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The subcutaneous implantable cardioverter defibrillator (S-ICD) is a valuable alternative to the conventional
trans-venous ICD (TV-ICD) for the prevention of sudden cardiac death (SCD). Prospective registries showed that
the S-ICD is safe and effective in treating ventricular tachyarrhythmias in high-risk patients without pacing
indications. While in earlier studies patients implanted with S-ICDs were young and mostly affected by chan-
nelopathies, contemporary S-ICD cohorts include patients with severely impaired left ventricular function and

significant comorbidities. This review focuses on S-ICD evidence-based use and highlights current gaps between
guidelines recommendations and real-world clinical practice.

1. Introduction

The implantable cardioverter-defibrillator (ICD) is the only effective
therapy to prevent sudden cardiac death (SCD) in patients with struc-
tural heart disease or channelopaties on optimal medical therapy [1,2].
Although the trans-venous ICD (TV-ICD) is safe and effective in treating
ventricular tachyarrhythmias (VTA), it is associated with potential
short- and long-term lead-related complications. These include com-
plications related to the implant procedure itself (pneumothorax, car-
diac tamponade, hemothorax) and those related to the indwelling in-
tracardiac leads (systemic infections or endocarditis, lead failure,
venous thrombosis) [3,4]. Indeed, recent meta-analysises revealed an
overall complication rate of 9.1% over the first 16 months after im-
plantation [5,6]. Long-term complications increase as a function of
follow-up length. Indeed, lead failure was reported to increase pro-
gressively with time after implantation reaching an annual rate of 20%
in 10-years-old leads [6]. Moreover, lead failure occurs more often in
young patients, who expose the leads to greater mechanical stress due
to their active lifestyle and longer life expectancy. Of note, recent stu-
dies showed that even patients with advanced heart failure (HF) have a
5-year survival rate that is close to 60% [7], raising the question
whether “long life expectancy” is a distinct trait of channelopathy/
cardiomyopathy patients or a clinical fact that pertains to many other
ICD patients. Hence, to overcome many of the complications associated
with TV-ICDs, an entirely subcutaneous ICD (S-ICD) has been developed

and approved in the clinical practice [8].
2. Methods

Relevant articles in English Language published until August 2018
were identified. Studies were searched from Pubmed using as key-
words: implantable cardioverter defibrillator or subcutaneous cardio-
verter defibrillator. The authors critically reviewed the most relevant
studies.

3. S-ICD system and implantation
3.1. S-ICD system

The S-ICD consists of a subcutaneous pulse generator and a sub-
cutaneous lead. The lead is composed of a proximal, a distal sensing
electrode and a shock coil [9]. S-ICD does not provide anti-bradycardia
or anti-tachycardia pacing (ATP), but can deliver up to 30s of post-
shock trans-thoracic pacing [10]. The device has remote monitoring
capability, magnetic resonance compatibility and atrial fibrillation de-
tection [11]. The S-ICD has two programmable tachycardia detection
zones: a conditional ventricular tachycardia (VT) and a ventricular fi-
brillation (VF) zone. In the conditional zone, VTs are discriminated
from supraventricular tachycardias (SVTs) by complex morphology-
based algorithms, while in the VF zone heart rate is the only criterion to
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define whether shock will be delivered or not.

Pre-implant surface electrocardiogram (ECG) screening is per-
formed to select patients with suitable subcutaneous signals and a
screening tool is used to confirm eligibility. Three electrodes are posi-
tioned in the same chest position of the S-ICD distal and proximal lead
sensing electrodes and pulse generator. ECG recordings are collected in
supine and standing postures. With classical manual screening, QRS-T
complexes are superimposed on a plastic ruler provided with template
boxes. Both the maximal R or S waves of the QRS complex and the T
wave have to be comprised within the profile of the template.

More recently, the use of an automatic screening tool (AST) that is
based on the same sensing algorithm of the S-ICD has been introduced
in clinical practice. AST in envisioned to facilitate screening and reduce
subjectivity associated with the manual process. When compared to
manual screening, AST is associated with a higher passing rate due to
greater tolerance to high-amplitude T-waves [12].

3.2. S-ICD implantation

The conventional S-ICD implantation is performed through three
incisions: one on the left-lateral chest for the pulse generator pocket and
two parasternal for lead tunnelization. The pulse generator is posi-
tioned in a subcutaneous pocket created on the left lateral chest at the
fifth intercostal space between the mid and the anterior axillary lines. S-
ICD implantation is guided by anatomical landmarks, with the possi-
bility to confirm position by fluoroscopy (Fig. 1).

Recently, an implantation technique, so called “two incisions tech-
nique”, that avoids the superior parasternal incision has been described
and is currently widely adopted. Furthermore, a surgical approach has
been developed to position the S-ICD can between the anterior surface
of the serratus and the posterior surface of the latissimus dorsi muscles
(intermuscular implantation). Combined, these two techniques offer the
advantages of an implantation that is potentially less prone to infec-
tions, damages, skin erosion, and allow better cosmetic results [13,14].

S-ICD implant can be performed under general anesthesia or mod-
erate sedation, although registry data show a widespread use of general
anesthesia [15]. Interestingly, a peripheral nerve block technique has
been introduced for intraoperative anesthesia and perioperative an-
algesia consisting in an ultrasound-guided injection of local anesthetic
between the serratus and latissimus dorsi muscles (serratus plane block)
[16].

Fig. 1. A 40year old male patient with post-myocardial infarction left ven-
tricular dysfunction received a subcutaneous implantable cardioverter defi-
brillator (S-ICD) for primary prevention of sudden cardiac death. The figure
shows a chest radiogram with the correct position of the implanted S-ICD.
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3.3. Safety and efficacy

Several studies have demonstrated that S-ICD is safe and effective in
treating VTAs. The most common complication associated with S-ICD
implantation is device infection, with a reported rate of 2.4% over two
years [17,18], comparable to that of TV-ICDs. No cases of systemic
dissemination of S-ICDs infections have been reported in the registries
[17,18]. On the contrary, trans-venous device infections are associate
with a 22% to 54% risk of bacteremia and endocarditis, often requiring
lead extraction with procedure-related mortality exceeding 2% [19].

The inappropriate shock rate has been reported as 5% to 25% in
early S-ICD registries, and is mainly ascribed to T-wave oversensing
(TWOS). With enhanced discrimination algorithms, including those
specifically designed to overcome TWOS (Smart-Pass), the rate of in-
appropriate shocks is constantly decreasing (Fig. 2).

The IDE/EFFORTLESS pooled analysis reported a 3-years incidence
of inappropriate shocks of 11.7%, due to TWOS (39%) or SVT (24%)
[18]. Similar rates were reported in the midterm outcomes of the
EFFORTLESS registry [17].

After S-ICD implantation, defibrillation threshold testing (DFT) is
typically performed to assess appropriate device implantation. VF
conversion failure rate has been reported as 0.2% to 0.4% [18,20,21].
Out of hospital conversion failure rate for spontaneous arrhythmia is
2.6% [15]. Similar conversion failure rate has been reported for TV-
ICDs (2.6% in the SIMPLE trial [22], 1.6% in the NORDIC [23], and
1.6% in the SCD-HeFT [24].

4. Clinical studies overview

Since the first report by Bardy et al. [25], 2 large prospective re-
gistries, the IDE study [26] and the EFFORTLESS [15] have been con-
ducted to evaluate the performance of the S-ICD in large populations.
Combining the IDE and EFFORTLESS registries [18], the mean age of
the cohort was 50 + 17 years and the mean LVEF was 39.4 + 17.6%.
The majority of patients (70%) had a primary prevention indication for
ICD, 37.8% had ischemic cardiomyopathy, 10% had channelopaties,
11% had hypertrophic cardiomyopathy, 1% had congenital heart dis-
ease and 2.2% had a concomitant pacemaker. EFFORTLESS was the
single registry that included patients with end-stage renal disease
(ESRD). Only 4% of the IDE/EFFORTLESS pooled cohort had a creati-
nine clearance of < 45 ml/min and the percentage of patients under-
going chronic dialysis was not reported [18] (Table 1).

5. Current clinical practice and guidelines

Early S-ICD patients were younger, healthier and with fewer co-
morbidities as compared to typical TV-ICD patients. Moreover, many
early S-ICD patients had “niche” indications (e.g. previous ICD infec-
tion, congenital heart disease, inadequate vascular access) [15,26]. In
contrast, current real-life registries [20,21] include patients with more
traditional indications. According to the current European guidelines
(ESC 2015) [27], summarized in Table 2, ICD candidates have a class
IIa indication for an S-ICD as an alternative to a TV-ICD, unless pacing
for bradycardia, tachycardia, or resynchronization is required. Fur-
thermore, ICD candidates with inadequate vascular access, previous
removal of an infected TV-ICD system, may benefit from the S-ICD as a
valuable alternative to the TV-ICD (class IIb indication). Similarly, the
S-ICD may be considered in young patients requiring long-term ICD
therapy (class IIb indication) since their long life-expectancy and active
lifestyle make them more prone to complications related to the
TV-leads.

Recent analyses of S-ICD use in real-life clinical practice [20,21,28]
show that S-ICD recipients are more often young and without structural
heart disease compared to TV-ICD patients. However, a significant
proportion of S-ICD candidates had “common” ICD indications (e.g.,
severe left ventricular dysfunction, advanced heart failure) and
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Fig. 2. Panel A: A 16-year-old male patient with massive hypertrophic cardiomyopathy received a subcutaneous implantable cardioverter defibrillator (S-ICD) for
primary prevention of sudden cardiac death. The secondary sensing vector was selected. Ten months after implantation, the patient experienced an inappropriate
shock due to T-wave oversensing during supraventricular tachycardia. The figure shows the episode inappropriately detected and treated by the S-ICD with an 80 J-
shock. An exercise test was performed and heart rate-dependent change in QRS morphology was observed. Changes were less pronounced when sensed with the
alternative vector, that was selected by the system and approved by the physician. Panel B: A 33-year-old male patient with end-stage hypertrophic cardiomyopathy
received a primary prevention S-ICD. The primary sensing vector was selected. One year after implantation, the patient experienced an episode of fast ventricular
tachycardia that was appropriately detected (T markers) and effectively treated by the S-ICD with an 80 J-shock (lightning marker). Time-to-therapy was 15s.

comorbidities as compared with patients in the EFFORTLESS/IDE co-
hort [18,20,21]. In the S-ICD post-approval registry [21], which de-
scribed the characteristics and acute outcomes of patients implanted
with S-ICD in a real-world setting and outside investigational studies,
mean age was 52 * 15 years, consistent with the trend to use the S-ICD
in younger patients. The mean LVEF was 32 = 14.6%, and 74% had

congestive heart failure. Remarkably, 13.4% of patients were on dia-
lysis for ESRD. Clinical characteristics of patients that were enrolled in
the recently published US-S-ICD Trends study [20] are similar, patients
with previous myocardial infarction (40%) and low ejection fraction
(average 32%) being largely represented. (Table 1).

In the European Heart Rhythm Association Prospective Survey [29],
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Table 1

Clinical features of S-ICD recipients in early vs. contemporary real-life registries.
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IDE [26] EFFORTLESS [15] S-ICD Post approval study [21] US S-ICD trends [20]
N 321 450 1637 3717
Males 74% 72% 69% 69%
Age (years) 52 + 16 49 + 18 52 + 15 53 + 15
CAD (previous MI) 41% 37% 33% 40%
LVEF (mean) 36 = 16 42 = 19 32 = 14 32 = 14
Primary prevention 79% 63% 77% 70%
HCM NA 11% NA 5%
Channelopathies NA 13% 4% 8%
Diabetes NA 12% 34% 38%
AF 15% 17% 16% 20%
CKD NA (excluded patients with GRF < 30 ml/min 9% 26% (dialysis 13%) 41% (dialysis 20%)
Concomitant PM 1% 3% 3% 2%
CHD NA 7% NA 1%

AF: atrial fibrillation; CAD: Coronary artery disease; CHD: Congenital heart disease; CKD: Chronic kidney disease; GFR: glomerular filtration rate; HCM: hypertrophic
cardiomyopathy; LVEF: left ventricular ejection fraction; MI: myocardial infarction; PM: pacemaker.

patients with S-ICD were younger, had a higher LVEF, and were less
likely to have structural heart disease compared to those implanted
with a TV-ICD. In 429 patients, the ICD type was distributed as follow:
S-ICD (18.9%), VVI (29.5%), CRT-D (31.6%) and DDD (19.1%). Main
reasons for S-ICD choice in this European survey were young patient's
age, previous lead-related complications, high risk of infection or pre-
vious device infection, desire to preserve the vascular system, and in-
adequate venous access [29].

6. Specific clinical settings
6.1. Heart failure

Although the S-ICD might be more beneficial in young patients with
inherited electrical syndromes and normal LV function, the majority of
ICD candidates have heart failure with reduced LVEF. Indeed, primary
prevention patients with reduced LVEF represent > 70% of new ICD
implants in the US [6]. While these patients are underrepresented in
published prospective registries [18,30,31] S-ICD has been shown to be
safe and effective in this subgroup of patients [17]. As far as the need
for biventricular pacing in HF patients is concerned, the rate of CRT-D
upgrade was as low as 4% at 3.4 years in an unselected ICD patients
population [32] and 0.4% after 3.1 years in a selected population of S-
ICD recipients [17]. The clinical impact of ATP unavailability in HF S-
ICD patients has never been systematically explored. While there is
concern that patients with ischemic LV dysfunction may be prone to
develop monomorphic VTs, the MADIT-RIT study [33] clearly demon-
strated that the need for ATP in contemporary ICD patients is largely
overstimated. The ongoing Understanding Outcomes with the S-ICD in
Primary Prevention Patients with Low Ejection Fraction Study (UNT-
OUCHED) study [34] will clarify whether with S-ICD the rate of shocks
in HF patients is comparable to that observed in TV-ICD patients with
optimal programming.

6.2. End-stage renal disease (ESRD)

Patients with ESRD were excluded from the IDE trial and poorly

Table 2
S-ICD indications according to the European guidelines (ESC 2015) [27].

represented in the EFFORTLESS. Conversely, in the US trend analysis
[20] and in the post-approval study [21], 13% and 20% of S-ICD im-
plants were performed in patients undergoing chronic dialysis, re-
spectively.

ESRD is a known risk factor for infections, and this risk is even
higher in dialysis patients. Of note, dialysis patients implanted with a
TV-ICD have high rate of complications, including device-related bac-
teremia and central venous stenosis [35]. By avoiding endocardial
leads, S-ICD is envisioned to prevent bloodstream dissemination of local
device infections and vascular complications in this subgroup of pa-
tients [36]. In two separate series, S-ICD was safe and effective in
dialysis patients, also reducing the risk of endovascular infection
[30,37]. In this view, S-ICD may offer a safe alternative to TV-ICD in
patients with ESRD. The ongoing multicenter DESIRE (Determination of
the Efficacy of Subcutaneous Icd in REnal patients) trial will provide
further insights regarding S-ICD safety and efficacy in this high-risk
population.

6.3. Hypertrophic cardiomyopathy (HCM)

By preserving the endovascular district, S-ICD intuitively represents
a valuable alternative to TV-ICD for HCM patients, who are typically
young and with an active lifestyle [38]. Due to the peculiar features of
the disease, the use of S-ICDs in HCM patients initially raised significant
concerns. Indeed, the increased left ventricular mass and unpredictable
electrical substrate might affect defibrillation threshold in HCM.
Moreover, high voltage R waves and deep negative T waves may entail
TWOS and trigger inappropriate shocks. Finally, the inability to provide
anti-tachycardia pacing (ATP) has been perceived as a limitation in
HCM patients, who may present monomorphic VTs.

Nowadays, a growing body of evidence suggest that S-ICD is safe
and effective in HCM patients. DFT has been shown to be <65 J in 98%
of patients, consistent with data obtained in non-HCM patients [31,39].
Of note, efficacy in converting induced VF was independent from LV
mass [39], which is in agreement with previous studies in TV-ICDs
[40]. As far as inappropriate shocks are concerned, in the IDE/EFFO-
RTLESS pooled analysis, the HCM cohort (99 patients) showed the same

Class of indication Level of evidence

S-ICD should be considered as an alternative to TV-ICD in patients with ICD indication when pacing therapy for bradycardia, cardiac

resynchronization or antitachycardia pacing is not needed.

S-ICD may be considered as a useful alternative to TV-ICD when venous access is difficult, after the removal of a TV-ICD for infections or

in young patients with a long-term need for ICD therapy.

Ila C

IIb C

S-ICD: subcutaneous implantable cardioverter defibrillator; TV-ICD: transvenous implantable cardioverter defibrillator.
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Table 3
A proposed approach for S-ICD candidates' selection.

S-ICD TV-ICD

ICD candidates with anti-bradycardia pacing or CRT indication v
Secondary prevention of monomorphic VT likely responsive to v
ATP

Young patients with cardiomyopathies or channelopathies
LV dysfunction (EF < 35%) with life expectancy > 10 years
Inadequate vascular access (dialysis, CHD)

High infection risk (diabetes, dialysis, previous removal of an
infected TV-ICD)

< <L <<

ATP: anti-tachycardia pacing, CHD: congenital heart disease, CRT: cardiac re-
synchronization therapy, EF: ejection fraction, LV: left ventricular, S-ICD:
subcutaneous implantable cardioverter defibrillator; TV-ICD: transvenous im-
plantable cardioverter defibrillator, VT: ventricular tachycardia.

incidence of inappropriate shocks (12.5%) than the non-HCM cohort
(10.3%) [31]. Of note, inappropriate shocks were mainly due to TWOS
[31]. Careful screening for S-ICD compatibility [39,41,42], and im-
provements in S-ICD discrimination algorithms [43,44] may sig-
nificantly reduce the incidence of inappropriate shocks.

Fig. 2 shows examples of inappropriate and appropriate S-ICD
shocks in two HCM patients.

Finally, the “true” need of ATP in HCM patients is still a matter of
debate. In the MADIT-RIT study [33], delayed VT therapy ICD pro-
gramming resulted in a 5 fold decrease in any occurrence of appropriate
ATP interventions without affecting the rate of appropriate shocks or
the risk of syncope [33]. Although it is unknown whether this applies
also to HCM patients, it is reasonable that more conservative ICD pro-
gramming would reduce unnecessary ATP for short-lasting mono-
morphic VTs and result in predominance of polymorphic VTs and VF as
the trigger of ICD interventions in HCM patients.

6.4. Congenital heart disease (CHD)

Patients with CHD represent a minority of ICD candidates. TV-ICD
implantation may be troublesome in CHD patients due to challenging
venous access to the right ventricle (e.g., extracardiac Fontan, anom-
alous or occluded veins) and intracardiac shunts with potential
thromboembolic risk. Moreover, very young age entails a high long-
term risk of device infection or lead failure.

In the IDE/EFFORTLESS pooled analysis, the CHD cohort consisted
of 19 patients in which S-ICD proved to be safe [18]. However, none of
these patients had any appropriate shocks during follow-up [45]. Few
long-term follow-up studies reported S-ICD efficacy in CHD patients
[46,47]. A major limitation in the use of S-ICD in CHD patients might be
the potential risk to develop pacing indication during follow-up.
However, sporadic cases have been reported in which combined im-
plantation of an S-ICD and a pacemaker was feasible and safe [48].

6.5. Concomitant pacing system

Pacemaker patients who develop the need for an ICD usually un-
dergo device upgrade by adding a trans-venous ICD lead with or
without extraction of the existing pacing lead. Alternatively, an S-ICD
may be implanted that coexist with the previously implanted pacing
system, thus avoiding the risks associated with device upgrading. In the
IDE/EFFORTLESS pooled analysis, 2.2% of S-ICD patients had a con-
comitant pacemaker [18]. Among paced patients, a higher proportion
of S-ICD screening eligibility was reported among those with right
ventricular (RV) septal pacing as compared to RV apical pacing [49].
This might be of concern when S-ICD is combined with a leadless pa-
cemaker, which is commonly implanted in an apical position [49].
However, S-ICD compatibility with leadless pacemakers has been re-
ported [50,51]. Also, biventricular pacing was associated with higher

10
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candidacy rate as compared to RV pacing alone [49]. In non-pacing-
dependent patients, the screening QRS-T morphology should be ob-
tained both during paced and spontaneous rhythm [41]. It is advisable
to disable the post-shock pacing of S-ICD to avoid interference with the
pacemaker. Of note, unipolar pacing is not compatible with S-ICD. Al-
though a concomitant pacemaker is associated with higher risk of in-
appropriate shocks in the mid-term EFFORTLESS analysis [52], other
studies did not show a higher incidence of inappropriate S-ICD thera-
pies in pacemaker patients [53].

7. Conclusions

While in the early S-ICD experience the ideal candidates were
young, with less advanced heart disease and comorbidities, its use is
rapidly expanding and current recipients are increasingly more similar
to “standard” ICD candidates. Importantly, the S-ICD seems to be a
valuable alternative for specific subgroups of patients in whom the TV-
ICD may present mid- and long-term disadvantages, including young
patients, dialysis patients, CHD and pacemaker carriers. Ongoing ran-
domized prospective studies [54,55] will provide a head-to-head com-
parison of S-ICDs and TV-ICDs that will assist in appropriate device
selection for most ICD candidates. Finally, we present in Table 3 a
proposed approach to select patients who may benefit more from the S-
ICD technology based on clinical experience and the current guidelines.

Conflict-of-interest statement

Dr. P. Francia received research and educational grants from Boston
Scientific.

Dr. R. Cappato has equity and intellectual property rights with
Cameron Health.

References

[1] Elvas L. A randomized study of the prevention of sudden death in patients with
coronary heart disease. Rev Port Cardiol 2000;19:271-3. https://doi.org/10.1056/
NEJM199912163412503.

Moss AJ, Hall WJ, Cannom D, Daubert J, Higgins S, Klein H, et al. Improved survival
with an implanted defibrillator in patients. N Engl J Med 1996;335:1933-40.
https://doi.org/10.1056/NEJM199612263352601.

Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS, et al. Prophylactic
implantation of a defibrillator in patients with myocardial infarction and reduced
ejection fraction. N Engl J Med 2002;346:877-83. https://doi.org/10.1056/
NEJMoa013474.

Van Rees JB, De Bie MK, Thijssen J, Borleffs CJW, Schalij MJ, Van Erven L.
Implantation-related complications of implantable cardioverter- defibrillators and
cardiac resynchronization therapy devices: a systematic review of randomized
clinical trials. J Am Coll Cardiol 2011;58:995-1000. https://doi.org/10.1016/j.jacc.
2011.06.007.

Ezzat VA, Lee V, Ahsan S, Chow AW, Segal O, Rowland E, Lowe MD, Lambiase PD. A
systematic review of icd complications in randomised controlled trials versus re-
gistries: Is our ‘real-world’ data an underestimation? Open Heart 2015:2.
(e000198).

Kleemann T, Becker T, Doenges K, Vater M, Senges J, Schneider S, et al. Annual rate
of transvenous defibrillation lead defects in implantable cardioverter-defibrillators
over a period of > 10 years. Circulation 2007;115:2474-80. https://doi.org/10.
1161/CIRCULATIONAHA.106.663807.

James S, Barton D, O'Connell E, Voon V, Murtagh G, Watson C, et al. Life expectancy
for community-based patients with heart failure from time of diagnosis. Int J
Cardiol 2015;178:268-74. https://doi.org/10.1016/j.ijcard.2014.09.131.

Santini M, Cappato R, Andresen D, Brachmann J, Davies DW, Cleland J, et al.
Current state of knowledge and experts' perspective on the subcutaneous im-
plantable cardioverter-defibrillator. J Interv Card Electrophysiol 2009;25:83-8.
https://doi.org/10.1007/s10840-008-9360-9.

Adduci C, Palano F, Francia P. Safety, efficacy and evidence base for use of the
subcutaneous implantable cardioverter defibrillator. J Clin Med 2018;7:53. https://
doi.org/10.3390/jcm7030053.

Gold MR, Theuns DA, Knight BP, Sturdivant JL, Sanghera R, Ellenbogen KA, et al.
Head-to-head comparison of arrhythmia discrimination performance of sub-
cutaneous and transvenous ICD arrhythmia detection algorithms: the START study.
J Cardiovasc Electrophysiol 2012;23:359-66. https://doi.org/10.1111/j.1540-
8167.2011.02199.x.

Ali H, Lupo P, Cappato R. The entirely subcutaneous defibrillator — a new genera-
tion and future expectations. Arrhythmia Electrophysiol Rev 2015;04:116. https://
doi.org/10.15420/AER.2015.04.02.116.

[2]

[3]

[4

=

[S

=

[6]

[71

8

=

o

[}

[10]

[11]


https://doi.org/10.1056/NEJM199912163412503
https://doi.org/10.1056/NEJM199912163412503
https://doi.org/10.1056/NEJM199612263352601
https://doi.org/10.1056/NEJMoa013474
https://doi.org/10.1056/NEJMoa013474
https://doi.org/10.1016/j.jacc.2011.06.007
https://doi.org/10.1016/j.jacc.2011.06.007
http://refhub.elsevier.com/S0953-6205(19)30109-8/rf0025
http://refhub.elsevier.com/S0953-6205(19)30109-8/rf0025
http://refhub.elsevier.com/S0953-6205(19)30109-8/rf0025
http://refhub.elsevier.com/S0953-6205(19)30109-8/rf0025
https://doi.org/10.1161/CIRCULATIONAHA.106.663807
https://doi.org/10.1161/CIRCULATIONAHA.106.663807
https://doi.org/10.1016/j.ijcard.2014.09.131
https://doi.org/10.1007/s10840-008-9360-9
https://doi.org/10.3390/jcm7030053
https://doi.org/10.3390/jcm7030053
https://doi.org/10.1111/j.1540-8167.2011.02199.x
https://doi.org/10.1111/j.1540-8167.2011.02199.x
https://doi.org/10.15420/AER.2015.04.02.116
https://doi.org/10.15420/AER.2015.04.02.116

C. Adduci, et al.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Francia P, Ziacchi M, De Filippo P, Viani S, D'Onofrio A, Russo V, et al.
Subcutaneous implantable cardioverter defibrillator eligibility according to a novel
automated screening tool and agreement with the standard manual electrocardio-
graphic morphology tool. J Interv Card Electrophysiol 2018;52:61-7. https://doi.
org/10.1007/510840-018-0326-2.

Ferrari P, Giofré F, De Filippo P. Intermuscular pocket for subcutaneous implantable
cardioverter defibrillator: single-center experience. J Arrhythmia 2016;32:223-6.
https://doi.org/10.1016/j.j0a.2016.01.005.

Knops RE, Olde Nordkamp LRA, De Groot JR, Wilde AAM. Two-incision technique
for implantation of the subcutaneous implantable cardioverter-defibrillator. Heart
Rhythm 2013;10:1240-3. https://doi.org/10.1016/j.hrthm.2013.05.016.
Lambiase PD, Barr C, Theuns DAMJ, Knops R, Neuzil P, Johansen JB, et al.
Worldwide experience with a totally subcutaneous implantable defibrillator: early
results from the EFFORTLESS S-ICD registry. Eur Heart J 2014;35:1657-65. https://
doi.org/10.1093/eurheartj/ehull2.

Droghetti A, Basso Ricci E, Scimia P, Harizai F, Marini M. Ultrasound-guided ser-
ratus anterior plane block combined with the two-incision technique for sub-
cutaneous ICD implantation. Pacing Clin Electrophysiol 2018;41:517-23. https://
doi.org/10.1111/pace.13318.

Boersma L, Barr C, Knops R, Theuns D, Eckardt L, Neuzil P, et al. Implant and
midterm outcomes of the subcutaneous implantable cardioverter-defibrillator reg-
istry: the EFFORTLESS study. J Am Coll Cardiol 2017;70:830-41. https://doi.org/
10.1016/j.jacc.2017.06.040.

Burke MC, Gold MR, Knight BP, Barr CS, Theuns DAMJ, Boersma LVA, et al. Safety
and efficacy of the totally subcutaneous implantable defibrillator: 2-year results
from a pooled analysis of the IDE study and EFFORTLESS registry. J Am Coll Cardiol
2015;65:1605-15. https://doi.org/10.1016/j.jacc.2015.02.047.

Deshmukh A, Patel N, Noseworthy PA, Patel AA, Patel N, Arora S, et al. Trends in
use and adverse outcomes associated with transvenous lead removal in the United
States. Circulation 2015;132:2363-71. https://doi.org/10.1161/
CIRCULATIONAHA.114.013801.

Friedman DJ, Parzynski CS, Varosy PD, Prutkin JM, Patton KK, Mithani A, et al.
Trends and in-hospital outcomes associated with adoption of the subcutaneous
implantable cardioverter defibrillator in the United States. JAMA Cardiol
2016;1:900-11. https://doi.org/10.1001/jamacardio.2016.2782.

Gold MR, Aasbo JD, El-Chami MF, Niebauer M, Herre J, Prutkin JM, et al.
Subcutaneous implantable cardioverter-defibrillator post-approval study: clinical
characteristics and perioperative results. Heart Rhythm 2017;14:1456-63. https://
doi.org/10.1016/j.hrthm.2017.05.016.

Healey JS, Hohnloser SH, Glikson M, Neuzner J, Mabo P, Vinolas X, et al.
Cardioverter defibrillator implantation without induction of ventricular fibrillation:
a single-blind, non-inferiority, randomised controlled trial (SIMPLE). Lancet
2015;385:785-91. https://doi.org/10.1016/50140-6736(14)61903-6.

Bansch D, Bonnemeier H, Brandt J, Bode F, Svendsen JH, Felk A, et al. The NO
Regular Defibrillation testing In cardioverter Defibrillator Implantation (NORDIC
ICD) trial: concept and design of a randomized, controlled trial of intra-operative
defibrillation testing during de novo defibrillator implantation. Europace
2014;17:142-7. https://doi.org/10.1093/europace/euul61.

Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, et al. Amiodarone or
an implantable cardioverter—defibrillator for congestive heart failure. N Engl J Med
2005;352:225-37. https://doi.org/10.1056/NEJMo0a043399.

Bardy GH, Smith WM, Hood MA, Crozier IG, Melton IC, Jordaens L, et al. An en-
tirely subcutaneous implantable cardioverter—defibrillator. N Engl J Med
2010;363:36-44. https://doi.org/10.1056/NEJM0a0909545.

Weiss R, Knight BP, Gold MR, Leon AR, Herre JM, Hood M, et al. Safety and efficacy
of a totally subcutaneous implantable-cardioverter defibrillator. Circulation
2013;128:944-53. https://doi.org/10.1161/CIRCULATIONAHA.113.003042.
Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Bloma N, Borggrefe M, Camm J,
et al. 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 Europea. Eur Heart J 2015;2015:2793-867. https://doi.org/10.1093/
eurheartj/ehv316.

D'Onofrio A, Pieragnoli P, Biffi M, Nigro G, Migliore F, Francia P, et al.
Subcutaneous implantable cardioverter defibrillator implantation: an analysis of
Italian clinical practice and its evolution. Int J Cardiol 2018:1-6. https://doi.org/
10.1016/j.ijcard.2018.07.139.

Boveda S, Lenarczyk R, Fumagalli S, Tilz R, Goscifiska-Bis K, Kempa M, et al. Factors
influencing the use of subcutaneous or transvenous implantable cardioverter-defi-
brillators: results of the European Heart Rhythm Association prospective survey.
Europace 2018;20:887-92. https://doi.org/10.1093/europace/euy009.

El-Chami MF, Levy M, Kelli HM, Casey M, Hoskins MH, Goyal A, et al. Outcome of
subcutaneous implantable cardioverter defibrillator implantation in patients with
end-stage renal disease on dialysis. J Cardiovasc Electrophysiol 2015;26:900—4.
https://doi.org/10.1111/jce.12705.

Lambiase PD, Gold MR, Hood M, Boersma L, Theuns DAMJ, Burke MC, et al.
Evaluation of subcutaneous ICD early performance in hypertrophic cardiomyopathy
from the pooled EFFORTLESS and IDE cohorts. Heart Rhythm 2016;13:1066-74.
https://doi.org/10.1016/j.hrthm.2016.01.001.

De Bie MK, Thijssen J, Van Rees JB, Putter H, Van Der Velde ET, Schalij MJ, et al.
Suitability for subcutaneous defibrillator implantation: results based on data from
routine clinical practice. Heart 2013;99:1018-23. https://doi.org/10.1136/
heartjnl-2012-303349.

Moss AJ, Schuger C, Beck CA, Brown MW, Cannom DS, Daubert JP, et al. Reduction
in inappropriate therapy and mortality through ICD programming. N Engl J Med

11

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

European Journal of Internal Medicine 65 (2019) 6-11

2012;367:2275-83. https://doi.org/10.1056/NEJMoal211107.

Gold MR, Knops R, Burke MC, Lambiase PD, Russo AM, grazia M Bongiorni, et al.
The design of the understanding outcomes with the S-ICD in primary prevention
patients with low EF study (UNTOUCHED). Pacing Clin Electrophysiol
2017;40:1-8. https://doi.org/10.1111/pace.12994.

Tompkins C, McLean R, Cheng A, Brinker JA, Marine JE, Nazarian S, et al. End-
stage renal disease predicts complications in pacemaker and ICD implants. J
Cardiovasc Electrophysiol 2011;22:1099-104. https://doi.org/10.1111/j.1540-
8167.2011.02066.x.

Dhamija RK, Tan H, Philbin E, Mathew RO, Sidhu MS, Wang J, et al. Subcutaneous
implantable cardioverter defibrillator for dialysis patients: a strategy to reduce
central vein stenoses and infections. Am J Kidney Dis 2015;66:154-8. https://doi.
org/10.1053/j.ajkd.2015.01.028.

Koman E, Gupta A, Subzposh F, Saltzman H, Kutalek SP. Outcomes of subcutaneous
implantable cardioverter-defibrillator implantation in patients on hemodialysis. J
Interv Card Electrophysiol 2016;45:219-23. https://doi.org/10.1007/510840-015-
0093-2.

Maron BJ, Casey SA, Olivotto I, Sherrid MV, Semsarian C, Autore C, et al. Clinical
course and quality of life in high-risk patients with hypertrophic cardiomyopathy
and implantable cardioverter-defibrillators. Circ Arrhythm Electrophysiol 2018;11.
https://doi.org/10.1161/CIRCEP.117.005820.

Maurizi N, Tanini I, Olivotto I, Amendola E, Limongelli G, Losi MA, et al.
Effectiveness of subcutaneous implantable cardioverter-defibrillator testing in pa-
tients with hypertrophic cardiomyopathy. Int J Cardiol 2017;231:115-9. https://
doi.org/10.1016/j.ijcard.2016.12.187.

Francia P, Adduci C, Semprini L, Palano F, Santini D, Musumeci B, et al. Prognostic
implications of defibrillation threshold testing in patients with hypertrophic car-
diomyopathy. J Cardiovasc Electrophysiol 2017;28:103-8. https://doi.org/10.
1111/jce.13121.

Francia P, Adduci C, Palano F, Semprini L, Serdoz A, Montesanti D, et al. Eligibility
for the subcutaneous implantable cardioverter-defibrillator in patients with hy-
pertrophic cardiomyopathy. J Cardiovasc Electrophysiol 2015;26:893-9. https://
doi.org/10.1111/jce.12714.

Weinstock J, Bader YH, Maron MS, Rowin EJ, Link MS. Subcutaneous implantable
cardioverter defibrillator in patients with hypertrophic cardiomyopathy: an initial
experience. J Am Heart Assoc 2016;5:1-6. https://doi.org/10.1161/JAHA.115.
002488.

Brisben AJ, Burke MC, Knight BP, Hahn SJ, Herrmann KL, Allavatam V, et al. A new
algorithm to reduce inappropriate therapy in the S-ICD system. J Cardiovasc
Electrophysiol 2015;26:417-23. https://doi.org/10.1111/jce.12612.

Theuns DAMJ, Brouwer TF, Jones PW, Allavatam V, Donnelley S, Auricchio A, et al.
Prospective blinded evaluation of a novel sensing methodology designed to reduce
inappropriate shocks by the subcutaneous implantable cardioverter-defibrillator.
Heart Rhythm 2018. https://doi.org/10.1016/j.hrthm.2018.05.011.

D'Souza BA, Epstein AE, Garcia FC, Kim YY, Agarwal SC, Belott PH, et al. Outcomes
in patients with congenital heart disease receiving the subcutaneous implantable-
cardioverter defibrillator: results from a pooled analysis from the IDE study and the
EFFORTLESS S-ICD registry. JACC Clin Electrophysiol 2016;2:615-22. https://doi.
org/10.1016/j.jacep.2016.02.008.

Moore JP, Mondésert B, Lloyd MS, Cook SC, Zaidi AN, Pass RH, et al. Clinical ex-
perience with the subcutaneous implantable cardioverter-defibrillator in adults
with congenital heart disease. Circ Arrhythm Electrophysiol 2016;9. https://doi.
org/10.1161/CIRCEP.116.004338.

Ferrero P, Ali H, Barman P, Foresti S, Lupo P, D'Elia E, et al. Entirely subcutaneous
defibrillator and complex congenital heart disease: data on long-term clinical
follow-up. World J Cardiol 2017;9:547. https://doi.org/10.4330/wjc.v9.i6.547.
Hong PSG, Callinan P, Amit G, Healey JS. Successful implant of a subcutaneous ICD
system in a patient with an ipsilateral epicardial pacemaker. Indian Pacing
Electrophysiol J 2015;15:62—4. https://doi.org/10.1016/50972-6292(16)30843-9.
Ip JE, Wu MS, Kennel PJ, Thomas G, Liu CF, Cheung JW, et al. Eligibility of pa-
cemaker patients for subcutaneous implantable cardioverter defibrillators. J
Cardiovasc Electrophysiol 2017;28:544-8. https://doi.org/10.1111/jce.13182.
Tjong FVY, Brouwer TF, Smeding L, Kooiman KM, De Groot JR, Ligon D, et al.
Combined leadless pacemaker and subcutaneous implantable defibrillator therapy:
feasibility, safety, and performance. Europace 2016;18:1740-7. https://doi.org/10.
1093/europace/euv457.

Liang J, Cha Y. Is hybrid subcutaneous implantable cardioverter-defibrillator and
leadless pacemaker the future of device therapy? Int J Cardiol 2017;235:201.
https://doi.org/10.1016/j.ijcard.2017.02.132.

Boersma LV, Barr CS, Burke MC, Leon AR, Theuns DA, Herre JM, et al. Performance
of the subcutaneous implantable cardioverter-defibrillator in patients with a pri-
mary prevention indication with and without a reduced ejection fraction versus
patients with a secondary prevention indication. Heart Rhythm 2017;14:367-75.
https://doi.org/10.1016/j.hrthm.2016.11.025.

Huang J, Patton KK, Prutkin JM. Concomitant use of the subcutaneous implantable
cardioverter defibrillator and a permanent pacemaker. Pacing Clin Electrophysiol
2016;39:1240-5. https://doi.org/10.1111/pace.12955.

Olde Nordkamp LRA, Knops RE, Bardy GH, Blaauw Y, Boersma LVA, Bos JS, et al.
Rationale and design of the PRAETORIAN trial: a prospective, RAndomizEd com-
parison of subcuTaneOus and tRansvenous ImplANtable cardioverter- defibrillator
therapy. Am Heart J 2012:753-60. https://doi.org/10.1016/j.ahj.2012.02.012.
Kutyifa V, Beck C, Brown MW, Cannom D, Daubert J, Estes M, et al. Multicenter
Automatic Defibrillator Implantation Trial-Subcutaneous Implantable cardioverter
Defibrillator (MADIT S-ICD): design and clinical protocol. Am Heart J 2017:158-66.
https://doi.org/10.1016/j.ahj.2017.04.014.


https://doi.org/10.1007/s10840-018-0326-2
https://doi.org/10.1007/s10840-018-0326-2
https://doi.org/10.1016/j.joa.2016.01.005
https://doi.org/10.1016/j.hrthm.2013.05.016
https://doi.org/10.1093/eurheartj/ehu112
https://doi.org/10.1093/eurheartj/ehu112
https://doi.org/10.1111/pace.13318
https://doi.org/10.1111/pace.13318
https://doi.org/10.1016/j.jacc.2017.06.040
https://doi.org/10.1016/j.jacc.2017.06.040
https://doi.org/10.1016/j.jacc.2015.02.047
https://doi.org/10.1161/CIRCULATIONAHA.114.013801
https://doi.org/10.1161/CIRCULATIONAHA.114.013801
https://doi.org/10.1001/jamacardio.2016.2782
https://doi.org/10.1016/j.hrthm.2017.05.016
https://doi.org/10.1016/j.hrthm.2017.05.016
https://doi.org/10.1016/S0140-6736(14)61903-6
https://doi.org/10.1093/europace/euu161
https://doi.org/10.1056/NEJMoa043399
https://doi.org/10.1056/NEJMoa0909545
https://doi.org/10.1161/CIRCULATIONAHA.113.003042
https://doi.org/10.1093/eurheartj/ehv316
https://doi.org/10.1093/eurheartj/ehv316
https://doi.org/10.1016/j.ijcard.2018.07.139
https://doi.org/10.1016/j.ijcard.2018.07.139
https://doi.org/10.1093/europace/euy009
https://doi.org/10.1111/jce.12705
https://doi.org/10.1016/j.hrthm.2016.01.001
https://doi.org/10.1136/heartjnl-2012-303349
https://doi.org/10.1136/heartjnl-2012-303349
https://doi.org/10.1056/NEJMoa1211107
https://doi.org/10.1111/pace.12994
https://doi.org/10.1111/j.1540-8167.2011.02066.x
https://doi.org/10.1111/j.1540-8167.2011.02066.x
https://doi.org/10.1053/j.ajkd.2015.01.028
https://doi.org/10.1053/j.ajkd.2015.01.028
https://doi.org/10.1007/s10840-015-0093-2
https://doi.org/10.1007/s10840-015-0093-2
https://doi.org/10.1161/CIRCEP.117.005820
https://doi.org/10.1016/j.ijcard.2016.12.187
https://doi.org/10.1016/j.ijcard.2016.12.187
https://doi.org/10.1111/jce.13121
https://doi.org/10.1111/jce.13121
https://doi.org/10.1111/jce.12714
https://doi.org/10.1111/jce.12714
https://doi.org/10.1161/JAHA.115.002488
https://doi.org/10.1161/JAHA.115.002488
https://doi.org/10.1111/jce.12612
https://doi.org/10.1016/j.hrthm.2018.05.011
https://doi.org/10.1016/j.jacep.2016.02.008
https://doi.org/10.1016/j.jacep.2016.02.008
https://doi.org/10.1161/CIRCEP.116.004338
https://doi.org/10.1161/CIRCEP.116.004338
https://doi.org/10.4330/wjc.v9.i6.547
https://doi.org/10.1016/S0972-6292(16)30843-9
https://doi.org/10.1111/jce.13182
https://doi.org/10.1093/europace/euv457
https://doi.org/10.1093/europace/euv457
https://doi.org/10.1016/j.ijcard.2017.02.132
https://doi.org/10.1016/j.hrthm.2016.11.025
https://doi.org/10.1111/pace.12955
https://doi.org/10.1016/j.ahj.2012.02.012
https://doi.org/10.1016/j.ahj.2017.04.014

	The subcutaneous implantable cardioverter-defibrillator: Current trends in clinical practice between guidelines and technology progress
	Introduction
	Methods
	S-ICD system and implantation
	S-ICD system
	S-ICD implantation
	Safety and efficacy

	Clinical studies overview
	Current clinical practice and guidelines
	Specific clinical settings
	Heart failure
	End-stage renal disease (ESRD)
	Hypertrophic cardiomyopathy (HCM)
	Congenital heart disease (CHD)
	Concomitant pacing system

	Conclusions
	Conflict-of-interest statement
	References




