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Abstract The introduction of an implantable cardioverter defibrillator (ICD) in clinical prac-
tice has revolutionized our therapeutic approach for both primary and secondary prevention of
sudden cardiac death (SCD), as it has proven to be superior to medical therapy in treating
potentially life-threatening ventricular arrhythmias and has resulted in reduced mortality
rates. However, implantation of a conventional ICD carries a non-negligible risk of periproce-
dural and long-term complications associated with the transvenous ICD leads. The entirely sub-
cutaneous implantable cardioverter defibrillator (S-ICD) has recently emerged as a therapeutic
alternative to the conventional ICD for patients with various cardiopathies and who are at high
risk of SCD. The main advantage is the avoidance of vascular access and thus avoidance of com-
plications associated with transvenous leads. Patients without pacing indications, such as
bradycardia, a need for antitachycardia pacing or cardiac resynchronization, as well as those
at higher risk of complications from transvenous lead implantation are perfect candidates for
this novel technology. The subcutaneous ICD has proven to be equally safe and effective
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compared to transvenous ICD systems in early clinical trials. Further technical improvements
of the system will likely lead to the expansion of indications and widespread use of this tech-
nology. In the present review, we discuss the indications for this system, summarize early clin-
ical experiences and highlight the advantages and disadvantages of this novel technology. In
addition, we present the first two cases of subcutaneous cardioverter defibrillator system im-
plantation in Greece.
ª 2017 Hellenic Society of Cardiology. Publishing services by Elsevier B.V. This is an open ac-
cess article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Figure 1 The subcutaneous ICD system (image courtesy of
1. Introduction

Despite the significant decrease in cardiovascular mortality
over the past 20 years, the incidence of sudden cardiac
death (SCD) in the general population is currently esti-
mated at 50e100 per 100,000, and it accounts for approx-
imately 300,000 deaths in the U.S. annually, with
proportionate numbers in Europe.1,2 Since 1980, when they
were first introduced in clinical practice,3 implantable
cardioverter defibrillators (ICDs) have shown significant
survival benefits in individuals at risk of sudden arrhythmic
death.1,4e8

The widespread use of the conventional ICD,9 however,
is associated with significant procedural and long-term
complications that are mainly associated with the use of
a transvenous lead within the right ventricle. These include
pneumothorax, cardiac perforation, pericardial effusion
and tamponade, lead dislodgement, lead malfunction due
to insulation failure or lead fractures, venous occlusion and
systemic infections.10 A recent observational study re-
ported a 1.5% rate of major complications.11 The incidence
of complications appears to be higher in the pediatric
population and in younger patients, who are expected to
undergo multiple procedures. Recent data suggest a sig-
nificant decrease in transvenous lead longevity from
91e99% at 2 years to 60e72% at 8 years.12 Moreover, the
extraction of transvenous lead systems, which is occasion-
ally required, is associated with significant procedural risks
and high morbidity and mortality.

Recently, an entirely subcutaneous ICD system (S-ICD)
has been developed to overcome many of the problems
associated with conventional transvenous ICDs. In the pre-
sent review, the current evidence, target population and
other important issues regarding the advantages and dis-
advantages of S-ICDs are discussed.

2. Device features and implantation procedure

The S-ICD system is comprised of two basic components,
i.e., a generator and an electrode lead (Fig. 1) that are
both implanted subcutaneously.13

� The pulse generator is placed over the fifth to sixth
intercostal space between the left anterior and mid-
axillary line (Fig. 2). The device is larger and weighs
145 g, which is approximately double that of a trans-
venous ICD. The generator is able to (a) provide up to
five high-energy (80 J), non-programmable, defibrilla-
tion shocks per episode through the use of a constant tilt
of 50% and a biphasic waveform and (b) deliver post-
shock bradycardia pacing at 50 beats per minute, using
a 200 mA biphasic transthoracic pulse for a period of up
to 30 s if >3.5 s of post-shock asystole is detected. The
estimated longevity is 5 years for the initial S-ICDs,
though it exceeds 7 years for the latest generation
models. Additionally, remote follow-up of the device is
now available for new S-ICD models.

� The 3-mm lead comprises both sensing and defibrillating
properties and is tripolar, consisting of three electrodes;
these are the ICD can, a distal electrode on the tip of the
defibrillator lead and a proximal electrode located
approximately 8 cm from the tip of the lead (Fig. 2).1 It
is positioned such that the distal part is placed parallel
and 1 to 2 cm to the left side of the sternum. The distal
sensing electrode is localized at the junction of the
sternum and the manubrium, while the proximal sensing
electrode, which is the anchoring point for the lead, is
positioned adjacent to the xiphoid process. Between the
two sensing electrodes stands the 8-cm coil for defi-
brillation against the defibrillator can. Implantation is
performed using three incisions (i.e., one for the lateral
pocket and two parasternal incisions). The lead is
tunneled from the lateral pocket through the para-
sternal incisions, guided by anatomic landmarks only,
without the use of fluoroscopy. The superior parasternal
incision is prone to exposure, and subsequently to
infection, and it may be aesthetically undesirable to the
patient. Thus, alternatively, a two-incision technique
Boston Scientific Corporation, with kind permission to reprint).
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Figure 2 A, Schematic presentation of the subcutaneous ICD system position (image courtesy of Boston Scientific Corporation,
with kind permission to reprint). B, Primary, secondary and alternate shocking vectors of the subcutaneous ICD system (De Maria E,
Olaru A, Cappelli S. The subcutaneous defibrillator: who stands to benefit. The e-journal of the ESC Council for Cardiology Practice,
Vol 12, No 17, with kind permission to reprint).
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avoiding the superior parasternal incision, which was
shown to be equally safe and efficacious to the three-
incision technique, has been developed.14 Further-
more, in patients with a more centrally positioned heart,
a right parasternal position of the lead may be preferred
to include more left ventricular heart muscle in the
defibrillation field and achieve optimal sensing.15

Arrhythmia detection is performed using 1 of the 3
vectors that are formed between the three sensing poles of
the system (Fig. 2)13; these consist of the primary vector
(i.e., proximal electrode ring-to-can), the secondary vector
(i.e., distal electrode ring-to-can) and an alternate vector
Figure 3 Screening electrocardiographic ECG template to confirm
Scientific Corporation, with kind permission to reprint).
(i.e., distal electrode ring-to-proximal electrode ring). The
S-ICD automatically selects the most appropriate vector for
rhythm detection according to the highest R amplitude and
the most satisfactory R-wave/T-wave ratio to minimize the
risk for double QRS counting and T-wave oversensing.13

However, polarity can also be switched manually.13

In addition, to ensure patient eligibility for an S-ICD, it is
recommended to perform a screening electrocardiographic
(ECG) template to confirm a satisfactory R-wave/T-wave
ratio pre-implantation in no fewer than two postures
(Fig. 3).16 At least one of the three available sensing con-
figurations has to be acceptable in both postures.13 How-
ever, recently it was demonstrated that 15% of candidates
a satisfactory R-wave/T-wave ratio (image courtesy of Boston
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will not qualify for the S-ICD system due to the lack of an
adequate vector.17

After the device has been successfully implanted, it is
advised to always test the system effectiveness in the lab
using a defibrillation test (DFT), although this is no longer
necessary for the conventional ICD system.13 However, this
practice is mandatory for the S-ICD because clinical experi-
ence and long-term follow-up data are limited and because
the studies that established the safety and effectiveness of
the system utilized defibrillation testing.13 During the DFT,
conversion of induced ventricular fibrillation (VF) is tested
using 65 J, though once implanted the S-ICD delivers a non-
programmable 80-J shock to ensure a 15-J safety margin. If
the DFT is unsuccessful, the shock vector is reversed. Occa-
sionally, repositioning the generator or lead is necessary, and
the defibrillation test is repeated until it is successful.

The detection zone is programmed from 170e250 beats
per minute (bpm) with the device having a total storage
capacity of 24 episodes (i.e., maximum of 120-s of recorded
electrograms per event).13 Except from the shock zone, the
system offers the option of programming two-zone therapy
as follows13: (1) In the shock zone (corresponding to the VF
zone of the transvenous ICD), the S-ICD system calculates
the heart rate as the average of the last 4 intervals and
performs tachycardia analysis using an 18/24 duration
criteria. The only criterion for therapy is the actual heart
rate. The analysis is repeated to confirm the presence of
tachyarrhythmia after capacitor charging (average time of
14� 2 s) but before shock delivery. Thus, the presence of
non-sustained tachyarrhythmias is excluded. (2) In the
optional rhythm discrimination conditional zone, additional
electrocardiographic morphology and stability criteria are
used to discriminate ventricular tachyarrhythmia from
supraventricular tachycardias and to avoid inappropriate
shocks. These criteria include correlation waveform anal-
ysis of each ventricular complex comparing the current
tachycardia beat with the stored template acquired at
rest, evaluation of monomorphic or polymorphic relation-
ships in beat-to-beat analysis (i.e., polymorphic relation-
ship indicates ventricular tachyarrhythmia) and QRS width
analysis compared with the baseline template (i.e., wide
QRS complexes in combination with a monomorphic rela-
tionship indicate ventricular tachycardia). Recent data
suggest that dual-zone programming reduces inappropriate
shocks and thus is recommended for routine program-
ming.18,19 In the non-randomized multicenter EFFORTLESS
S-ICD registry, the inappropriate shock rate was reduced
with dual-zone programming to 6.4% compared to 12% with
single-zone programming.18 If ventricular tachyarrhythmia
is confirmed, the device is able to deliver up to 5 shocks of
80 J. If the first shock is unsuccessful, polarity is auto-
matically reversed for each successive shock. Of note, in
patients who develop bundle branch block during a supra-
ventricular tachycardia episode leading to incorrect clas-
sification of the tachyarrhythmia as ventricular, an ECG
template recording aberrant beat morphology can be
included provided that this was recognized during
screening. In these cases, the QRS-complex and T-wave
morphology is compared to a template registered and
stored by the S-ICD immediately after implantation to
discriminate between supraventricular and ventricular
arrhythmias.20
As mentioned previously, the S-ICD system is able to
deliver post-shock bradycardia pacing on demand for up to
30 seconds. However, the system does not provide long-
term pacing and therefore is not adequate for patients with
symptomatic bradycardia, with frequent ventricular
tachycardia episodes that are likely to benefit from anti-
tachycardia pacing (ATP), or who require for cardiac
resynchronization therapy.13

3. Current evidence regarding safety and
efficacy of the s-ICD: Present and future

Despite the fact that data and experience are still limited
compared to conventional transvenous ICDs, S-ICD tech-
nology has expanded worldwide since its initial approval in
Europe in 2009.

Results from initial trials were published in 2010 by
Bardy et al, and they demonstrated short-term safety and
efficacy of the S-ICD. In the pilot trial, which consisted of 6
patients, all 18 episodes of induced VF were successfully
detected and defibrillated, although the defibrillation
threshold was significantly higher than that of conventional
ICD.13

However, most evidence is currently obtained from the
Investigational Device Exemption (IDE) study,21 a prospec-
tive, non-randomized, multicenter, international trial, and
the EFFORTLESS (Evaluation oF FactORs ImpacTing CLinical
Outcome and Cost EffectiveneSS) S-ICD Registry,18 an
ongoing, non-randomized, multicenter registry in approxi-
mately 50 investigational centers in Europe and New Zea-
land. To provide real world experience, the target sample
size of the EFFORTLESS S-ICD Registry is 1,000 patients with
at least 60 months of follow-up. In addition, supplementary
evidence regarding the safety and efficacy of the S-ICD has
been generated in several other trials.23e27 A recent meta-
analysis of the IDE study and EFFORTLESS Registry included
882 patients who underwent S-ICD implantation and were
followed for 651� 345 days. In that study, 111 spontaneous
VT/VF events were treated in 59 patients. Of these, 100
(90.1%) events were terminated with 1 shock, and 109
events (98.2%) were terminated within the 5 available
shocks, demonstrating that the S-ICD system has high effi-
cacy.22 An overview of the different S-ICD trials is pre-
sented in Table 1. Although data on the long-term
tolerability and safety of the treatment are currently
lacking, initial results from these studies provide evidence
for the safety and efficacy of the S-ICD system.

The ongoing Prospective Randomized Comparison of
Subcutaneous and Transvenous Implantable Cardioverter-
Defibrillator Therapy (PRAETORIAN) trial aims to recruit 700
patients with class I or IIa indication for ICD but without
indication for pacing therapy from various centers at the
Netherlands (estimated median follow-up: 30 months). This
is the first randomized prospective study to compare the
safety and effectiveness of the S-ICD to the conventional
transvenous ICD system.28

4. Indications and patient selection

Because current evidence suggests that subcutaneous de-
fibrillators are effective in preventing SCD, most patients



Table 1 Safety and effectiveness of the S-ICD system: overview of the different S-ICD trials.

Patient
number (n)

Age (years) Follow-up Underlying heart disease Primary
prevention

Success at
conversion test
of inducible VT/VF

Success at
conversion of
clinical VT/VF

Incidence of
Inappropriate
shocks

Incidence
of infection
need for
explantation)Ischaemic

CM
Idiopathic
dilative CM

Other 1st
shock

Overall
shocks

Bardy et al7

(2010)
55 56� 13 10� 1m 67% 18% 15% 78% 98%

(ttt: 14.0� 2.5 s)
N/A 100% 9% 3.6%

Lambiase et al18

(2014)
EFFORTLESS
S-ICD Registry

472 49� 18 558 d 37% 9.1% 53.9% 63% 99.7%
(ttt: 15.1� 3.8 s)

88% 100%
(ttt: 17.5�
4.4 s)

7%
(o/s: 5.9%)

4%
(2.2%)

Weiss et al21

(2013)
IDE study

314
(implanted/
discharged
with device)

51.9� 15.5 330 d N/A
(previous
MI: 41.4%)

N/A N/A 79.4% 99.8%
(ttt: 14.6� 2.9 s)

92.1% 97.4% 13.1%
(o/s: 8%)

5.7%
(1.3%)

Burke et al22

(2015)
EFFORTLESS/IDE
pooled analysis

882 50.3� 16.9 651� 345 d 37.8% 31.8% 30.4% 69.9% 98.6% 90.1% 98.2% 13.1% (o/s and
low amplitude
signals: 66%
of cases)

1.9%
(device &
superficial
infection)

Olde Nordkamp
et al23

(2012)
(Dutch cohort)

118 50 18� 7 m 38% 18.5% 43.5% 60% 100% 98% 100% 13% 5.9%

Jarman et al24

(2013)
(UK registry)

111 33 12.7� 7.1 m 14% 5% 81% 50% 100% 100% 100% 15%
(o/s: 82%
of cases)

9.9%
(4%)

K}obe et al25

(2013)
69 45� 7 217� 138 d 15.9% 36.2% 47.9% 59.4% 95.5% N/A 100% 5.2%

(o/s: 100%
of cases)

1.4%

Dabiri Abkenari
et al26

(2011)

31 53� 16 286 d 58% 13% 29% 67.7% 100%
(ttt: 13.9� 2.55 s)

N/A 100% 16%
(o/s: 85%
of cases)

3.2%

Aydin et al27

(2012)
40 42� 15 229 d

(median)
22.5% 22.5% 55% 42.5% 97.5% 57.9% 96.4% 5% 0

M, months; d, days; CM, cardiomyopathy; MI, myocardial infarction; VT, ventricular tachycardia; VF, ventricular fibrillation; ttt, time to therapy; s, seconds; o/s, oversensing.
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with an indication for ICD implantation could potentially be
considered as candidates for the S-ICD.1 In the recently
released (2015) Clinical Practice Guidelines for the Pre-
vention of Sudden Cardiac Death of the European Society of
Cardiology (ESC), the use of the S-ICD system is recom-
mended as an alternative to transvenous ICDs when pacing
therapy for bradycardia, cardiac resynchronization or
antitachycardia pacing is not needed (Class IIaC).1 More-
over, the device may be useful, alternatively to the trans-
venous ICD system, when venous access is difficult, in young
patients facing a lifetime of device therapy and in patients
after the removal of a transvenous ICD system for infection
(Class IIbC ) (Fig. 4).1

Aside from the contraindications related to pacing, at
present, only speculation can be made regarding the suit-
ability of the subcutaneous system in different patient
groups. Current indications for S-ICD implantation are
summarized in Table 2. Firstly, the S-ICD may represent a
reliable therapeutic alternative when implantation of the
conventional transvenous ICD system is either technically
difficult and/or associated with increased procedural risk,
such as in patients with complex anatomy (e.g., congenital
heart disease), lack of venous access, history of lead
infection, or those who are immunocompromised.

Moreover, young patients with a long life expectancy are
also suitable candidates, as implantation of transvenous
Figure 4 Suggested algorithm for patient
ICDs is associated with significant long-term risk of lead
failure and a need for multiple reinterventions. The system
has also been successfully used in children,18,29 though
implantation in patients with low body mass index should
be carefully considered due to the relatively large and
heavy generator.

Furthermore, patients with ion channelopathies and
hypertrophic cardiomyopathy (HCM), who are usually
younger, those in whom the mechanism of SCD usually in-
volves polymorphic VT or VF, and those with low risk of
bradycardia and monomorphic VT requiring ATP theoreti-
cally constitute a group where S-ICD may be the preferable
option. However, it should be noted that a higher rate of
inappropriate shocks due to T-wave oversensing and
double-counting has been recorded in these patients. For
example, in patients with Brugada syndrome, although
clinical efficacy of S-ICD has been demonstrated, inappro-
priate shock may be more common due to the character-
istic QRS- and T-wave morphology and the frequent
presence of supraventricular tachyarrhythmias.24,30 More-
over, in a recent study, HCM, high body weight, prolonged
QRS duration, and R:T ratio <3 in the lead with the largest T
wave on 12-lead electrocardiogram were independently
associated with screening failure.31 In the same study, it
was demonstrated that 7.4% of patients with ICDs who had
no indications for cardiac pacing would not have been
selection for implantation of an S-ICD.



Table 2 Indications for implantation of S-ICDs according to current clinical practice.

Patient group Comments

Patients with an indication for ICD implantation, when pacing for
bradycardia, cardiac resynchronisation or antitachycardia pacing is not
needed at the time of implantation and most probably at the future

Any type of underlying heart disease
Patient’s preference is a determinative factor

Congenital heart disease Technically difficult with T-ICD
Venous occlusion or thrombosis Lack of venous access
History of lead infection Significant risk for infection with T-ICD

Possibly, lack of venous access
Previous extraction of a transvenous system Possibly, lack of venous access
Immunocompromised individuals Significant risk for infection with T-ICD
Hemodialysis Significant risk for infection with T-ICD

Possibly, lack of venous access
Young patients Need for multiple re-interventions
Ion channelopathies Usually young patients

SCD usually due to polymorphic VT/VF
Hypertrophic Cardiomyopathy Usually young patients

SCD usually due to polymorphic VT/VF
Early post-myocardial infarction phase (<6 weeks) or early after diagnosis

of dilated cardiomyopathy (<3 months)
Bridge therapy

SCD, Sudden Cardiac Death; VT, ventricular tachycardia; VF, ventricular fibrillation; T-ICD, transvenous ICD).
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eligible for an S-ICD.31 Performing an exercise test with
maximum tolerable capacity in these patients, as well as
adopting a detailed patient screening practice with selec-
tion of the optimal sensing vector in different positions,
may reduce the risk of T-wave oversensing.

In contrast, in clinical practice, the majority of patients
with an indication for ICD suffer from ischemic or idiopathic
dilated cardiomyopathy. Clinical studies demonstrated sig-
nificant safety and effectiveness of the S-ICD in these pa-
tients (Table 1), who were mostly recruited in the context of
primary prevention of SCD. However, patients with ischemic
cardiomyopathy are likely to present with monomorphic VT,
for which ATP has proven highly effective at terminating.
However, a recent Dutch study of 463 conventional ICD re-
cipients, the majority with ischemic cardiomyopathy,
demonstrated that 55.5% did not develop a pacing indication
or receive appropriate ATP without subsequent shock from
their device, and thus would have been suitable for an initial
S-ICD implantation.32 Patients with a history of sustained
monomorphic VT are more likely to need antitachycardia
pacing, and thus a conventional ICD system is considered the
preferable choice in the context of secondary prevention.32

Except for secondary prevention, other predictors for the
unsuitability of an S-ICD were severe heart failure (NYHA
class III/IV) and prolonged QRS duration.32 In addition, the
finding that ICD shocks are associated with higher mortality
and a reduction in the quality of life favors the use of ATP
therapy. Data from the PainFREE Rx II Trial showed that
empirical ATP for fast VT is as effective and safe as an in-
ternal shock.33 Of note, spontaneous termination of VT ep-
isodes was observed in 34% of patients in the shock arm. In
contrast, all VTs were treated in the ATP group, and no
spontaneous termination occurred, suggesting that a
considerable proportion of ATP intervention that is delivered
before a shock, may be unnecessary.33

In patients with the S-ICD system, a significant delay in
the initiation and delivery of therapy, due to the more
prolonged detection algorithm and charge time compared
to conventional ICDs, has been observed (14.6� 2.9 s
compared to 7.1� 1.6 s, respectively, in the IDE study).20,34

In addition, the 5e95% range of the transvenous ICD was
narrow at 2.25e7.55 s, whereas for the S-ICD, a positively
skewed distribution extending to 24 s of therapy was
recorded.35 It has been suggested that a longer time to
detect and deliver a shock likely affords greater leniency
for VT events to self-terminate, and because these events
would otherwise be treated with a shock and categorized as
“appropriate” therapy, this may reduce the number of
unnecessary shocks.20 The MADIT-RIT study demonstrated
that both a high-rate programming strategy that treats only
high ventricular rates and delayed conventional ICD therapy
were associated with significant reductions in the first
occurrence of inappropriate therapy, as well as a significant
reduction in all-cause mortality.36 Several S-ICD studies
demonstrated that time to therapy for appropriate shocks
is within the range of prolongation in detection shown to be
beneficial in MADIT-RIT (Table 1).20,21 Thus, the S-ICD was
shown to mimic this programming system by providing high-
rate zones of therapy and prolongation of detection-to-
shock time to reduce inappropriate shock therapy due to
self-termination of VT/VF, likely leading to a consequent
reduction in mortality.20,34 However, debate continues
regarding the risks and benefits of prolonged detection
allowing for self-termination of VT/VF episodes and
potentially reduced mortality from unnecessary ATP and
shocks versus potentially higher risk of syncope or avoiding
shocks through pace termination of VT.34

5. Inappropriate shock therapy

Despite the fact that prophylactic ICD implantation
improved outcomes in patients with heart disease, inap-
propriate shocks, which have an incidence of 12e17%,
remain a significant clinical problem.4e8,34 In addition, in
the MADIT II trial, inappropriate shocks, but not



The subcutaneous ICD system 11
inappropriate ATP, were associated with increased mor-
tality risk.37 Furthermore, studies interestingly demon-
strated increased mortality in patients who received
appropriate shocks, but not appropriate ATP.38e40 Supra-
ventricular arrhythmias appear to be the commonest cau-
ses of inappropriate therapy in patients with transvenous
ICD systems.6,7,20,39

Regarding the subcutaneous ICD system, current data
demonstrate a comparable rate of inappropriate shocks
with transvenous ICDs (Fig. 5). Reported rates range be-
tween 7% and 16% (Table 1).13,18,21,23e27 In the IDE trial, the
incidence of inappropriate therapy was 13.1% (41 patients)
over a mean follow-up of 11 months.21 Oversensing was the
commonest cause of inappropriate shocks, which occurred
in 25 patients (8%), 22 of whom experienced T-wave over-
sensing. In 5.1% (16 patients), a shock was delivered due to
supraventricular tachycardia. However, none of these
inappropriate shocks were delivered in the conditional
zone, indicating that programming of a conditional zone
significantly reduces the risk of inappropriate shocks for
supraventricular tachycardia (70% relative risk reduc-
tion).21 Moreover, in a cohort from the IDE trial, 226 sub-
jects with dual-zone programming were compared with 88
subjects with single-zone programming. The 2-year inap-
propriate shock-free rates were 89.7% and 73.6% in the
dual- and single-zone programming subgroups, respec-
tively, suggesting that the use of dual- rather than single-
zone programming is preferable.19 In patients with HCM
and inherited channelopathies, the risk of inappropriate
shocks was increased due to T-wave changes, particularly
during exercise.29,34 An exercise stress test is
Figure 5 Inappropriate shock rates among patient populations w
trials and the transvenous ICD system in the MADIT II trial (pts:
fibrillation, sinus tachycardia and other forms of supraventricular
recommended in these cases to assess the R-wave/T-wave
ratio template changes and detect T-wave oversensing
during exertion, and the sensing vector should be manually
adjusted as necessary.28,41 In general, T-wave oversensing
can be minimized by optimizing the sensing vector prior to
implantation and by performing an exercise test examining
this vector.34 Amelioration of the risk of T-wave oversensing
could also be achieved by increasing the pre-implantation
requisite of satisfactory R-wave/T-wave ratio templates
to more than 1.23,28

In the EFFORTLESS registry, 73 inappropriate shocks
were recorded in 32 patients over an average follow-up of
18 months (inappropriate shock rate: 7%).18 Oversensing
was the major cause of inappropriate shocks in 85% of the
cases. Similarly to the IDE study, single-zone programming
resulted in a higher inappropriate shock rate than dual-
zone programming (12% versus 6.4%).18

In summary, the existing data demonstrate a relatively
high rate of inappropriate ICD shocks with the S-ICD system,
though it is comparable to that of transvenous ICDs. In
contrast to the transvenous ICDs, most of the inappropriate
therapies appear to occur due to T-wave oversensing
resulting in double counting (Fig. 5). The susceptibility to T-
wave oversensing was demonstrated in a study utilizing a
screening template designed to identify patients who are
vulnerable to oversensing prior to insertion and showed
that 8% of patients who already had an ICD would fail the
screening test.16

In contrast, a reduced inappropriate shock rate due to
incorrect characterization of a supraventricular arrhythmia
has been demonstrated with the S-ICD system compared to
ith the subcutaneous ICD system in the IDE and EFFORTLESS
patients, SVT: supraventricular tachycardia, comprising atrial
arrhythmias).



Figure 6 The electrocardiogram of a 48-year-old female,
revealing a characteristic spontaneous type 1 Brugada pattern
(case 1).
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conventional ICDs.6,7,18,20,21,39 These clinical data are
compatible with findings from the Subcutaneous versus
Transvenous Arrhythmia Recognition Testing (START) trial,
which compared arrhythmia detection by the S-ICD with
single- or dual-chamber transvenous ICDs using simulta-
neous arrhythmia recordings. There was no significant dif-
ference in the sensitivity of detecting ventricular
tachyarrhythmias between the S-ICDs and transvenous
ICDs. However, specificity of the subcutaneous system for
discriminating supraventricular arrhythmias was signifi-
cantly better (98% in S-ICD vs 76.7% in single-chamber
transvenous ICD vs 68% in dual-chamber transvenous ICD),
suggesting a potential reduction in inappropriate therapies
with S-ICDs compared to transvenous ICDs.42

6. Complications with the S-ICD system

The main advantage of the S-ICD system compared to
conventional ICDs is the fact that it avoids vascular access
(Table 3). Subsequently, perioperative complications are
rare, and several complications associated with the im-
plantation of a conventional ICD system and the presence
Table 3 Advantages and disadvantages of S-ICDs.

Advantages Comments Disadvantage

No vascular access
required

Specific potential
procedural
complications omitted
(eg cardiac tamponade,
pneumothorax, vascular
lesions)
Suitable for patients
with complex anatomy
(eg congenital heart
diseases) or no venous
access

Pacing for br
functions not

No fluoroscopy
required

Pulse genera
compared to

No risk of bacterial
endocarditis

Longevity sho
compared to

Better discrimination
of supraventricular
arrhythmias

Longer charg
therapy

Simpler extraction
procedure

Simpler diagn
algorithms
Remote moni

Limited clinic

Significant in
shocks (most
Significant in
infection
Defibrillation
Pre-implanta
required
Higher cost c
ICD
of the transvenous lead, such as pneumothorax, cardiac
tamponade and perforation, vascular lesions, and electrode
dislocation, are avoided.43

In IDE, the 180-day complication-free rate relating to the
device, labeling and the insertion procedure was reported at
s Comments

adycardia, ATP and CRT
available

tor larger/heavier,
conventional ICD

New generation devices are
significantly smaller/lighter

rter (w5 years)
conventional ICD

Longevity of new generation
devices >7 years

e time & time-to- Prolongation of detection-to-
shock time may reduce
inappropriate shocks

ostic and therapeutic

toring not available Available in new generation
models

al experience Up-to-date evidence suggests
efficacy and safety

cidence of inappropriate
ly due to oversensing)

Equivalent to conventional ICD

cidence of pocket Equivalent to conventional ICD

test mandatory
tion ECG screening

ompared to conventional
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92.1% (lower confidence limit: 88.9%).21 In addition, in
EFFORTLESS, 15 system-related complications occurred in 14
patients ( 3%) in the first 30 days post-implant,which accounts
for a peri-operative complication-free rate of 97%.18 At 360
days post-implantation, the documented system or
implantation-related complication-free rate was 94%.18

Moreover, it has been reported that more complications
occurred with the first implants, suggesting a physician-
related learning curve.23,29,44 In accordance, in the Dutch
cohort, the investigators observed that relatively more
inappropriate shocks and device-related complications
occurred in the first patients. Complication rates then
improved with increased operator experience, optimization
Figure 7 Implantation of a subcutaneous ICD system in a 48-year
axillary line between the 5th and 6th intercostal spaces (B). The le
two parasternal incisions (i.e., the xiphoid incision and from the xip
edge of the sternum (D, E). The pulse generator was eventually con
created at the level of the lateral incision (F, G). After implant
inducible VF that was interrupted with a 65-J DC shock (I).
of screening for T-wave oversensing on exercise, use of a
suture sleeve to prevent lead migration and reductions in
implant time.23 Subsequently, they concluded that both
physician-related and device-related learning curves existed.

The main complications associated with the S-ICD sys-
tem were infection and suboptimal lead position.20,34 The
rate of infection of the generator pocket ranges in trials
from 2e10% (Table 1) and occasionally leads in explanation
of the system.43 Interestingly, the incidence of infections
may also be related to initial inexperience. In the IDE study,
three of 4 cases of infection that required explanation of
the system occurred in the first third of the study, a finding
that was attributed to a learning curve.21
-old female (case 1). Initially, an incision was made at the mid-
ad was then tunneled from the lateral incision (C) through the
hoid to the superior incision), and positioned parallel to the left
nected to the subcutaneous electrode and secured in a pocket
ation, a defibrillation test was performed and demonstrated



Figure 8 A post-implant chest radiography demonstrated
optimal placement of the subcutaneous ICD system (case 1).

Figure 9 The electrocardiogram of a 22-year-old male,
revealing a characteristic spontaneous type 1 Brugada pattern
(case 2).
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7. Conclusions

The subcutaneous ICD has emerged as a promising alterna-
tive to conventional ICD systems, as it avoids the potential
periprocedural and long-term complications associated with
the transvenous leads. Current evidence suggests that S-ICD
is a highly effective and safe modality with comparable
defibrillation success rate and similar rates of inappropriate
shock delivery to conventional ICDs. Thus, a wide range of
patients without pacing requirements, and particularly
younger patients, may benefit. Ongoing clinical studies will
help establish the S-ICD system’s long-term safety and effi-
cacy and better define target patient groups. Recent de-
velopments in the field of leadless electrodes may expand
the indications for S-ICDs.

8. Initial experience with the S-ICD system in
Greece

We report the first two cases of a subcutaneous ICD im-
plantation in Greece that took place in the electrophysi-
ology laboratory of Hippokrateion General Hospital of
Athens in October 2015.

The first patient was a 52-year-old Caucasian female
who presented in the Emergency Department of our hos-
pital due to relapsing syncope. The patient reported at
least 3 syncoptic episodes within a period of 3 months. The
electrocardiogram revealed a characteristic spontaneous
type 1 Brugada pattern of a coved ST segment elevation of
4 mm in leads V1 and V2 followed by a negative T wave
(Fig. 6). Physical examination and blood tests were insig-
nificant. The echocardiographic examination was normal.
Thus, the diagnosis of Brugada syndrome was established.
According to the current recommendations, the patient was
considered to be at high risk of SCD, and the decision was
made to implant a subcutaneous ICD (Class IIa) (Fig. 6).1

Before implantation, a three-lead surface electrocardio-
gram was performed to assess the appropriateness of sur-
face signals. The patient underwent ICD implantation
(Boston Scientific Emblem S-ICD� System) using the stan-
dard three-incision technique. Initially, an incision was
made at the mid-axillary line between the 5th and 6th
intercostal spaces. The lead was then tunneled from the
lateral incision through the two parasternal incisions (i.e.,
the xiphoid incision and from the xiphoid to the superior
incision), and positioned parallel to the left edge of the
sternum. The pulse generator was eventually connected to
the subcutaneous electrode and secured in a pocket
created at the level of the lateral incision. After implan-
tation, a defibrillation test was performed that demon-
strated inducible VF that was interrupted with a 65-J DC
shock (Fig. 7). A post-implant chest radiography demon-
strated optimal placement of the pulse generator and
subcutaneous electrode (Fig. 8). The patient underwent an
uneventful hospital stay and was discharged 3 days later in
stable condition.

The second patient was a 48-year-old Caucasian male.
He presented at the outpatient department of our hospital
with 2 syncoptic episodes, recurrent palpitation, pre-
syncope, chest discomfort and dyspnea in the prior weeks.
Prior medical history and physical examination were
unremarkable. His electrocardiogram was consistent with
typical type 1 Brugada changes, showing a coved ST
segment elevation of maximum 5 mm in the right precordial
leads V1-V3 followed by a negative T wave (Fig. 9). Labo-
ratory tests were all normal. Echocardiography did not
reveal any abnormal features. A 24-hour ambulatory-ECG
monitoring period revealed frequent premature ventricu-
lar beats and multiple runs of non-sustained VT of the same
morphology. Recent ESC Clinical Practice Guidelines for the
Prevention of Sudden Cardiac Death recommend ICD im-
plantation in patients with a diagnosis of Brugada syndrome
and syncoptic episodes (class IIa) (Fig. 9).1 The patient
underwent a three-lead surface electrocardiogram
screening followed by a subcutaneous ICD system implan-
tation (Boston Scientific Emblem S-ICD). The procedure was
similar to the previous patient, though this case used the
two-incision technique, during which the parasternal part
of the electrode was positioned using an 11 French peel-
away sheath. The generator was, similarly to the previous
patient, connected to the subcutaneous electrode and
placed in a pocket created at the level of the lateral inci-
sion. A defibrillation test was performed post-procedurally
that demonstrated inducible VF that was interrupted with



Figure 10 A post-implant chest radiography demonstrated optimal placement of the subcutaneous ICD system (case 2).
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a 65-J DC shock. A chest-X-ray demonstrated optimal
placement of the pulse generator and subcutaneous elec-
trode (Fig. 10). The patient had an uneventful hospital stay
and was discharged 3 days after the implantation.

Funding sources

All funds were provided by the National Health System.

Disclosures/relationship with industry

None.

References

1. Authors/Task Force Members, Priori SG, Blomström-
Lundqvist C, Mazzanti A, et al. 2015 ESC Guidelines for the
management of patients with ventricular arrhythmias and the
prevention of sudden 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 Pae-
diatric and Congenital Cardiology (AEPC). Eur Heart J. 2015
[Epub ahead of print].

2. Fishman GI, Chugh SS, Dimarco JP, et al. Sudden cardiac death
prediction and prevention: report from a National Heart, Lung,
and Blood Institute and Heart Rhythm Society Workshop. Cir-
culation. 2010;122:2335e2348.

3. Mirowski M, Reid PR, Mower MM, et al. Termination of malig-
nant ventricular arrhythmias with an implanted automatic
defibrillator in human beings. N Engl J Med. 1980;303:322e324.

4. Moss AJ, Hall WJ, Cannom DS, et al, Multicenter Automatic
Defibrillator Implantation Trial (MADIT) Investigators. Improved
survival with an implanted defibrillator in patients with coro-
nary disease at high risk for ventricular arrhythmia. N Engl J
Med. 1996;335:1933e1940.

5. The 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 J Med. 1997;337:
1576e1583.

6. Moss AJ, Zareba W, Hall WJ, et al, Multicenter Automatic
Defribbrilator Implantation Trial II (MADIT II) Investigators.
Prophylactic implantation of a defibrillator in patients with
myocardial infarction and reduced ejection fraction. N Engl J
Med. 2002;346:877e883.

7. Bardy GH, Lee KL, Mark DB, et al, Sudden Cardiac Death in
Heart Failure Trial (SCD-HeFT) Investigators. Amiodarone or an
implantable cardioverter-defibrillator for congestive heart
failure. N Engl J Med. 2005;352:225e237.

8. Connolly SJ, Hallstrom AP, Cappato R, et al. Meta-analysis of
the implantable cardioverter defibrillator secondary preven-
tion trials. AVID, CASH and CIDS studies. Antiarrhythmics vs
Implantable Defibrillator study. Cardiac Arrest Study Hamburg.
Canadian Implantable Defibrillator Study. Eur Heart J. 2000;21:
2071e2078.

9. Kremers MS, Hammill SC, Berul CI, et al. The National ICD
Registry Report: version 2.1 including leads and pediatrics for
years 2010 and 2011. Heart Rhythm. 2013;10:e59ee65.

10. Alter P, Waldhans S, Plachta E, Moosdorf R, Grimm W. Com-
plications of implantable cardioverter defibrillator therapy in
440 consecutive patients. Pacing Clin Electrophysiol. 2005;28:
926e932.

11. Curtis JP, Luebbert JJ, Wang Y, et al. Association of physician
certification and outcomes among patients receiving an
implantable cardioverter-defibrillator. JAMA. 2009;301:
1661e1670.

12. Maisel WH, Kramer DB. Implantable cardioverter-defibrillator
lead performance. Circulation. 2008;117:2721e2723.

13. Bardy GH, Smith WM, Hood MA, et al. An entirely subcutaneous
implantable cardioverter-defibrillator. N Engl J Med. 2010;363:
36e44.

14. Knops RE, Olde Nordkamp LR, de Groot JR, Wilde AA. Two-
incision technique for implantation of the subcutaneous
implantable cardioverter-defibrillator. Heart Rhythm. 2013;10:
1240e1243.

15. Zumhagen S, Grace AA, O’Connor S, et al. Totally subcutaneous
implantable cardioverter defibrillator with an alternative,
right parasternal, electrode placement. Pacing Clin Electro-
physiol. 2012;35:e254ee257.

16. Groh CA, Sharma S, Pelchovitz DJ, et al. Use of an electro-
cardiographic screening tool to determine candidacy for a
subcutaneous implantable cardioverter-defibrillator. Heart
Rhythm. 2014;11:1361e1366.

17. Randles DA, Hawkins NM, Shaw M, Patwala AY, Pettit SJ,
Wright DJ. How many patients fulfil the surface
electrocardiogram criteria for subcutaneous implantable
cardioverter-defibrillator implantation? Europace. 2014;16:
1015e1021.

18. Lambiase PD, Barr C, Theuns DA, et al. EFFORTLESS In-
vestigators: Worldwide experience with a totally subcutaneous

http://refhub.elsevier.com/S1109-9666(17)30027-1/sref1
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref1
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref1
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref1
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref1
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref1
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref1
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref1
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref1
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref2
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref2
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref2
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref2
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref2
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref3
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref3
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref3
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref3
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref4
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref4
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref4
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref4
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref4
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref4
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref5
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref5
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref5
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref5
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref5
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref5
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref6
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref6
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref6
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref6
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref6
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref6
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref7
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref7
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref7
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref7
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref7
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref8
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref8
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref8
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref8
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref8
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref8
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref8
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref9
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref9
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref9
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref9
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref10
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref10
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref10
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref10
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref10
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref11
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref11
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref11
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref11
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref11
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref12
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref12
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref12
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref13
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref13
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref13
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref13
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref14
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref14
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref14
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref14
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref14
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref15
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref15
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref15
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref15
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref15
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref16
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref16
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref16
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref16
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref16
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref17
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref17
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref17
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref17
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref17
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref17
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref18
http://refhub.elsevier.com/S1109-9666(17)30027-1/sref18


16 S. Sideris et al.
implantable defibrillator: early results from the EFFORTLESS S-
ICD Registry. Eur Heart J. 2014;35:1657e1665.

19. Gold MR, Weiss R, Theuns DA, et al. Use of a discrimination
algorithm to reduce inappropriate shocks with a subcutaneous
implantable cardioverter-defibrillator. Heart Rhythm. 2014;11:
1352e1358.

20. Patel KH, Lambiase PD. The subcutaneous ICD-current evi-
dence and challenges. Cardiovasc Diagn Ther. 2014;4:
449e459.

21. Weiss R, Knight BP, Gold MR, et al. Safety and efficacy of a
totally subcutaneous implantable-cardioverter defibrillator.
Circulation. 2013;128:944e953.

22. Burke MC, Gold MR, Knight BP, et al. Safety and efficacy of the
totally subcutaneous implantable defibrillator: 2-year results
from a pooled analysis of the IDE Study and EFFORTLESS Reg-
istry. J Am Coll Cardiol. 2015;65:1605e1615.

23. Olde Nordkamp R, Dabiri Abkenari L, Boersma LV, et al. The
entirely subcutaneous implantable cardioverter-defibrillator:
initial clinical experience in a large Dutch cohort. J Am Coll
Cardiol. 2012;60:1933e1939.

24. Jarman JW, Todd DM. United Kingdom national experience of
entirely subcutaneous implantable cardioverter-defibrillator
technology: important lessons to learn. Europace. 2013;15:
1158e1165.
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