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Abstract

This review sets out the key evidence comparing subcutaneous ICDs (S-ICDs) and transvenous ICDs and uses it to empower clinical cardiologists
and those who implant ICDs to make optimum patient selections for S-ICD use. The evidence demonstrates that clinical trials performed until
recently have proven the performance of S-ICDs. However, the latest data now available from the ATLAS randomised controlled trial have added
new insights to this body of evidence. ATLAS demonstrates the superiority of S-ICDs over transvenous ICDs regarding lead-related complications,
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findings that point to promising opportunities for patients who are at risk of sudden cardiac death.
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Since 1980, when the first ICD was inserted in a patient, ICDs have evolved
to become the mainstay therapy for both primary and secondary prevention
of all-cause cardiac mortality in patients at risk of dying because of fatal
cardiac arrhythmias. However, the risks of complications, in particular
those related to lead failure and systemic infections, associated with
traditional transvenous (TV-ICD) devices are an on-going concern!

The subcutaneous ICD (S-ICD) was designed to overcome these
intravascular complications by its entirely extrathoracic implantation. Over
the past couple of decades, studies have focused on addressing the
efficacy and safety of S-ICDs compared with TV-ICDs and have
demonstrated the proven performance of S-ICDs.?

The PRAETORIAN trial was the first head-to-head randomised controlled
trial (RCT) to compare S-ICDs with TV-ICDs In this trial, the authors
reported the non-inferiority of the S-ICD for a primary composite endpoint
of device-related complications or inappropriate shocks at 4 years. The
study also showed a statistically significant difference in lead-related
complications, with TV-ICD patients experiencing fourfold higher rates of
lead-related complications than S-ICD patients (6.6% in the TV-ICD arm
versus 1.4% in the S-ICD arm; p=0.001).?

Further clinical evidence has been obtained from non-randomised studies
and a meta-analysis that demonstrated the non-inferiority of S-ICD in
safety and efficacy, including a real-world S-ICD registry and patients with
a left ventricular ejection fraction (LVEF) <35% in the UNTOUCHED trial.2**

More recently, the first randomised superiority trial has been
performed. The ATLAS trial was presented as a late-breaking clinical
trial at the 2022 Heart Rhythm Society Cardiology Conference.®
It demonstrated 92% fewer serious lead-related complications for
S-ICDs compared with TV-ICDs at 6 months following implantation.®
This evidence indicates that the S-ICD could be an appropriate
choice of device for patients without the need for pacing,
particularly those considered to be at a higher risk of lead-related
complications.

Accordingly, the purpose of this review is to empower both clinical
cardiologists and those who implant ICDs with an up-to-date review of the
key clinical evidence comparing S-ICDs and TV-ICDs in order to help
inform their patient selection.

Clinical Evidence

PRAETORIAN

PRAETORIAN was a RCT in which the primary endpoint was a composite
of device-related complications and inappropriate shocks.® The trial
randomised 849 eligible patients from clinical centres across the US and
Europe between March 2011 and January 2017. Patient diagnoses at
baseline are shown in Table 1.

PRAETORIAN demonstrated that the S-ICD was not inferior to the TV-ICD
regarding the composite endpoint (device-related complications and
inappropriate shocks) at 4 years (Figure 1).
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Table 1: Summary of Study Characteristics

Design Patients Patient Baseline Characteristics Primary Outcome(s) Results Key Findings
(n)
PRAETORIAN® Non-inferiority 849 e >18 years Composite of device-related At median follow-up of 491 S-ICD was
(NCT01296022)  RCT o Class | or lla indication for ICD therapy ~ complications and IAS months, a primary endpoint non-inferior to the
for primary or secondary prevention event occurred in 68 TV-ICD regarding
« Ischaemic cardiomyopathy, S-ICD: patients in the S-ICD group  device-related
67.8%: TV-SCD: 70.4% and 68 patients in the complications and
* Non-ischaemic cardiomyopathy, S-ICD: TVAICD group lAS,m pat@nts with
23.2%: TV-SCD: 23.2% an indication for an
) ) ICD but no
e Genetic arrhythmia syndrome, S-ICD: indication for
4.7%; TV-SCD: 4.3% el
pacing
e Hypertrophic cardiomyopathy, S-ICD:
3.5%; TV-SCD: 1.7%
e |diopathic VF, S-ICD: 2.6%; TV-SCD: 1.2%
e Congenital heart disease, S-ICD: 0.7%;
TV-SCD: 0.7%
e Other
UNTOUCHED® Multi-national, 1,11 e Primary prevention patients with an |AS-free rate at 540 days 95.9% IAS-free rate at 18 S-ICD offers high
(NCT02433379)  prospective, LVEF <35% undergoing a de novo (18 months) compared to a months efficacy and safety
non-randomised S-ICD implant procedure performance goal of 91.6%
study e 53.5% ischaemic heart disease
e 87.7% symptomatic heart failure and a
mean LVEF 26.4 +5.8%.
EFFORTLESS! An international, 994 e 29% ischaemic cardiomyopathy e S-ICD complication rate e S-ICD complication-free  The S-ICD maintains
(NCT01085435)  observational, * 18% dilated cardiomyopathy 30 days post-implantation rate was 99.9% at 30 a high level of
non-randomised, « 20% channelopathies e S-ICD complication rate at days, 98.5% at 360 days, shock efficacy over
stahdard of care « 65% primary prevention indication 360 days and 94.5% after 5 years  time
registry o Percentage of IAS for AF * IASrates at1and 5 years
or SVT were 8.7% and 16.9%,
respectively
Rordorf et al. Meta-analysis of 9,073 (13 e Mean LVEF was 40 +10% The composite of clinically No statistically significant ~ S-ICD is at least as
2021 primary studies ~ studies) o 30% of patients were female relevant complications difference in the risk of the  effective and safe
(meta-analysis)  that dlrectly . « 73% had an ICD implanted for primary and IAS primary outcome between  as TV»IQD for
compare clinical prevention S-ICD and TV-ICD prevention of SCD
outcomes and in patients without
complications the need for pacing
between S-ICD
and TV-ICD
ATLAS® Prospective RCT 503 e Aged >18 to 60 years, standard Reduction in the rate of major  S-ICD reduces the rate of ~ S-ICD is superior to
(NCT02881255) indication for ICD lead-related complications at  major, lead-related TV-ICD regarding

e Aged >18 years and one of the following:
inherited arrhythmia syndrome, a prior

serious lead-related
complications

6 months post-implant complications by 92%

pacemaker or ICD removal for infection;
need for hemodialysis, prior heart valve

surgery or chronic obstructive
pulmonary disease (with FEV, <1.51)

IAS = inappropriate shock; LVEF = left ventricular ejection fraction; RCT = randomised controlled trial; S-ICD = subcutaneous ICD; SVT = supraventricular tachycardia; TV-ICD = transvenous ICD.

In a secondary analysis of PRAETORIAN, appropriate therapy was
evaluated along with assessment of whether anti-tachycardia pacing
(ATP) reduces the number of appropriate shocks. It found no statistical
difference in the number of patients treated with appropriate ICD therapy
in the S-ICD and TV-ICD groups, and patients with an S-ICD were more
likely to receive an appropriate shock. However, the overall number of
appropriate shocks was comparable between the two groups, despite the
inability of the S-ICD to deliver ATP/

UNTOUCHED

UNTOUCHED was a multinational, prospective, non-randomised study
designed to evaluate the rate of inappropriate shocks.® It included a more
typical, contemporary ICD patient population (i.e. patients with LVEF
<35%) implanted with an S-ICD compared with the patient populations of

previous S-ICD studies. The primary endpoint was the inappropriate
shock-free rate at 540 days (18 months) compared to a performance goal
of 91.6%, derived from the results obtained with optimally programmed
TV-ICD patients in the MADIT-RIT study.? The trial spanned almost 3 years
and took place across 110 sites located in the US, Canada and Europe
between June 2015 and February 2018. UNTOUCHED enrolled 1,111
patients with LVEF <35% (ischaemic or non-ischaemic heart disease) who
were eligible for S-ICD therapy.

Overall, at 18 months the inappropriate shock-free rate was 95.9% with a
lower confidence limit of 94.8%, meeting the performance goal of 91.6%.

The inappropriate shock-free time course is presented in Figure 2.

UNTOUCHED demonstrated that the inappropriate shock rates of S-ICDs,
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in a cohort of patients with more comorbidities and lower LVEFs than
previous S-ICD studies, are comparable to those observed in previous
studies with TV-ICDs. It should be noted that the 1-year inappropriate
shock rates measured across S-ICD studies have decreased substantially
over time because of the implementation of conditional zone programming
and technology improvements to minimise T wave oversensing, including
the SMART Pass filter (Boston Scientific) that was specially designed to
reduce cardiac oversensing.

EFFORTLESS

The EFFORTLESS S-ICD registry was a non-randomised, standard of care,
multicentre registry set up to collect long-term system-related, clinical, and
patient reported outcome data from patients implanted with S-ICDs.* It is
the largest study of long-term outcomes associated with the S-ICD. Study
endpoints were the perioperative (30 days post implantation) S-ICD
complication rate, 360-day S-ICD complication rate and the incidence of
inappropriate shocks for AF or supraventricular tachycardia (SVT). The
registry enrolled 994 patients with a diverse range of cardiac disease at 46
centres in 11 countries from February 2011 to November 2014. The 5-year
outcomes were also reported, including spontaneous shock efficacy.

The results from EFFORTLESS showed an S-ICD complication-free rate of
99.9% at 30 days, 98.5% at 360 days and 94.5% after 5 years (Figure 3).

In this long-term S-ICD registry, the majority of complications occurred in
the first few months post implant, with the most common complication
being infection requiring replacement. Erosion was the second most
common complication, occurring more commonly in years 2—5. Moreover,
EFFORTLESS provided valuable clinical evidence of the long-term efficacy
of the S-ICD, demonstrating consistently high spontaneous shock efficacy
(98%) over an average of 5 years of follow-up. This result is consistent
with those of other TV-ICD studies.”*"

Meta-analysis

In a meta-analysis of the available clinical studies comparing S-ICD and
TV-ICD, the primary outcome was the composite of all relevant
complications and inappropriate shocks.? The analysis included 13 studies
and a total of 9,073 patients. Patient baseline characteristics were
comparable between those implanted with S-ICD (3,433 patients) and
those with TV-ICD (5,640 patients). Mean LVEF was 40% + 10%. Underlying
cardiopathies were an ischaemic aetiology (46% of patients), non-ischemic
cardiomyopathy (44% of patients) and channelopathy (9% of patients).

The risk of the composite of relevant complications and inappropriate
shocks between S-ICD and TV-ICD patients was not statistically significant
different. There was also no statistically significant difference between
S-ICD and TV-ICD patients for the global risk of inappropriate shock
(Figure 4). However, patients implanted with an S-ICD had a lower risk of
lead complications than TV-ICD patients (Figure 5). Furthermore, patients
implanted with an S-ICD had a lower risk of inappropriate shocks due to
SVT but a higher risk of inappropriate shocks for cardiac oversensing.

Finally, the risk of appropriate shocks was similar in S-ICDs versus TV-ICDs
and major clinical endpoints, such as cardiovascular and non-
cardiovascular death, were comparable among the two groups.

This meta-analysis — the largest of its kind — compared clinical outcomes
and complications between patients implanted with S-ICDs versus TV-ICDs
in those with an indication for an ICD without the need for pacing. It revealed
that the overall risk of clinically relevant complications and inappropriate

Figure 1: Time-to-first-event Curves for
the Primary Endpoint and Its Components
in the PRAETORIAN Study
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A: Primary composite endpoint (device-related complications or inappropriate shocks);
B: Device-related complications; C: Inappropriate shocks. S-ICD = subcutaneous ICD;
TV-ICD = transvenous ICD. Source: Knops et al. 2020.> Reproduced with permission from
Massachusetts Medical Society.
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Figure 2: Inappropriate Shock-free
Rate in the UNTOUCHED Study
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Kaplan—Meier curve illustrating the primary the endpoint result (IAS-free rate at 18 months) in the
UNTOUCHED study.® IAS = inappropriate shock; LCL = lower confidence limit. Source: Gold et al.
2020.° Reproduced with permissions from Wolters Kluwer Health, Inc.

Figure 3: Complication-free Rates With
Subcutaneous ICD Use in the EFFORTLESS Study
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K-M curve of complication-free rates for overall complications (Types I-Ill) and complications
caused by the S-ICD system (Type I) in the EFFORTLESS studly.* K-M = Kaplan—Meier;

S-ICD = subcutaneous ICD. Source: Lambiaise et al. 2022.* Reproduced with permissions from
Oxford University Press.

shocks was not different between two patient groups. The results also
showed that S-ICDs and TV-ICDs are associated with different types of
complications and different prevalent causes of inappropriate shocks. This
should be taken into consideration by clinicians implanting the device when
selecting the most appropriate choice of ICD for their patient.

ATLAS

ATLAS was a prospective, randomised controlled head-to-head trial.® The
primary outcome was the rate of lead-related complications of S-ICD
compared to TV-ICD measured at 6 months following implant. The study
enrolled 503 patients with a primary or secondary standard indication for
an ICD or with inherited cardiac arrhythmias or with cardiac conditions
considered at increased risk for lead-related complications. It took place
across 14 clinical centres in Canada. Patient diagnoses at baseline are
shown in Table 1.

Serious lead-related complications occurred in 4.8% of patients with a
TV-ICD versus 0.4% of those with an S-ICD at 6 months. This demonstrates
that the S-ICD is superior to TV-ICD, achieving 92% fewer serious lead-
related complications. Serious complications were defined as moderate-
severe or severe tricuspid regurgitation, haemothorax/pneumothorax,
cardiac perforation, tamponade, pericardial effusion or pericarditis,
ipsilateral upper-extremity deep vein thrombosis and lead dislodgement
or loss of sensing or pacing requiring revision.

ICD effectiveness, defined as the rate of failed first ICD shock, was similar
between S-ICDs and TV-ICDs. The rate of inappropriate shocks showed a
trend toward a higher risk with S-ICDs versus TV-ICDs (6.4 versus 2.8%),
although the difference was not statistically significant.

Author Expertise

Dr Roberto Rordorf, cardiologist and electrophysiologist, is the Head of
the Arrhythmias and Electrophysiology Unit at the Policlinico San Matteo
Foundation in Pavia, Italy. The Arrhythmias Unit has had considerable
experience over the past few decades in the field of device therapy for
patients with heart failure and cardiac arrhythmias. Pavia is one of the few
centres in Italy that participated in the design and conduct of one of the
pivotal trials on cardiac resynchronisation therapy, the CARE-HF study.® It
was also one of the first centres worldwide to test vagal stimulation in the
treatment of chronic heart failure As a leading national centre in the
treatment of patients with heart failure, cardiomyopathies and
channelopathies, significant clinical and research activity on ICD therapy
is conducted there. Furthermore, patients with complex atrial and
ventricular arrhythmias are treated by means of catheter ablation on a
regular basis. Beyond the percutaneous treatment of cardiac arrhythmias,
Pavia is one of the few centres worldwide with recognised long-term
experience in the neuromodulation of cardiac arrhythmias.*"

Discussion

As ICD technology progresses and programming algorithms improve, ICD
therapy has evolved dramatically and today it has become the cornerstone
of treatment for both primary and secondary prevention of patients at risk
of sudden cardiac death. In addition, advancing age and increased
comorbidities are forever putting forward more candidates for
intervention. The safety and efficacy of the S-ICD have been demonstrated
in several studies over the past couple of decades. While traditional TV-
ICDs continue to bring risks of lead complications, the latest data from the
ATLAS trial now further expand the findings from PRAETORIAN and other
studies by demonstrating that the S-ICD is superior to the TV-ICD in
preventing the serious complications associated with transvenous leads
as early as 6 months after implant.®’

Who Should Receive the Subcutaneous-ICD?

Evidence from clinical trials shows that S-ICDs are appropriate for a
broad range of patient populations. A recent study on a large
representative national cohort of older patients supported the use of
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Figure 4: Meta-analysis Findings for Inappropriate Shock

S-ICD TV-ICD OR OR
Study or Subgroup Events  Total Events Total Weight M-H, Random [95% CI] M-H, Random [95% CI]
3.71 Adult
Boveda, 2018 0 3N 0 30 Not estimable
Brouwer, 2016 20 140 22 140 22.5% 0.89[0.46-172] ——
Brouwer, 2018 3 391 2 39 47% 1.50 [0.25-9.05] —_—T
Honarbakhsh, 2017 3 69 6 69 71% 0.48 [0.11-1.99] _—
Knops, 2020 41 426 29 423 301% 1.45[0.88-2.38] T
Kobe, 2013 5 69 3 69 6.7% 172 [0.39-7.49] s e
Lenarczyk, 2018 0 76 1 307 1.6% 1.34 [0.05-33.11]
Liang, 2019 8 86 3 86 77% 2.84[0.73-11.08] -
Mithani, 2018 1 91 2 91 27% 0.49 [0.04-5.55] _—
Viani, 2019 5 90 3 139 6.8% 2.67[0.62-11.45] -
Subtotal (95% Cl) 1,469 1,746 89.9% 1.28 [0.91-1.79] >
Total events 86 7
Heterogeneity: Tau? = 0.00; Chi? = 6.28, df = 8 (p=0.62); 12 = 0%
Test for overall effect: Z = 1.44 (p=0.15)
3.7.2 Pediatric
Pettit, 2013 1 9 3 8 2.5% 0.21[0.02-2.60]
Quast, 2018 3 35 " 46 77% 0.30[0.08-1.17] —_—
Subtotal (95% CI) 44 54 10.1% 0.28 [0.08-0.91] i
Total events 4 14
Heterogeneity: Tau? = 0.00; Chi? = 0.06, df = 8 (p=0.27); 12 = 0%
Test for overall effect: Z =211 (p=0.03)
Total (95% Cl) 1,513 1,800 100.0% 1.09 [0.73-1.64] -
Total events 90 85
Heterogeneity: Tau? = 0.08; Chi? = 1219, df = 10 (p=0.27); 12 = 18% I } } |
Test for overall effect: Z = 0.43 (p=0.66) 0.01 01 1 10 100
Test for subgroup differences; Chi? = 5.84, df =1 (p=0.02); 12 = 82.9% Favours [S-ICD] Favours [TV-ICD]

Meta-analysis findings comparing the risk of inappropriate shock in patients implanted with S-ICDs and TV-ICDs.? M-H = Mantel-Haenszel: S-ICD = subcutaneous ICD; TV-ICD = transvenous ICD.

Source: Rordorf et al. 2021% Reproduced with permission from Elsevier.

Figure 5: Meta-analysis Findings for Lead-related Complications

S-ICD TV-ICD OR OR
Study or Subgroup Events  Total Events Total Weight M-H, Random [95% ClI] M-H, Random [95% ClI]
Boveda, 2018 0 31 0 31 Not estimable
Brouwer, 2016 1 140 17 140 14.3% 0.05 [0.01-0.40] —_—
Brouwer, 2018 1 391 9 391 13.8% 0.11[0.01-0.86] —_—
Friedman, 2016 2 1,920 16 3,840 27.3% 0.25[0.06-1.08] —_—
Honarbakhsh, 2017 0 69 7 69 71% 0.06 [0.00-1.07]
Kobe, 2013 0 69 2 69 6.3% 0.19[0.01-412] —_—
Liang, 2019 1 86 3 86 11.3% 0.33[0.03-319] —_—
Petit, 2013 0 9 2 8 5.8% 0.14[0.01-3.34] -
Quast, 2018 0 35 10 46 7.2% 0.05 [0.00-0.87]
Viani, 2019 0 90 4 139 6.9% 0.7 [0.01-313] —_—
Total (95% Cl) 2,840 4,819 100.0% 0.14 [0.06-0.29] S
Total events 5 70
Heterogeneity: Tau? = 0.00; Chi? = 3.08, df = 8 (p=0.93); 12 = 0% ) \ \ ,
Test for overall effect: Z = 5.08 (p<0.00001) o (')01 0' ] 1 1'0 10(')0
Favours [S-ICD] Favours [TV-ICD]

Meta-analysis findings comparing the risk of lead complications in patients implanted with S-ICDs and TV-ICDs.? M-H = Mantel-Haenszel: S-ICD = subcutaneous ICD; TV-ICD = transvenous ICD. Source:

Rordorf et al. 2021.2 Reproduced with permission from Elsevier.

S-ICD in patients aged >65 years who were at risk of sudden cardiac
death.” The safety and efficacy of S-ICD in teenagers and young adults
has also been demonstrated in a large, real-world cohort of S-ICD
patients stratified by age at implantation.® The rates of inappropriate
shocks and complications were not different in younger versus older
patients. Historically, young patients have often represented the most
suitable candidates for an entirely S-ICD system because they face a
lifetime of device therapy and rarely have a pre-existing or concurrent
pacing or cardiac resynchronisation therapy indication. It should also be
taken into consideration that, even in in a patient implanted with an
S-ICD who has a lead complication or a device infection, lead extraction
is likely to be more straightforward and less risky with the S-ICD than
with the TV-ICD®

The data show that S-ICD use avoids many of the serious complications
associated with invasive leads, including serious infection and lead-
related complications. Further, the superiority of S-ICD occurs 6 months
after implant in adults of all ages with the most common ICD indications.

Patients experiencing transvenous lead complications can also be very
good candidates for S-ICD implantation, either where a transvenous lead
abandonment strategy is adopted or following percutaneous lead
extraction.”®? This is also true for those cases treated with lead extraction
and TV-ICD removal because of infection. Beyond patients who already
have an infective complication with TV-ICD, other patients who are
deemed at higher infective risk, such as those with end-stage renal
insufficiency or diabetes, should be considered for an S-ICD as a first-line
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strategy. Furthermore, we have recently demonstrated positive patient
acceptance of the S-ICD, even in groups at risk of psychological distress,
such as females or those with a smaller body habitus, independent of the
generator positioning.?

Patients with inherited cardiac arrhythmias and cardiomyopathies are
usually younger and could be considered suitable for S-ICD therapy.
Nevertheless, data from the literature in these scenarios are still scarce
and debatable.

Regarding channelopathies, most available data are available for Brugada
syndrome. Brugada patients are usually young and active with a long life
expectancy, only rarely requiring pacing. Accordingly, although data with
longer follow-up periods are needed, Brugada patients have been
considered to be the ideal candidates for S-ICDs in many centres. Previous
studies have demonstrated that the S-ICD is effective and associated with
an acceptable rate of complications in patients with channelopathies.?%
Nevertheless, a recent study raised a potential eligibility limitation with
the use of S-ICD in Brugada patients, with the authors demonstrating a
screening pass rate of 85% at rest and only 70% when a type 1 Brugada
ECG pattern was induced by means of the ajmaline test.”®

Patients with arrhythmogenic right ventricular cardiomyopathy (ARVC) and
hypertrophic cardiomyopathy (HCM) are usually young and active and
therefore also potentially good candidates for the S-ICD. S-ICDs have been
proven to be highly effective in terminating both spontaneous and induced
arrhythmias in ARVC.?® Moreover, although the rate of ARVC patients that
experienced inappropriate shocks was not negligible (14% at 1year), it was
in line with data from previous reports on TV-ICD (10-25%).7-%

In a large cohort of patients with HCM, the S-ICD was associated with a
lower incidence of overall device therapies when compared to the TV-

ICD. The difference was mainly driven by a significantly higher ATP therapy
rate in the TV-ICD group, suggesting that ATP therapy is very likely to be
unnecessary in HCM patients.®

Some aspects of the S-ICD system hold me back from proposing the
S-ICD as the first choice in every patient in the need of an ICD. These
include the need for conscious sedation or, in some cases, even the
support of an anaesthesiologist during the implantation procedure, along
with the relatively shorter battery life of 7-9 years and the larger size of
the S-ICD compared with the TV-ICD. However, these relate to technical
issues associated with any young technology and will undoubtedly be
resolved with on-going developments. Indeed, the system has already
evolved significantly from its original version, especially with the
arrhythmia detection algorithms that have allowed a substantial reduction
in inappropriate shocks, as demonstrated in the UNTOUCHED study.’
Moreover, it must be recognised that, despite the initial concern about the
size of the current S-ICD, patient acceptance is positive and its use is
sometimes associated with better positive appraisal in comparison with
the TV-ICD.?

Conclusion

Based on the current evidence presented so far, further strengthened by
the results of the latest PRAETORIAN and ATLAS trials, | strongly believe
that the use of the S-ICD for patients across all ages and with a wide
range of indications who don’t require pacing should be significantly
broadened in every day clinical practice. S-ICDs are particularly
appropriate for young and active patients, and all those patients deemed
at higher risk of infections and lead complications should be screened for
the S-ICD as first-line therapy. With appropriate patient selection alongside
modern device programming, S-ICDs can be chosen with confidence in
order to reduce the rate of complications in our patients who are at risk of
sudden cardiac death.
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