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Introduction

Since the first implantable cardioverter-defibrillator 
(ICD) was implanted in a human in 1980 [1], techno-
logical advances have made these devices the most 
 effective treatment option for the prevention of sud-
den cardiac death in both primary [2, 3] and secondary 
[4, 5] settings. Currently, the vast majority of implanted 
devices are transvenous ICDs (TV-ICDs), with one or 
more leads implanted in the heart via the venous sys-
tem and connected to a pulse generator located most 
frequently in the subcutaneous or submuscular tissue 
in the pectoral region. These systems are prone to a 
certain number of complications, both acute (pneumo-
thorax, lead dislodgment, cardiac perforation, tam-
ponade) and chronic (systemic infections, venous ste-
nosis or occlusion and lead failure). For example, the 
rate of implant-related complications is estimated to 
be around 2–3% with TV-ICDs [6, 7], rising to 6% in the 
case of cardiac resynchronisation therapy-defibrillator 
(CRT-D) devices [8]. However, it is the rate of chronic 
complications, most notably lead failure, that is the 
most troublesome, with rates of surgical revision of 
2.5% at 5 years [9] and with potentially dramatic conse-
quences such as inappropriate shocks (IAS), in effective 
therapy and loss of pacing. Young, active  patients are 
especially at risk of lead failure owing to their longer 
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life expectancy and the increased  mechanical stress 
placed on the leads. Moreover, lead failure constitutes, 
with device infection, one of the main indications for 
device extraction, a procedure itself linked to a rela-
tively high morbidity (up to 2.4%) and mortality (up to 
1%), as recently shown by the Electra registry [10]. In 
 effect, lead integrity seems to be the Achilles heel of 
TV-ICD devices. 
For these reasons, interest has grown in developing 
alter native novel ICD systems that reduce or eliminate 
vascular injury, minimise lead mechanical stress and 
vascular interaction, and may be more practical to im-
plant than epicardial systems. Attention turned to sub-
cutaneous systems, at first in the paediatric popula-
tion, with initial systems consisting of standard TV-ICD 
leads implanted in a subcutaneous position [11], but 
 necessitating epicardial sensing and pacing leads [12, 
13]. Finally, a dedicated subcutaneous ICD system 
(S-ICD system, Cameron Health, San Clemente, CA, 
USA) has been recently developed and approved for use 
in Europe in 2009 and the USA in 2012 [14]; such a 
 device represents a possible alternative to TV-ICDs in 
patien t s without an indication for bradycardia pacing 
or cardiac resynchronisation therapy (CRT), or the 
need for antitachycardia pacing (ATP). 

Description of the therapy

The S-ICD device 
The S-ICD, now in its second version (Emblem S-ICD 
model, fig. 1) and manufactured by Boston Scientific 
(Marlborough, MA, USA), consists of a pulse generator 
and a tripolar subcutaneous lead. The current pulse 
generator is 20% smaller than the initial model 
(SQ-RX), weighing 130 g and occupying 59.5 cc of vol-
ume, and has a greater durability, with an estimated 
life of 7.3 years. The tripolar lumenless lead is made of 
polyurethane and consists of an 8 cm shocking coil 
banked by distal and proximal sensing electrodes. 
There is a dedicated tablet-format programmer with 
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relatively simple programming options. The device is 
enabled for wireless remote monitoring.

Implantation procedure
The procedure is performed under either local or gen-
eral anaesthesia. Briefly, the pulse generator is placed 
either in the subcutaneous tissue or the intermuscular 
plane between the serratus and latissimus dorsi mus-
cles, overlying the sixth rib in between the mid- 
axillary and anterior axillary lines (fig. 2). The elec-
trode is tunnelled to a position of maximum 1 to 2 cm 
to the left of and parallel with the sternal midline via 
one to two para sternal incisions, one (optional) distally 
at the manubriosternal junction (second rib) and one 
proximally at the xiphoid process. Electrode stability is 
assured with an optional distal suture on the periostial 
fascia above the sternum and ribs, and with the use of 
an anchoring sleeve proximally at the xiphoid process. 
The whole implantation procedure is realised with the 
use of anatomical landmarks and usually without the 
need for fluoroscopy (<1% in the IDE study sanctioned 
by the US Food and Drug Administration [15]). Average 
procedural time in the largest worldwide  registry (EF-
FORTLESS registry [16]) was 69 ± 27 minutes. Figures 3A 
and B show a patient on the day following implant, fig-
ures 3C and D the cosmetic result at 6-month follow-up. 

Preimplantation screening
The screening procedure is an important step in assur-
ing eligibility of the patient and potentially reducing 
the incidence of unwanted events such as IAS. Initial 
patient selection is based around the absence in the 
S-ICD system of durable bradycardia pacing, CRT and 
ATP therapy. In this respect, patients with an actual or 
anticipated bradycardia indication should be excluded, 
as well as patients fulfilling the criteria for CRT. 
 Patients who could benefit from ATP therapy, such as 
those with known monomorphic ventricular tachy-

cardia (VT) or with pathologies conferring a high risk 
of VT (e.g., sarcoidosis and arrhythmogenic right ven-
tricular dysplasia) should be considered for TV-ICD. 
Selected candidates should undergo an electrocardio-
gram (ECG) screening test with a screening tool pro-
vided by the manufacturer (fig. 4A). Standard cutane-
ous electrodes are placed in three positions 
representing the two sensing electrodes and the can of 
the S-ICD device: 1 cm to the left of the xiphoid process 
(representing electrode B in the S-ICD), 14 cm cranial to 
the xiphoid process on the chest wall (representing 
electrode A), and either the fifth or sixth intercostal 
space on the left mid-axillary line (representing the 
can position) (fig. 2). ECG recordings in the three deri-
vations mimicking the S-ICD sensing vectors are 
 recorded, and the screening tool is used to verify suita-
bility of these  recordings (fig. 4B). The manufacture 
recommends at least one adequate vector (standing 
and supine) before considering S-ICD implantation, but 
it is desirable to have at least two adequate vectors, 
which will facilitate reprogramming in the event of 
sensing issues. Potential sources of failure include, 
most frequently, large or late peaking T-waves and, less 
frequently, low-amplitude QRS complexes that are too 
small to fit in the smallest window of the tool, and thus 
are likely to be undersensed by the device itself.

Figure 1: Emblem S-ICD model, with pulse generator and 

tripolar electrode. Used with permission of Boston Scientific 

Corporation.

Figure 2: Recommended positioning of the S-ICD device: 

the pulse generator is placed in between the mid-axillary and 

anterior axillary lines at the level of the sixth rib, and is con-

nected to a tripolar electrode located 1–2 cm to the left of and 

parallel with the sternal midline. The electrode comprises a 

central shocking coil with an electrode on each end, ideally 

positioned distally at the manubriosternal junction (second 

rib) and proximally at the xiphoid process. The three possible 

sensing vectors are shown between the two sensing elec-

trodes (A, B) and the active can (CAN). Used with permission 

of Boston Scientific Corporation.
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Particular attention should be paid to those cardiac 
disorders in which dynamic changes of the R-T wave 
relationship are expected, such as hypertrophic cardi-
omyopathy or Brugada syndrome. Indeed, vector 
change may cause dynamic R-wave undersensing or 
T-wave oversensing, to which the device cannot auto-
matically adjust. In this particular setting, therefore, it 
is important to use pharmacological challenges in 
 order to unmask potential issues and to assess pre-
cisely the most stable sensing vector, as recently 
demonstrated by Conte et al. [17].

Arrhythmia detection 
As mentioned, the S-ICD system uses three sensing elec-
trodes: the distal electrode (A) located in the upper ster-
num, the proximal electrode (B) located at the xiphoid 
level and the active can (CAN) located in the lateral fifth 
or sixth intercostal space (see fig. 2). Three sensing vec-
tors can be created from these electrodes: a primary 
vector, from electrode B to the can (resembling surface 
ECG lead DI), a secondary vector from electrode A to can 
(resembling lead DII) and, finally, an  alternate vector 

from electrodes A to B (resembling lead aVF). The most 
appropriate vector to avoid noise, QRS double counting 
and T-wave oversensing is  chosen  automatically by the 
device, but can be manually overridden. Once the vector 
is chosen, detection occurs in several successive steps, 
depending on whether programming includes a single 
shock-only zone or (preferably) dual zones with both 
conditional and shock zones [18].
An algorithm to avoid oversensing is used, comprising 
threshold adaptation to the R-wave, a decay function 
and three double detection algorithms to avoid T-wave 
oversensing and double counting. A rate-based analy-
sis is undertaken, using an average of the four last 
beats to detect tachyarrhythmia. In the case of rates 
above the programmed shock zone threshold, detec-
tion stops at this step and therapy is delivered. In the 
case of programming with a conditional zone, the 
 system uses three further steps to decide on appropri-
ateness of therapy. A static waveform analysis of the 
QRS complex compares the current beat with a stored 
template, using up to 41 points to assess correlation. A 
correlation of >50% classifies the rhythm as supra-

Figure 3: A and B: Photographs of a patient 1 day after implantation of an S-ICD device. C and D: Typical cosmetic result 

at 6-month follow-up. Picture taken at Cardiocentro Ticino by Dr. Auricchio.
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ventricular and prevents therapy. This cutoff is lower 
than for TV-ICDs (e.g., 94% in Boston Scientific’s 
Rhythm ID algorithm) because of the greater number 
of points analysed (approximately eight points in 
transvenous systems). In cases of noncorrelation, a 
 dynamic waveform analysis assesses the correlation 
between the current tachycardia beat and the previous 
three tachycardia beats. In the case of polymorphism, 
the rhythm is classified as ventricular, whereas in the 
case of monomorphism, the device moves to the third 
and final step of morphology analysis, which analyses 
QRS width in relation to the stored template. In the 
event of prolonged QRS duration >20 ms, the rhythm is 
classified as ventricular.
The device uses an 18/24 beat duration criterion before 
charging the capacitors, with automatic extension to 
allow spontaneous resolution of unsustained events 
and with a confirmation algorithm at the end of capac-
itor charging before delivering therapy. 
The shock zone is programmable between 170 and 
250 bpm, and the conditional zone between 170 and 
240 bpm. Although programming is variable in the dif-
ferent published studies, many used a shock zone at 
around 200–220 bpm [19–21].

Shock delivery 
Only a single shock energy of 80 J is programmable in 
the S-ICD, except during defibrillation threshold (DFT) 
testing, where shock energies of 10–80 J at 5 J intervals 
are programmable. DFT testing is recommended at 65 J 
to ensure a margin of safety [22], although the neces-
sity of DFT testing in the S-ICD has not been studied, 
and some centres do not perform it systematically. 
Standard shock polarity is from coil to can, but the de-
vice automatically reverses polarity in the case of un-
successful therapy, with a maximum of five shocks 
available. The S-ICD system has a limited post-shock 
pacing function, with the possibility of delivering 
 demand pacing at 50 bpm for up to 30 seconds after a 
shock in the case of asystole longer than 3.5 seconds. 
The system uses a 200 mA biphasic transthoracic pulse 
for this function. The current S-ICD model can store up 
to 40 treated and untreated episodes.

Advantages and disadvantages 
of the S-ICD 
Table 1 shows other advantages and disadvantages of 
 S-ICDs compared with TV-ICDs. Preservation of vascu-
lar access in young patients is a major advantage. An-
other major advantage is the low risk of systemic infec-
tion, which is of particular interest in patients with 
high  infectious risk such as the immunocompromised 
and holders of artificial valves. Another population 
who are likely to benefit are those with chronic kidney 
disease, especially those requiring dialysis, as they 
have a greater risk for infection and more lead 
extraction- related complications as a result of in-
creased calcification around implanted leads. Concern-
ing the issue of myocardial damage, despite higher en-
ergy shocks compared with TV-ICDs, it is estimated 
that only approximately 10% of this energy reaches the 
myocardium when delivered subcutaneously. More-
over, there seems to be less myocyte damage, as indi-
cated in swine models showing an elevated troponin 
level after TV-ICD shocks but not after S-ICD shocks [23]. 
Finally, the lack of transvenous lead extraction and as-
sociated risks makes the S-ICD an attractive option for 
young active patients, especially those at low risk of 
bradycardia or monomorphic VT, such as patients with 
Brugada syndrome, long QT syndrome and hyper-
trophic car dio myopathy. 
Amongst the list of disadvantages, the absence of ATP 
therapy seems to be an important hurdle, as it has 
proven to be safe and effective for the treatment of fast 
VTs [24], as well as increasing quality of life and possi-
bly lowering mortality [25]. Patients with known 
monomorphic VT, history of prior effective ATP ther-
apy or at high risk for VT should not receive an S-ICD. 

Figure 4: A: ECG screening tool provided by the manufacturer.

B: Incorrect and correct profiles using the screening tool. An acceptable vector has 

the R- or S-wave within the peak zone and the QRS-T complex within the template.  

Used with permission of Boston Scientific Corporation.
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However, it is likely that in the future, the S-ICD will be 
able to communicate with leadless pacemakers to de-
liver ATP, if such therapy is found to be required. Lead-
less pacemakers may also be a solution for patients 
who develop a requirement for antibradycardia pac-
ing, although this is only available as a VVIR system for 
the time being.
The absence of an atrial lead is also a potential disad-
vantage as atrial arrhythmias (which are prevalent in 
this patient population) will not be diagnosed. How-
ever, algorithms allowing diagnosis of atrial fibrilla-
tion (AF) based on ventricular rhythm irregularity may 
allow diagnosis in single-chamber devices in the 
 future. Battery longevity, although improved com-
pared with the previous version, is still less that 
 reported for TV-ICDs produced by the same manufac-
turer. Finally, the system is currently not magnetic res-
onance imaging-conditional (contrary to most of the 
current TV-ICD systems), but will become so in the fu-
ture. 

Indications for the S-ICD
The 2015 European Society of Cardiology guidelines on 
the management of patients with ventricular arrhyth-
mias and the prevention of sudden cardiac death [26] 
state that the S-ICD is a class IIa (level of evidence C) 
recommendation as an alternative to TV-ICDs in pa-
tients who have an ICD indication but do not require 
antibradycardia pacing, CRT or ATP. The guidelines 
also state that S-ICDs are a class IIb (level of evidence C) 
indication as an alternative to the TV-ICD in patients 
with venous access problems, after removal of a TV-ICD 
for infection, or in young patients who require long-
term therapy.
As mentionned above, patients at high risk of systemic 
infections (e.g., patients on dialysis or with valve pros-
thesis, etc.) are also good potential candidates.

Current evidence

Current evidence is based on a certain number of regu-
latory studies [15, 22] as well as several post-marketing 
studies, mostly multicentric [16, 19, 21, 27–29]. Follow-up 
remains relatively short, the longest being the pooled 
analysis of the EFFORTLESS and IDE registries with a 
mean follow-up of less than 2 years [20]. Also of note, 
all the studies published to date tested the previous 
generation S-ICD (SQ-RX generator and Q-TRAK elec-
trode). The PRAETORIAN study, the only prospective 
randomised trial of S-ICD versus TV-ICD, is currently 
recruiting patients [30]. Below are some results from 
published studies evaluating the S-ICD.

Eligibility for S-ICD implantation 
Several studies have evaluated the use of the ECG 
screening test, with rates of failure of approximately 
7–8% for one adequate vector [31, 32] and 15% for two vec-
tors [33]. Each study identified specific predictors for fail-
ure, but apart from QRS duration, no two studies found 
the same predictors, despite the very similar popula-
tions in the studies of Groh and Olde Nordkamp. Exam-
ples of failed test predictors were: negative T-waves in 
surface ECG leads I, II and aVF (45% positive predictive 
value for failure), increased bodyweight (odds rati o [OR] 
of 1.5 per 10 kg overweight), hypertrophic cardiomyopa-
thy (OR 12.6), prolonged QRS duration (especially right 
bundle-branch block, with an OR of 1.5 per 20 ms prolon-
gation) and R:T ratio <3 on the surface ECG (OR 14.6). Of 
the three vectors tested, the primary and secondary 
vectors had a similar success rate of approximately 80%, 
whereas the success rate was only 40–50% for the alter-
nate vector, probably  because of the latter’s perpendicu-
lar nature causing low QRS amplitude.
Interestingly, according to one retrospective cohort 
study [34], 55% of patients with TV-ICDs are in fact 
 potentially eligible for an S-ICD based on the absence 
 (after 3.4 years of follow-up) of pacing indication, 

Table 1: Advantages and disadvantages of the S-ICD device compared with transvenous ICDs. 

Advantages Disadvantages

Less risk of lead failure 
(e.g., no subclavian crush, simpler lead design)
Preservation of vascular access
Lower risk of systemic infection
No risk of pneumothorax, pericardial effusion, etc. 
No fluoroscopy at implantation
Ease and predictability of implantation
No risk of transvenous lead extraction
Less myocardial damage linked to subcutaneous shocks

No antibradycardia pacing (other than directly after a shock)
No antitachycardia pacing
No cardiac resynchronisation
Shorter battery life
Magnetic resonance imaging conditionality not yet validated
No atrial lead for diagnosis of atrial arrhythmias
Higher overall risk of inappropriate shocks
Limited programming options
Higher cost
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 episodes of ATP without subsequent shock and up-
grade to CRT-D. Considering an 8% rate of failure of the 
ECG screening test, overall approximately 50% of all 
ICD patients without a pacing indication could be 
 potentially eligible for an S-ICD. 

Sensitivity and specificity of arrhythmia 
detection
The sensitivity of the S-ICD system, or its ability to 
 correctly diagnose ventricular tachyarrhythmias has 
been excellent, approaching 100% in the different 
studies [15, 18, 21], although it must be stated that pro-
spective, long-term data are lacking. 
Regarding specificity (i.e., ability to correctly distin-
guish supraventricular arrhythmias from VT), this was 
reported to be 98% in the START study, which used a 
 library of induced ventricular and supraventricular ar-
rhythmias with simultaneous recording of intra- 
cardiac and surface ECG tracings (simulating subcuta-
neous recordings), and even compared favourably to 
TV-ICDs [18]. In the EFFORTLESS registry [16], of the 
166 delivered shocks, only 10 (6%) were due to supra -
ventricular arrhythmias, and all of these were due to 
the rates falling in the zone without discriminators.

Shock efficacy 
Shock efficacy has been impressive in DFT tests, with 
rates of conversion ≥95% at 65 J or more. These rates are 
comparable to those reported with TV-ICD devices [35, 
36]. Mean DFT thresholds were 36.6 ± 19.8 J versus 11.1 ± 
8.5 J for the TV-ICD devices [22]. During spontaneous ep-
isodes, first shock efficacy on average ranged between 
88 and 92%, rising up to ≥96% after up to five shocks [15, 
16]. Because of the advanced detection algorithm, time 
to therapy in S-ICD systems has proven to be substan-
tially longer than in TV-ICD systems. In the pooled anal-
ysis of the EFFORTLESS and IDE studies, comprising 882 
patients, the largest collection of S-ICD recipients ana-
lysed to date, mean time to therapy for spontaneous ep-
isodes was 19.2 ± 5.3 seconds. Whereas this might be 
considered a disadvantage, studies show that the delay 
allows many ventricular arrhythmias to self-terminate, 
thus avoiding the need for therapy from the device. In 
the aforementioned analysis, out of 314 ventricular 
events detected, 125 (40%) were  episodes of unsustained 
VT/VF that self-terminated before therapy delivery, 
with no associat ed syncope or mortality. These findings 
are in  accordance with recent studies in TV-ICD pa-
tients that show a lower rate of inappropriate therapy 
and mortality with prolonged detection times [37].
One study reported a 100% success rate of post-shock 
pacing in 184 cases out of 728, but in general data are 
scarce [15].

Inappropriate shocks
IAS remain a major problem in all types of ICDs. Mod-
ern programming seems to have greatly reduced the 
rate of IAS in TV-ICDs to around 2–3% over 1 year [37–
39]. Regarding S-ICDs, in five multicentric studies, the 
rate of IAS was 9.2% after a mean follow-up of around 1 
year [19, 27–29, 40]. In the EFFORTLESS registry, the IAS 
rate was 7%/year [16]. The rate of IAS is therefore higher 
with S-ICDs than with current TV-ICDs. Several 
 important points should be mentioned. In general, 
whereas cumulative rates of IAS in TV-ICDs tend to in-
crease over the years, largely owing to lead failure, 
rates of IAS in some S-ICDs studies such as the EFFORT-
LESS registry decreased after first IAS owing to more 
appropriate programming of sensing vectors.
Despite initial concerns about the S-ICDs susceptibility 
to external sources of oversensing (noise, myo-
potentials, electromagnetic interference), their rate 
seems relatively low (8% of all cases of IAS in the pooled 
study [20]) due to effective filters, whereas the vast 
 majority of IAS are caused by oversensing of cardiac 
signals, notab l y T-wave oversensing and low-ampli-
tude signals (60% of cases in total). In contrast to TV-
ICDs, misclassi fication of supraventricular arrhyth-
mias in the conditional zone only accounted for 1% of 
IAS. These  diff  er ences can be explained by the fact that 
the subcutaneous signal is richer than traditional 
intra cardiac electrograms, with the advantage of offer-
ing better morphology discrimination, but also pro-
viding larger T-waves, which are more difficult for the 
device to ignore without risking ventricular fibrilla-
tion under detection.
The ongoing UNTOUCHED study will test a program-
ming scheme designed to minimise inappropriate and 
unnecessary shocks in patients who have an indication 
for primary prevention of sudden cardiac death and 
low ejection fraction. The primary objective of the 
study is to assess the 18-month incidence of shocks in 
subjects implanted with Emblem S-ICD programmed 
with zone cutoffs at 200 and 250 bpm. The 18-month in-
cidence rate will be compared with an objective perfor-
mance criterion derived from TV-ICDs programmed to 
minimise shocks in the MADIT RIT study. The second-
ary objective is to assess perioperative complications.

Strategies to reduce IAS
A proven strategy to reduce IAS has been the adoption 
of dual zone programming, with addition of a condi-
tional zone exploiting the advanced morphology 
 discrimination algorithm of the device [41]. This has 
 reduced IAS rates from around 25% to approximately 
10% [20, 41]. Other potentially useful strategies to re-
duce T-wave oversensing (TWOS) and IAS include 
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 increasing the recommended number of suitable vec-
tors on screening to more than one, as well as utilising 
exercise testing for screening purposes and also once 
the device is implanted (the reference template may 
even be acquired during exercise in the case of signifi-
cant changes compared with during rest). In one pro-
spective study [42], all TWOS episodes occurred during 
exercise or rapid AF, and exercise-testing optimisation 
of sensing vector and template acquisition resolved the 
problem in seven out of eight patients. The authors rec-
ommend achieving a maximal heart rate of at least 150 
bpm, as the sensitivity of the S-ICD automatically in-
creases at a heart rate of 148 bpm. It is important to up-
date the template at each follow-up, as this is currently 
not done automatically. Finally, a recently proposed 
modification to the S-ICD detection algorithm reduced 
the rates of TWOS by nearly 40% in an experimental 
study [43].

Safety and complications
Potential complications of S-ICD implantation include 
parasternal lead migration, pocket infection, device 
extrusion and haematomas. Overall complication 
rates vary amongst studies, but remain relatively high 
compared with TV-ICDs, with rates reaching 14% after 
18 months in the Dutch cohort [28]. Several points 
should be discussed. Firstly, as with all novel devices, a 
certain degree of learning curve is to be expected and 
has been described in some studies. In the Dutch study 
[28], for example, rates of complications diminished 
from 17 to 10% after the first 15 implantations, and in 
the IDE study [15], all infections occurred in the first 
third of patients. Secondly, although the rates of com-
plications in some studies have been relatively high, 
the actual severity of complications seems to be less 
important than with TV-ICDs. The rate of acute major 
procedure- related complications (haematoma, lead or 
device malpositioning/displacement) in the pooled 
study was 2%, comparing favourably with the rate of 
major in-hospital complications in TV-ICDs (1.9% for 
single chamber and 2.9% for dual-chamber devices 
[44]). Concerning infection, a dreaded complication of 
TV-ICD systems, no cases of systemic infection with 
bacteraemia have been described to date with the 
S-ICD, and many infections could be managed conserv-
atively. In the pooled analysis, the rate of infection was 
4.8%, but only 1.7% of patients required device removal 
for this indication [20]. Moreover, operators describe 
device extraction as a much simpler process than with 
TV-ICDs. The use of two incisions rather than three 
may lower the risk of  infection, although this has not 
been studied. Finally, one must remember that no 
long-term data exist concerning lead durability. 

S-ICD in Switzerland

The S-ICD was introduced in Switzerland in November 
2012, and is reimbursed by healthcare insurance. In to-
tal, 40 systems have been implanted in 12 centres (as of 
1 October 2015). The relatively slow uptake may be 
 explained by the requirement for specialised training 
and selection of “ideal” patients, as well as the draw-
backs mentioned in table 1. However, with the recent 
advent of the second generation S-ICD, which has a 
slimmer profile, increased longevity and new algo-
rithms with reduced risk of IAS, as well as increasing 
confidence with this therapy, it is likely that the num-
bers of implantations will increase. Boston Scientific is 
planning to  introduce a leadless pacemaker, which will 
offer new possibilities in terms of antibradycardia and 
antitachy cardia pacing in conjunction with the S-ICD, 
as mentioned above.

Conclusions

The S-ICD has proven to be a safe and effective device 
for the treatment of ventricular arrhythmias and the 
prevention of sudden cardiac death in patients not re-
quiring pacing. Its unique disposition allows excellent 
sensitivity for discriminating supraventricular and 
ventricular arrhythmias, as well as good shock efficacy. 
Conversely, the rate of inappropriate therapy, notably a 
result of T-wave oversensing, remains high, and fur-
ther research is needed to determine better eligibility 
criteria and appropriate strategies to lower this rate. 
The main drawbacks of the device are absence of dura-
ble pacing, resynchronisation and ATP therapy, al-
though development of hybrid systems could poten-
tially address some of these issues. Further research is 
needed to define the target population better, espe-
cially prospective, randomised studies (the PRAETO-
RIAN study is underway) as well as studies in specific 
target groups (chronic kidney disease, for example). All 
in all, the S-ICD remains a promising device, and its 
 attractiveness may rise with further technological ad-
vances. 
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