs in patients eligible for both
technologies.

Wearable cardiac defibrillators

Although ICDs have proven efficacy, there exist certain
populations of at-risk individuals who are temporarily
unsuitable to undergo ICD implantation, or who may
not fulfill the criteria for ICD implantation in time due
to recovery of myocardial dysfunction. These patients
include (1) those who have undergone lead and device
extraction due to infection, and who are awaiting com-
pletion of antibiotic therapy prior to reimplantation;

The Journal of Innovations in Cardiac Rhythm Management, February 2018

E. Boey and P. Kojodjojo

(2) those with a new diagnosis of NICM who are under-
going a trial of guidelines-directed medical therapy, to
allow for recovery; and (3) those with coronary artery dis-
ease acutely post-revascularization, who have high-risk
features such as severe LV dysfunction or non-sustained
ventricular arrhythmias. During this interim period, they
remain at risk of SCD and, therefore, a temporalizing
solution such as an external wearable cardiac defibrilla-
tor (WCD) would be desirable.

The WCD is a vest equipped with sensing and defibrilla-
tion electrodes that is typically worn under the patient’s
clothing. It monitors their cardiac rhythm continuously,
transmits information on the patient’s arrhythmias as
needed, and delivers a shock if required. It is program-
mable to have several zones with variable response times
and shock energy. The WCD has been previously shown
to be more prone to administering inappropriate therapy
due to artifacts. Thus, countermeasures such as noise-
reducing algorithms, sensing functions to identify poor
electrode contact, and an alarm system that allows for
patients to participate in the prevention of inappropriate
therapy have been developed in order to reduce the inci-
dence of inappropriate shocks. Unlike an ICD, the WCD
is unable to provide backup pacing or antitachycardia
pacing functions.

Trials using the WCD in early post-MI patients have
reported appropriate shocks, mostly in the first month
after MI, with more than 80% shock success, in both
revascularized and unrevascularized patients, suggest-
ing the WCDs can detect and treat arrhythmias success-
fully, potentially reducing arrhythmic morality during
this period.*?

However, it is important to keep in mind that the true
benefits of WCD use have yet to be proven. Though
research has shown that WCDs deliver therapy in
patients to abort VI/VF with a high first-shock success
rate, the incidence of life-threatening arrhythmias neces-
sitating defibrillation in these studies has been low. In a
cohort of post-MI patients with EF < 35%, the incidence
of subjects experiencing WCD shocks for VI/VF was
3% and, among patients with NICM, only 1% received
appropriate shocks.*** In a single-center series of 254
NICM patients prescribed WCD use over a period of
10 years, no patients received an appropriate shock.*®
Another study involving a mixed patient population who
qualified for WCD use showed that only 2.7% of arrhyth-
mias lasted more than 25 seconds, and that the majority
of them were self-terminating. The rate of appropriate
shocks was 1.58 per 100 patient-months, and the rate of
inappropriate shocks was 0.99 per 100 patient-months.*
Furthermore, as seen in the DINAMIT and IRIS studies,
even having a defibrillator implanted in situ in the early
post-MI period did not seem to confer an overall mortal-
ity benefit. As such, while WCDs have shown themselves
to be clinically functional, their true benefits in terms of
longer-term outcomes and cost reduction remain unde-
termined. Of note, patient non-compliance with wear-
ing the vest can potentially lead to 10% to 30% of study
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participants discontinuing device use due to comfort or
lifestyle reasons, further impacting clinical efficiency and
cost-effectiveness.’ 48

Despite these uncertainties, however, it is undeniable that
WCDs have a niche that straddles the gap between having
an ICD implanted and going sans cardiac protection. The
precise role of WCDs is expected to become clearer with
the making of technological modifications to improve
patient comfort/compliance and the conduction of stud-
ies aimed at providing data on long-term outcomes and
ideal patient subgroups who might best benefit from the
use of these devices.

Community preparedness

Most cases of SCD occur in the general population, and
largely in patients whose LVEF scores do not fulfill the
current criteria for (> 40%) for ICD therapy. In fact, many
of these individuals are asymptomatic, and do not have
or have never had a formal diagnosis of cardiac disease.*’
Within the general population, parameters to identify
potential SCD victims lack sensitivity, while the implan-
tation of ICDs in this large group would be impractical
and unlikely to be cost-effective.

In this setting, community preparedness and the capa-
bility to provide prompt bystander or first responder
cardiopulmonary resuscitation (CPR) is critical. The
links in this “chain of survival” represent the perfor-
mance of early assessment and the use of early basic
life support, early defibrillation, and early advanced life
support, respectively.” Bystander-performed CPR has
been seen to improve survival following SCD by two to
four times,”® and earlier defibrillation administration
performed within three to five minutes of SCD onset
improves survival by 50% to 70%.>*® Each minute of
delay in defibrillation decreases the chance of survival by
10%.°7°8 However, despite the clear association between
early response and survival, it has been previously found
that only 15% to 30% of SCD victims in the community
receive bystander CPR, while only 3% received defibrilla-
tion using an automated external defibrillator (AED).>*%
Ideally, in urban settings, bystander CPR should always
be initiated earlier than any emergency response team’s
arrival on the scene. There has been a multitude of
approaches employed to improve bystander CPR rates.®!

With smartphones becoming one of the most common
devices in the community, smartphone applications
have the potential to impact public education, includ-
ing with respect to occurrence of SCD onset and AED
locations. A study in Sweden found that bystander
CPR incidence increased by 14% when a mobile phone
system was employed to alert bystanders to a nearby
collapse.” A smartphone with an accelerometer can
even provide real-time feedback on the quality of CPR
efforts, potentially improving outcomes. Increasing
the number of bystanders who are capable of perform-
ing CPR and competent in the use of AEDs by mass
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public education campaigns would favorably impact
the timing and delivery of early care. Public awareness
regarding CPR has already increased through mass
training events, mandatory CPR testing, CPR train-
ing in schools, and the introduction of mobile phone
applications. The provision of ambulance dispatcher
assistance to bystanders performing CPR has also been
found to approximately double bystander CPR perfor-
mance rates, with a consequent improvement in 30-day
survival rates.®?

Increasing public awareness regarding CPR performance
also means that more people will likely be able to operate
and use an AED effectively. Expanding the accessibility
of AEDs has further improved the chain of survival. The
PAD trial showed that having more AEDs in the com-
munity improved survival twofold.®> More recently, the
concept of having a drone network designed to deliver
AEDs to the site of an out-of-hospital cardiac arrest has
been modeled, with results demonstrating that such a
strategy could result in the quicker availability of AEDs.%
Further field testing is required to validate this interest-
ing concept. One caveat, however, is that although hav-
ing shorter AED response times should logically result
in reduced SCD mortality, another study found that the
deployment of AEDs in the homes of patients early after
anterior MI did not result in reduced mortality compared
with training family members in basic life support meth-
ods, suggesting that multiple factors influence the use of
AED:s in the community.®®

Undoubtedly, prevention is better than a cure. Primary
and secondary preventative measures of coronary heart
disease, to which 80% of SCD episodes are attributed to,
particularly in emerging countries, are vital to imple-
ment. A greater emphasis on delivering guidelines-
directed care—such as by ensuring the appropriate use of
statins, B-blockers, and angiotensin-converting-enzyme
inhibitors; tackling obesity; achieving optimal diabetic
control; prompting the cessation of smoking habits in
those patients who are vulnerable; and pushing for the
adaptation of widespread positive lifestyle measures to
reduce the overall risk of SCD—should be considered.

References

1. Writing Group M, Mozaffarian D, Benjamin EJ, et al. Heart
Disease and Stroke Statistics-2016 update: a report from the
American Heart Association. Circulation. 2016;133(4):e38-360.

2. Mirowski M, Reid PR, Mower MM, et al. Termination of malig-
nant ventricular arrhythmias with an implanted automatic defi-
brillator in human beings. N Engl ] Med. 1980;303(6):322-324.

3. Antiarrhythmics versus Implantable Defibrillators (AVID)
Investigators. A comparison of antiarrhythmic-drug therapy
with implantable defibrillators in patients resuscitated from
near-fatal ventricular arrhythmias. N Engl | Med. 1997,337(22):
1576-1583.

4. Connolly SJ, Gent M, Roberts RS, et al. Canadian implantable
defibrillator study (CIDS): a randomized trial of the implanta-
ble cardioverter defibrillator against amiodarone. Circulation.
2000;101(11):1297-1302.

The Journal of Innovations in Cardiac Rhythm Management, February 2018



10.

11.

12.

13.

14.

15.

16.

17.

18.

The Journal of Innovations in Cardiac Rhythm Management, February 2018

. Kuck KH, Cappato R, Siebels ], Ruppel R. Randomized com-

parison of antiarrhythmic drug therapy with implantable
defibrillators in patients resuscitated from cardiac arrest:
the Cardiac Arrest Study Hamburg (CASH). Circulation.
2000;102(7):748-754.

. Connolly SJ, Hallstrom AP, Cappato R, et al. Meta-analysis

of the implantable cardioverter defibrillator secondary pre-
vention trials. AVID, CASH and CIDS studies. Antiarrhyth-
mics vs Implantable Defibrillator study. Cardiac Arrest
Study Hamburg. Canadian Implantable Defibrillator Study.
Eur Heart J. 2000;21(24):2071-2078.

. Bardy GH, Lee KL, Mark DB, et al. Amiodarone or an

implantable cardioverter-defibrillator for congestive heart
failure. N Engl | Med. 2005;352(3):225-237.

. Buxton AE, Lee KL, Fisher JD, Josephson ME, Prystowsky

EN, Hafley G. A randomized study of the prevention of sud-
den death in patients with coronary artery disease. Multi-
center Unsustained Tachycardia Trial Investigators. N Engl |
Med. 1999;341(25):1882-1890.

. Moss AJ, Hall W], Cannom DS, et al. Improved survival

with an implanted defibrillator in patients with coronary
disease at high risk for ventricular arrhythmia. Multicenter
Automatic Defibrillator Implantation Trial Investigators.
N Engl ] Med. 1996,335(26):1933-1940.

Moss AJ, Zareba W, Hall W], et al. Prophylactic implantation
of a defibrillator in patients with myocardial infarction and
reduced ejection fraction. N Engl ] Med. 2002;346(12):877-883.
Salukhe TV, Dimopoulos K, Sutton R, Coats A]J, Piepoli M,
Francis DP. Life-years gained from defibrillator implanta-
tion: markedly nonlinear increase during 3 years of follow-
up and its implications. Circulation. 2004;109(15):1848-1853.
Priori SG, Blomstrom-Lundqvist C, Mazzanti A, et al.
2015 ESC Guidelines for the management of patients
with ventricular arrhythmias and the prevention of sud-
den cardiac death: The Task Force for the Management of
Patients with Ventricular Arrhythmias and the Prevention
of Sudden Cardiac Death of the European Society of
Cardiology (ESC). Endorsed by: Association for European
Paediatric and Congenital Cardiology (AEPC). Eur Heart ].
2015;36(41):2793-2867.

Tracy CM, Epstein AE, Darbar D, et al. 2012 ACCF/AHA/
HRS focused update of the 2008 guidelines for device-based
therapy of cardiac rhythm abnormalities: a report of the
American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines
and the Heart Rhythm Society. [corrected]. Circulation.
2012;126(14):1784-1800.

Kober L, Thune JJ, Nielsen ]JC, et al. Defibrillator implan-
tation in patients with nonischemic systolic heart failure.
N Engl ] Med. 2016;375(13):1221-1230.

Kadish A, Dyer A, Daubert JP, et al. Prophylactic defibril-
lator implantation in patients with nonischemic dilated
cardiomyopathy. N Engl | Med. 2004;350(21):2151-2158.
Barakat AF, Saad M, Elgendy AY, et al. Primary prevention
implantable cardioverter defibrillator in patients with non-
ischaemic cardiomyopathy: a meta-analysis of randomized
controlled trials. BM] Open. 2017;7(6):e016352.

Gulati A, Jabbour A, Ismail TF, et al. Association of fibrosis
with mortality and sudden cardiac death in patients with
nonischemic dilated cardiomyopathy. JAMA. 2013;309(9):
896-908.

Halliday BP, Gulati A, Ali A, et al. Association between
midwall late gadolinium enhancement and sudden cardiac
death in patients with dilated cardiomyopathy and mild and
moderate left ventricular systolic dysfunction. Circulation.
2017;135(22):2106-2115.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

E. Boey and P. Kojodjojo

Hohnloser SH, Kuck KH, Dorian P, et al. Prophylactic use
of an implantable cardioverter-defibrillator after acute myo-
cardial infarction. N Engl | Med. 2004;351(24):2481-2488.
Steinbeck G, Andresen D, Seidl K, et al. Defibrillator implan-
tation early after myocardial infarction. N Engl | Med.
2009;361(15):1427-1436.

Pouleur AC, Barkoudah E, Uno H, et al. Pathogenesis
of sudden unexpected death in a clinical trial of patients
with myocardial infarction and left ventricular dysfunction,
heart failure, or both. Circulation. 2010;122(6):597-602.
Wilber DJ, Zareba W, Hall W], et al. Time dependence
of mortality risk and defibrillator benefit after myocardial
infarction. Circulation. 2004;109(9):1082-1084.

Bristow MR, Saxon LA, Boehmer ], et al. Cardiac-
resynchronization therapy with or without an implantable
defibrillator in advanced chronic heart failure. N Engl | Med.
2004;350(21):2140-2150.

Cleland JG, Daubert JC, Erdmann E, et al. The effect of car-
diac resynchronization on morbidity and mortality in heart
failure. N Engl ] Med. 2005;352(15):1539-1549.

Tang AS, Wells GA, TalajicM, etal. Cardiac-resynchronization
therapy for mild-to-moderate heart failure. N Engl | Med.
2010;363(25):2385-2395.

Moss AJ, Hall W], Cannom DS, et al. Cardiac-resynchronization
therapy for the prevention of heart-failure events. N Engl |
Med. 2009;361(14):1329-1338.

Bardy GH, Smith WM, Hood MA, et al. An entirely subcu-
taneous implantable cardioverter-defibrillator. N Engl | Med.
2010;363(1):36-44.

Burke MC, Gold MR, Knight BP, etal. Safety and efficacy of the
totally subcutaneous implantable defibrillator: 2-year results
from a pooled analysis of the IDE study and EFFORTLESS
registry. | Am Coll Cardiol. 2015;65(16):1605-1615.

Aziz S, Leon AR, El-Chami MF. The subcutaneous defi-
brillator: a review of the literature. | Am Coll Cardiol.
2014;63(15):1473-1479.

Saxon LA. The subcutaneous implantable defibrillator:
a new technology that raises an existential question for
the implantable cardioverter-defibrillator.  Circulation.
2013;128(9):938-940.

Brady PA, Friedman PA, Trusty JM, Grice S, Hammill SC,
Stanton MS. High failure rate for an epicardial implantable
cardioverter-defibrillator lead: implications for long-term
follow-up of patients with an implantable cardioverter-defi-
brillator. ] Am Coll Cardiol. 1998;31(3):616—622.

Gold MR, Theuns DA, Knight BP, et al. Head-to-head
comparison of arrhythmia discrimination performance of
subcutaneous and transvenous ICD arrhythmia detection
algorithms: the START study. | Cardiovasc Electrophysiol.
2012;23(4):359-366.

Moss AJ, Schuger C, Beck CA, et al. Reduction in inappro-
priate therapy and mortality through ICD programming.
N Engl ] Med. 2012;367(24):2275-2283.

Weiss R, Knight BP, Gold MR, et al. Safety and efficacy of a
totally subcutaneous implantable-cardioverter defibrillator.
Circulation. 2013;128(9):944-953.

Lambiase PD, Barr C, Theuns DA, et al. Worldwide experi-
ence with a totally subcutaneous implantable defibrillator:
early results from the EFFORTLESS S-ICD Registry. Eur
Heart J. 2014;35(25):1657-1665.

Gold MR, Weiss R, Theuns DA, et al. Use of a discrimination
algorithm to reduce inappropriate shocks with a subcuta-
neous implantable cardioverter-defibrillator. Heart Rhythm.
2014;11(8):1352-1358.

Groh CA, Sharma S, Pelchovitz DJ, et al. Use of an electro-
cardiographic screening tool to determine candidacy for a

3031



Preventing SCD in Patients with SHD

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

subcutaneous implantable cardioverter-defibrillator. Heart
Rhythm. 2014;11(8):1361-1366.

Olde Nordkamp LR, Warnaars JL, Kooiman KM, et al. Which
patients are not suitable for a subcutaneous ICD: incidence
and predictors of failed QRS-T-wave morphology screening.
J Cardiovasc Electrophysiol. 2014;25(5):494-499.

Zeb M, Curzen N, Veldtman G, et al. Potential eligibility of
congenital heart disease patients for subcutaneous implant-
able cardioverter-defibrillator based on surface electrocar-
diogram mapping. Europace. 2015;17(7):1059-1067.
Kooiman KM, Knops RE, Olde Nordkamp L, Wilde AA, de
Groot JR. Inappropriate subcutaneous implantable cardio-
verter-defibrillator shocks due to T-wave oversensing can
be prevented: implications for management. Heart Rhythm.
2014;11(3):426-434.

Afzal MR, Evenson C, Badin A, et al. Role of exercise electro-
cardiogram to screen for T-wave oversensing after implanta-
tion of subcutaneous implantable cardioverter-defibrillator.
Heart Rhythm. 2017;14(10):1436-1439.

Tjong VF, Brouwer TF, Koop B, et al. Acute and 3-month
performance of a communicating leadless anti-tachycardia
pacemaker and subcutaneous implantable defibrillator.
JACC Clin Electrophysiol. 2017 May 31. [Epub ahead of print].
Epstein AE, Abraham WT, Bianco NR, et al. Wearable car-
dioverter-defibrillator use in patients perceived to be at
high risk early post-myocardial infarction. ] Am Coll Cardiol.
2013;62(21):2000-2007.

Chung MK, Szymkiewicz SJ, Shao M, et al. Aggregate
national experience with the wearable cardioverter-defi-
brillator: event rates, compliance, and survival. ] Am Coll
Cardiol. 2010;56(3):194-203.

Kutyifa V, Moss AJ, Klein H, et al. Use of the wearable cardi-
overter defibrillator in high-risk cardiac patients: data from
the Prospective Registry of Patients Using the Wearable
Cardioverter Defibrillator (WEARIT-II Registry). Circulation.
2015;132(17):1613-1619.

Singh M, Wang NC, Jain S, Voigt AH, Saba S, Adelstein
EC. Utility of the wearable cardioverter-defibrillator
in patients with newly diagnosed cardiomyopathy: a
decade-long single-center experience. | Am Coll Cardiol.
2015;66(23):2607-2613.

Dillon KA, Szymkiewicz SJ, Kaib TE. Evaluation of the effec-
tiveness of a wearable cardioverter defibrillator detection
algorithm. | Electrocardiol. 2010;43(1):63-67.

Feldman AM, Klein H, Tchou P, et al. Use of a wearable defi-
brillator in terminating tachyarrhythmias in patients at high
risk for sudden death: results of the WEARIT/BIROAD.
Pacing Clin Electrophysiol. 2004;27(1):4-9.

Stecker EC, Vickers C, Waltz ], et al. Population-based
analysis of sudden cardiac death with and without left ven-
tricular systolic dysfunction: two-year findings from the
Oregon Sudden Unexpected Death Study. | Am Coll Cardiol.
2006;47(6):1161-1166.

Nolan ], Soar ], Eikeland H. The chain of survival.
Resuscitation. 2006;71(3):270-271.

Wissenberg M, Lippert FK, Folke F, et al. Association of
national initiatives to improve cardiac arrest management
with rates of bystander intervention and patient survival after
out-of-hospital cardiac arrest. JAMA. 2013,;310(13):1377-1384.
Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors
of survival from out-of-hospital cardiac arrest: a systematic
review and meta-analysis. Circ Cardiovasc Qual Outcomes.
2010;3(1):63-81.

Hasselqvist-Ax I, Riva G, Herlitz J, et al. Early cardiopulmo-
nary resuscitation in out-of-hospital cardiac arrest. N Engl |
Med. 2015;372(24):2307-2315.

3032

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Blom MT, Beesems SG, Homma PC, et al. Improved survival
after out-of-hospital cardiac arrest and use of automated
external defibrillators. Circulation. 2014;130(21):1868-1875.
Ringh M, Rosenqvist M, Hollenberg J, et al. Mobile-phone
dispatch of laypersons for CPR in out-of-hospital cardiac
arrest. N Engl | Med. 2015;372(24):2316-2325.

Valenzuela TD, Roe DJ, Nichol G, Clark LL, Spaite DW,
Hardman RG. Outcomes of rapid defibrillation by secu-
rity officers after cardiac arrest in casinos. N Engl | Med.
2000;343(17):1206-1209.

Larsen MP, Eisenberg MS, Cummins RO, Hallstrom AP.
Predicting survival from out-of-hospital cardiac arrest: a
graphic model. Ann Emerg Med. 1993;22(11):1652-1658.
Holmberg M, Holmberg S, Herlitz J. Incidence, duration and
survival of ventricular fibrillation in out-of-hospital cardiac
arrest patients in Sweden. Resuscitation. 2000;44(1):7-17.
Abella BS. The importance of cardiopulmonary resuscita-
tion quality. Curr Opin Crit Care. 2013;19(3):175-180.

Chan TC, Li H, Lebovic G, et al. Identifying locations for
public access defibrillators using mathematical optimiza-
tion. Circulation. 2013;127(17):1801-1809.

Sasson C, Meischke H, Abella BS, et al. Increasing car-
diopulmonary resuscitation provision in communities
with low bystander cardiopulmonary resuscitation rates:
a science advisory from the American Heart Association
for healthcare providers, policymakers, public health
departments, and community leaders. Circulation.
2013;127(12):1342-1350.

Harjanto S, Na MX, Hao Y, et al. A before-after interven-
tional trial of dispatcher-assisted cardio-pulmonary resus-
citation for out-of-hospital cardiac arrests in Singapore.
Resuscitation. 2016;102:85-93.

Hallstrom AP, Ornato JP, Weisfeldt M, et al. Public-access
defibrillation and survival after out-of-hospital cardiac
arrest. N Engl | Med. 2004;351(7):637-646.

Boutilier J], Brooks SC, Janmohamed A, et al. Optimizing a
drone network to deliver automated external defibrillators.
Circulation. 2017;135(25):2454-2465.

Bardy GH, Lee KL, Mark DB, et al. Home use of automated
external defibrillators for sudden cardiac arrest. N Engl |
Med. 2008;358(17):1793-1804.

ISIS-2 (Second International Study of Infarct Survival)
Collaborative Group. Randomised trial of intravenous
streptokinase, oral aspirin, both, or neither among 17,187
cases of suspected acute myocardial infarction: ISIS-2.
Lancet. 1988;2(8607):349-360.

SOLVD Investigators, Yusuf S, Pitt B, Davis CE, Hood WB,
Cohn JN. Effect of enalapril on survival in patients with
reduced left ventricular ejection fractions and congestive
heart failure. N Engl | Med. 1991;325(5):293-302.
Scandinavian  Simvastatin = Survival Study  Group.
Randomised trial of cholesterol lowering in 4,444 patients
with coronary heart disease: the Scandinavian Simvastatin
Survival Study (4S). Lancet. 1994;344(8934):1383-1389.
Keeley EC, Boura JA, Grines CL. Primary angioplasty ver-
sus intravenous thrombolytic therapy for acute myocardial
infarction: a quantitative review of 23 randomised trials.
Lancet. 2003;361(9351):13-20.

Jolliffe JA, Rees K, Taylor RS, Thompson D, Oldridge N,
Ebrahim S. Exercise-based rehabilitation for coronary heart
disease. Cochrane Database Syst Rev. 2001;(1):CD001800.
Goldenberg I, Gillespie J, Moss AJ, et al. Long-term benefit
of primary prevention with an implantable cardioverter-
defibrillator: an extended 8-year follow-up study of the
Multicenter Automatic Defibrillator Implantation Trial II
Circulation. 2010;122(13):1265-1271.

The Journal of Innovations in Cardiac Rhythm Management, February 2018



	_GoBack

