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Subcutaneous implantable cardioverter defibrillators (S-ICDs) are structurally similar to TV-ICDs, being made of a

pulse generator and a defibrillator coil. The advantage of S-ICDs concerns the components, which are completely

outside of the chest.
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1. Introduction

The development of S-ICDs from concept to their initial commercialization was a journey lasting 19 years. Only in

2009 and 2012 did the first generation of S-ICDs receive the CE mark and US FDA approval, respectively. The S-

ICD was developed as a possible alternative to transvenous ICDs (TV-ICDs), trying to achieve the same

effectiveness as TV-ICDs in terms of detecting and treating both ventricular fibrillation (VF) and ventricular

tachycardia (VT) . Several studies were performed in order to evaluate the efficacy and safety of these devices

and rapid advances were made in the following years, leading to the development of a second generation of S-

ICDs in 2015 and a third generation in 2016.

S-ICDs are structurally similar to TV-ICDs, being made of a pulse generator and a defibrillator coil. The advantage

of S-ICDs concerns the components, which are completely outside of the chest. This substantial difference

minimizes the risk of lead fractures or systemic infections, some of the most feared complications of TV-ICDs , as

well as making any extraction procedure much simpler and less dangerous . Consequently, the outlook for S-

ICDs is stronger in two scenarios: when used in younger patients, who are usually affected by genetic heart

diseases and are at high risk of sudden cardiac death (SCD) such as hypertrophic cardiomyopathy (HCM), dilated

cardiomyopathy (DCM), and genetic arrhythmia syndromes ; and in instances in which the transvenous route

is inaccessible. Nevertheless, S-ICDs present several limitations compared to TV-ICDs: due to the lack of an

endocardial electrode, S-ICDs are only able to deliver post-shock ventricular pacing for 30 s. For this reason, for

patients who need anti-bradycardia pacing or resynchronization therapy, S-ICD implants are contraindicated .

Another issue concerns the alloy of which the coil is composed, which contains a small amount of nickel (around
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16%). However, the device is registered as nickel free and no cases of allergic reactions have been reported in

allergic patients so far.

In recent years, larger studies confirmed the role of S-ICDs as a valuable alternative to TV-ICDs (Table 1). In both

prospective trials  and registries , S-ICDs showed remarkable safety in the short and medium term,

which was associated with a relatively low inappropriate shock rate in populations with different clinical

characteristics and cardiovascular diseases, as well as indications of primary or secondary prevention of SCD.

Table 1. Major studies on S-ICD.
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Study Year Type Aim of Study Primary
Endpoints

Secondary
Endpoints Results

IDE
(Investigational
Device
Exemption)
Trial 

2013

Prospective,
non-
randomized,
multicenter
clinical study

Safety and
effectiveness
of S-ICD

-Shock
effectiveness
in converting
induced VF in
conversion
test
-
Complication-
free Rate at
180 days

//

-100% VF
conversion
rate at 180
days
-92–99%
complications-
free rate at
180 days

EFFORTLESS
(Evaluation of
factors
impacting
clinical
outcome and
cost
effectiveness
of the S-ICD)
Registry 

2017

Prospective,
non-
randomized,
multicenter
observational
registry

Early, mid-
and long-
term clinical
effectiveness

-
Complication-
free rate at
30 days
-
Complication-
free rate at
360 days
-
Inappropriate
shocks-free
rate for
AF/SVT

//

-97%
complication-
free rate at 30
days
-94%
complication-
free rate at
360 days
-7%
inappropriate
shock rate
(94%
oversensed
episodes)

S-ICD post
approval Study

2017 Prospective,
non-
randomized,
multicenter
registry

Safety and
effectiveness
of S-ICD

-
Complication-
free rate at
60 months
-Shock
effectiveness
in converting
spontaneous
VT/VF at 60
months

-Electrode-
related
complications-
free rate at 60
months
-First shock
effectiveness i
converting
induced and
spontaneous

-96.2%
complication-
free rate at 30
days
-98.7%
successful
conversion
rate of
induced
VT/VF at 60
months
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Study Year Type Aim of Study Primary
Endpoints

Secondary
Endpoints Results

VT/VF at 60
months

PRAETORIAN
(Prospective
randomized
comparison of
subcutaneous
and
transvenous
implantable
cardioverter
defibrillator
therapy) Study

2020

Prospective,
randomized,
international,
controlled
trial

Comparison
of safety and
effectiveness
in TV-ICD
and S-ICD
(non-
inferiority)

-Adverse
event rate at
48 months

-MACE,
appropriate and
inappropriate
shocks, time to
successful
therapy, first
shock
conversion
efficacy, implant
procedure time,
hospitalization
rate,
fluoroscopy
time, cardiac
(pre)-syncope
events, cross
over to the other
arm, cardiac
decompensation
at 48 months
-Quality of life at
30 months

-No difference
in overall and
arrhythmic
mortality
-Four times
lead-related
complications
rate in TV -
ICD
-Two times
infection rate
in TV-ICD
-No difference
in
complications
rate in 4 years
-No difference
in
inappropriate
shock rate

UNTOUCHED
(Understanding
outcomes with
the S-ICD in
primary
prevention
patients with
low ejection
fraction) Study

2021

Prospective,
non-
randomized,
multinational
trial

Safety and
effectiveness
of S-ICD

-
Inappropriate
shocks free
rate at 18
months

-Freedom from
system and
procedure
related
complication at
30 days
-All cause shock
free rate at 18
months

-95.9%
inappropriate
shock-free
rate at 18
months
-90.6% all-
cause shock-
free rate at 18
months
-92.7%
complications-
free rate at 18
months

ATLAS (Avoid
transvenous
leads in
appropriate
subjects) Trial

2022 Prospective,
randomized,
multicenter
controlled
study

Comparison
of safety and
effectiveness
in TV-ICD
and S-ICD
(superiority)

-Lead-related
complications
at 6 months
-Other
complications
at 6 months

-Late device-
related
complications
after 6 months
-Arrhythmic
deaths, visits,
inappropriate
shocks, all-
cause mortality,
economic

-12 times
lead-related
complications
in TV-ICD
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2. Subcutaneous ICD: What We Know So Far

2.1. Pre-Implant Screening

S-ICDs consists of a completely extra-thoracic device without the registration of intracardiac electrograms. For this

reason, when a S-ICD implant is planned, it is necessary to ensure optimal sensing through a pre-implant

screening . The pre-implant screening aims to evaluate the amplitude of the sensed R wave and if the available

three sensing vectors (primary from the proximal electrode ring to can, secondary from the distal electrode ring to

can, and the third from the distal to the proximal electrode) are able to differentiate the R wave from the T wave in

order to ensure appropriate sensing of VT and avoid inappropriate ICD shocks (IAS) . The electrogram analyzed

by the S-ICD is more similar to a standard 12-lead electrocardiogram (ECG) than to an intracavitary electrogram,

with a distinct P-wave, T-wave and QRS-complex. A dedicated tool is used to measure the amplitude of the three

sensing vectors from the standard 12-lead ECG in both a supine and a sitting/standing position. The screening is

passed if at least one of the vectors works in both positions. Different studies demonstrated that 8% to 15% of the

individuals are excluded from the implant of S-ICD after the screening . Because many IAS are observed

during exercise, some studies have suggested the possibility of conducting the screening during exercise to

evaluate the three vectors in a dynamic way . The most frequent cause of IAS in implanted S-ICD is T waves

oversensing; therefore, in such cases, prolonged screening periods and a more detailed study of the T variation in

different contexts are needed to improve the screening phase . Exercise screening should be recommended

in specific diseases with higher incidence of screening failure, such as HCM .

2.2. Implant Technique

The implant of S-ICD differs from a TV-ICD. S-ICD is made of a case pulse generator that is placed in a

subcutaneous pocket between the anterior and the mid-axillary lines at the level of the V-VI intercostal space.

Currently, a third-generation S-ICD device provided by Boston Scientific (EMBLEM; Boston Scientific, Marlborough,

MA, USA) is used. It weighs 130 g and it measures 83.1 × 69.1 × 12.7 mm. It is magnetic resonance (MRI)

compatible.

There is a single 45 cm lead with sensing ring electrodes at its extremities. One extremity is tunneled in the

subcutaneous plane from the case to the sternum, where it is fixed 1 cm cranial to the xiphoid process while the

other extremity is rounded and tunneled vertically parallel to the left side of the sternum.
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To optimize the implant, different techniques have been tested. The first cases used a three-incision technique with

two incisions at the extremities, one for the lead and one for the case. After that, a two-incision technique was

developed using just the inferior incision for the placement of the lead and eliminating the superior one. Several

studies demonstrated that the two-incision technique is as safe and efficacious as the three-incision one, providing

a faster and less complicated procedure . A high probability of effective defibrillation with a two-incision

procedure was also reported .

Regarding the placement of the pulse generator, different sites of implant were evaluated. An intermuscular implant

in the virtual space between the anterior surface of the serratus anterior muscle and the posterior surface of the

latissimus dorsi muscle was demonstrated to reduce the risk of infections . This technique could be also useful

when insufficient subcutaneous tissue is available, such as in thin patients with a low body mass index or for

cosmetic reasons . In one study, the intermuscular implant reduced the shock impedance in obese patients .

Finally, a sub-serratus implant, by reducing the distance between the generator and the heart, may improve device

efficacy and provide a better cosmetic effect, but only a few studies of this nature have been conducted .

Fluoroscopy is not necessary during an S-ICD implant, except in the pre-procedural step when finding the

landmarks used for implantation. The procedure is mainly performed under deep sedation or general anesthesia

 and the total duration of the procedure is demonstrated to be just a little longer than that of the transvenous one

.

The S-ICD implant has a lower rate of severe complications compared to TV-ICD. Despite a slightly higher

frequency of pocket hematoma, it strongly reduces the risk of pneumothorax, traumatic pericardial effusion, and

lead dislodgment, with lower rates of re-intervention . In the IDE study, no cases of cardiac perforation,

tamponade, pneumothorax, or subclavian vein stenosis were registered .

The implant technique has been improved over the last 10 years of experience. In particular, it has been

demonstrated that there is a steep learning curve for physicians who perform S-ICD implants, with only around 13

implants needed to acquire good autonomy. Increased experience with implantation techniques also led to a

significant reduction in complication rates .

2.3. Inappropriate Shocks

ICD shocks are potentially associated with myocardial injury, altered hemodynamic, apoptosis, and inflammatory

signaling . Several studies demonstrated a positive relation between the burden of ICD shocks and development

or worsening of heart failure, as well as increased risk of heart failure hospitalizations and mortality .

Moreover, shocks have non-negligible psychological and physical impact on patients, with the risk of seriously

affecting their quality of life for decades . Older studies reported that up to 17% of people with TV-ICD could

receive an IAS, usually due to misinterpretation of supraventricular tachycardias (SVT), including sinus

tachycardia, atrial fibrillation (AF), and atrial flutter or device malfunction . This issue has been appreciated a

lot in recent years and led to the development of newer optimized and focused diagnostic strategies, which
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progressively lessened the rate of IAS over time up to 1.9%, according to recent studies . Regarding S-ICD,

inappropriate T oversensing and myopotentials are the main cause of IAS . On the contrary, S-ICD’s

performance in discriminating AF seems higher than TV-ICD, according to a recent metanalysis . In the IDE

study, IAS was performed in 13.1% , while in the EFFORTLESS registry it was performed in 11.7% of cases, in

addition to 2.3% of cases involving non-recognized SVT . A more recent post approval study stated that 6.5% of

cases involved IAS .

In the START study, the S-ICD algorithm was found to be effective for SVT discrimination, even better than TV-ICD

. Initial devices used single zone programming that was only capable of monitoring the cardiac rate.

Improvements were made with the development of a second zone capable of conditional discrimination for rates

between 170–240 beats/min. This zone is programmed to recognize rate and differentiate between SVT and VT

with the possibility of achieving early diagnosis of AF. Dual zone programming strongly demonstrated a reduction in

IAS incidence (11.7% vs. 20.5%) compared to single-zone programming .

The UNTOUCHED study reported the lowest rate of IAS for SVT among S-ICD controlled trials, with an IAS-free

rate of 95.9% (p < 0.001) at 18 months (against a standard performance goal of 91.6% of TV-ICDs) . Data from

the UNTOUCHED study greatly differed from the data of the PRAETORIAN TRIAL , which reported higher rate

of IAS in the S-ICD group, despite the absence of statistical significance. The reason for this discrepancy may be

due to the higher prevalence of the third-generation S-ICD in the UNTOUCHED group compared to the

PRAETORIAN one. Indeed, among the most important innovations of third-generation S-ICDs was the introduction

of the SMART PASS filter (since 2018), which was designed to reduce the amplitude of lower-frequency signals

(such as T-waves), maintaining unchanged signals from R-waves, VT or VF . The introduction of SMART PASS

effectively reduced the rate of IAS in another study . This highlights the importance of morphology discrimination

algorithms applied in the conditional shock zone in reducing IAS in S-ICDs as opposed to the initial use of interval

criteria before applying morphology criteria in TV-ICDs .

2.4. Infections

The S-ICD Post Approval Study examined by Gold and colleagues  in order to evaluate the incidence and

predictors of infections in a 3-year follow-up period observed an infection prevalence of 3.3% (69% within 90 days,

92.7% within 1 year, and none after 2 years). No lead extraction was needed. The mortality rate was 0.6%/year

with no systemic infections. The results were similar to those of other previous studies.

Several meta-analyses reported no significant differences in the occurrence of device-related infections (OR =

1.57; 95% CI: 0.67–3.68) compared to TV-ICDs . According to these data, the rates of all types of infection

are the same between S-ICDs and TV-ICDs. However, a more accurate analysis identified a greater rate of high-

risk infections (i.e., systemic infections) in the TV-ICD group. On the contrary, the S-ICD group was more prone to

pocket infections, which are associated with a significantly lower risk of death .
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In both cases, device removal is needed, although extractions of TV-ICD are significantly harder and have a higher

risk of severe complications compared to S-ICDs extractions . Patients at high risk of infection, such as

dialyzed or immunocompromised patients, could benefit from S-ICD.

2.5. Lead Complications

Transvenous leads are the weakest elements of the TV-ICD system, causing dislocation, fracture, or infections.

Lead fracture accounted for the first case of abandoned lead in the population with cardiac implantable electronic

devices (CIEDs) . The term “lead fracture” refers to a fracture in the lead’s conductor coil and typically accounts

for less than 2% of IAS per year . The risk increases in younger people and in females and becomes greater

over time . Lead fractures often occur in correspondence with stress points, such as near the pulse generator, at

the venous access site, or at the lead tip, where repetitive motion places stress on the conductor coil. Lead fracture

or displacement are often investigated when loss of sensing or pacing are detected during routine checks of the

device. In ICDs, lead fractures are among the most frequent causes of IAS due to artifacts oversensing .

Moreover, a fracture of the high-voltage conductor coil may compromise the ability to deliver therapy when needed.

In most cases of lead fracture, lead interrogation will show an increase in lead impedance, which may arise slowly

or abruptly. Transvenous leads complications also include new or worsened tricuspid regurgitation, pericardial

effusion or pericarditis, cardiac perforation with or without tamponade, hemothorax/pneumothorax, and upper-

extremity vein thrombosis .

These conditions must be taken into account when a new device is implanted, especially in young individuals. New

prospects have been offered by the S-ICD for this population, mainly due to the significant reduction in lead-related

complications. In the PRAETORIAN trial, the primary endpoint consisted of a composite endpoint of device-related

complications or inappropriate shocks at 4 years. The occurrence of lead-related complications was significantly

higher in TV-ICD patients (6.6% in the TV-ICD arm versus 1.4% in the S-ICD arm; p = 0.001) . The ATLAS trial

reported 4.8% lead complications in the TV-ICD group compared to 0.6% in the S-ICD group at six months .

A recent meta-analysis conducted by Fong et al. substantially confirmed these data . In particular, despite a

similar rate of whole complications between the two groups (RR, 0.59 [95% CI, 0.33–1.04]; p = 0.070), a significant

drop in the lead-related complications was found in the S-ICD group (RR, 0.14 [95% CI, 0.07–0.29]; p < 0.0001).

It is worth noticing that S-ICD lead-related complications are different from the ones of the TV-ICD groups because

of the different conformation and position (Table 2). Indeed, the most frequent S-ICD lead-related complications

happened in the early post-implant phase, consisting of lead movement and suboptimal lead position that usually

only needed to be repositioned .

Table 2. Transvenous ICD vs. subcutaneous ICD.
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Data on long-term complications are still needed to perform a comprehensive comparison between the two

devices.

2.6. Appropriate Therapies

The S-ICD has a reproducible good capacity for detection of VAs. In the IDE study, all VAs were successfully

converted, with the exception of a self-interrupted monomorphic VT . Similar data have been registered in the

post-approval study, where only 5.3% of patients showed a VA with a conversion rate of 100% .

The START trial systematically compared the discrimination capacities between S-ICD and TV-ICD. In particular, at

the end of S-ICD or TV-ICD implant, a VT was simulated and an appropriate detection rate (>99%) was registered

in both groups . On the contrary, in the PRAETORIAN trial, Knops et al. reported a higher rate of appropriate

shocks in the S-ICD group. This result can be easily explained by the lack of S-ICDs to provide an anti-tachycardia

pacing (ATP) therapy . It must be considered that in the 4-year follow up of the PRAETORIAN trial, a switch from

S-ICD to a TV-ICD was reported in 0.9% of cases. The reason was the need for anti-bradycardia pacing (0.7%)

and the need for ATP therapy (0.2%) .

In conclusion, the efficacy of shock therapy was evaluated, with similar results between the two groups. The first

shock efficacy was 93.8% in the S-ICD group and 91.6% in the TV-ICD group (p = 0.40) while efficacy of the last

shock was 97.9% and 98.4%, respectively (p = 0.70) . Accordingly, a 98% successful conversion rate was

registered by Bardy and colleagues in one of the first observational studies .
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S-ICD can deliver up to five consecutive biphasic shocks. The recharge lasts 14 s. The shock polarity can vary

from coil to generator (standard) or generator to coil (reverse). The system is able to keep the last effective one in

its memory. In cases of failure, the system automatically switches to an alternative mode. S-ICDs have a higher

defibrillation threshold compared to TV-ICDs and deliver a biphasic shock of 80 J (versus 40 J of TV-ICDs). A study

showed a lower increase in myocardial injury biomarkers in patients with S-ICD compared to TV-ICD after shock

delivery .
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