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Aims A recommendation for a subcutaneous-implantable cardioverter-defibrillator (S-ICD) has been added to recent European
Society of Cardiology Guidelines. However, the S-ICD is not ideally suitable for patients who need pacing. The aim of this
survey was to analyse the current practice of ICD implantation and to evaluate the actual suitability of S-ICD.

Methods The survey ‘S-ICD Why Not? was an independent initiative taken by the ltalian Heart Rhythm Society (AIAC). Clinical

and results characteristics, selection criteria, and factors guiding the choice of ICD type were collected in consecutive patients who
underwent ICD implantation in 33 Italian centres from September to December 2015. A cardiac resynchronization ther-
apy (CRT) device was implanted in 39% (369 of 947) of patients undergoing de novo ICD implantation. An S-ICD was
implanted in 12% of patients with no CRT indication (62 of 510 with available data). S-ICD patients were younger than
patients who received transvenous ICD, more often had channelopathies, and more frequently received their device for
secondary prevention of sudden death. More frequently, the clinical reason for preferring a transvenous ICD over an S-
ICD was the need for pacing (45%) or for antitachycardia pacing (36%). Nonetheless, only 7% of patients fulfilled condi-
tions for recommending permanent pacing, and 4% of patients had a history of monomorphic ventricular tachycardia
that might have been treatable with antitachycardia pacing.

Conclusion The vast majority of patients needing ICD therapy are suitable candidates for S-ICD implantation. Nevertheless, it currently
seems to be preferentially adopted for secondary prevention of sudden death in young patients with channelopathies.

Keywords Implantable cardioverter-defibrillator e Subcutaneous e Survey e Indication e Pacing e Ventricular
arrhythmias e Sudden death
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What’s new?

® This nation-wide survey provided original data on the current
practice of implantable cardioverter-defibrillator (ICD) implant-
ation, and specifically on the adoption of subcutaneous-ICD
(S-ICD) therapy.

® The typical profile of an S-ICD recipient is different from that
of the overall ICD population, in that an S-ICD seems to be
preferred in young patients with channelopathies, mainly in the
context of secondary prevention.

® The most common reasons for preferring a transvenous ICD
over an S-ICD are not supported by specific conditions, such
as the need for permanent pacing or antitachycardia pacing.

Introduction

Implantable cardioverter-defibrillators (ICDs) are an established
therapy for the prevention of sudden cardiac death (SCD).'
Conventional ICDs rely on transvenous leads to deliver defibrillation
shocks [transvenous-ICD (T-ICD)] and, if necessary, to provide car-
diac pacing. Implantable cardioverter-defibrillator therapy is not free
from procedural complications; these are mainly associated with the
insertion of transvenous leads, e.g. pneumothorax, cardiac tampon-
ade, and vascular damage.> Moreover, the long-term risks of device-
related complications are of great concern, especially in view of the
improved survival of ICD recipients.3 In order to avoid the risks
involved in accessing the heart via the vascular system and to over-
come recurring problems with transvenous leads, a subcutaneous
ICD (S-ICD) has recently been developed in which the electrode sys-
tem is placed entirely subcutaneously, outside the chest. The available
data suggest that S-ICDs are effective in terminating life-threatening
ventricular arrhythmias (VAs)."® Consequently, a Class lla recom-
mendation for S-ICD has been added to the most recent European
Society of Cardiology (ESC) Guidelines for patients with VAs."
However, S-ICDs are not suitable for patients who require pacing for
bradycardia or cardiac resynchronization therapy (CRT), nor for
those who suffer from VAs that can easily be terminated by antitachy-
cardia pacing (ATP).

The Italian survey ‘S-ICD Why Not? was an independent initiative
taken by the lItalian Heart Rhythm Society (Associazione lItaliana
Aritmologia e Cardiostimolazione—AIAC). The primary aim of this
survey was to provide information, including clinical characteristics,
selection criteria, and factors guiding the choice of ICD type, in a rep-
resentative sample of consecutive patients who underwent ICD im-
plantation in Italian clinical practice. Data were analysed to measure
the actual suitability for S-ICD and to evaluate the adoption of this
novel therapy.

Methods

Study design

All Italian centres with experience in S-ICD implantation were invited
to participate. Centres were asked to enrol consecutive patients at the
time of de novo implantation of a new single- or dual-chamber T-ICD or

an S-ICD, in a 3 month row, between 1 September 2015 and 31
December 2015. At the time of implantation, all patients provided writ-
ten informed consent for data storage and analysis. Data were collected
by means of online internet entry. An electronic case report form was
created to capture demographics and clinical characteristics, selection cri-
teria assessed prior to implantation, and factors guiding the choice of ICD
type. The contents of the form are detailed in Appendix. All centres were
also asked to report the total number of implantation procedures per-
formed during the observation period, i.e. de novo, replacement and up-
grade implantations of single-or dual-chamber T-ICD, ICD for CRT
(CRT-D), and S-ICD. Secondary prevention of SCD was defined as the
ICD implantation in patients with documented ventricular fibrillation,
haemodynamically not tolerated or recurrent sustained ventricular tachy-
cardia in the absence of reversible causes.' The prevalence of conditions
for a recommendation for pacing according to ESC Guidelines® was
measured to quantify the actual need for permanent pacing.

Statistical analysis

Descriptive statistics are reported as means + SD for normally distrib-
uted continuous variables or medians with 25th—75th percentiles in the
case of skewed distribution. Categorical variables are reported as per-
centages. Differences between mean data were compared by means of a
t-test for Gaussian variables, and by the Mann—Whitney non-parametric
test for non-Gaussian variables. Differences in proportions were com-
pared by means of %2 analysis or Fisher’s exact test, as appropriate. A P-
value <0.05 was considered significant for all tests. All statistical analyses
were performed by means of STATISTICA software, version 7.1
(StatSoft, Inc., Tulsa, OK, USA).

Results

Participating centres and study
population

The participating centres numbered 33 (the complete list is reported
in Appendix), 29 (88%) of which belonged to the fourth quartile of
the ICD volume distribution (>50 ICDs per year), according to the
Italian ICD Registry of AIAC.

A total of 1371 consecutive ICD procedures were performed dur-
ing the 3 month observation period. The procedure was a replace-
ment or an upgrade of a previous ICD system in 424 (31%) patients
and a de novo implantation in 947 (69%) patients. Of the latter, 369
(39%) were CRT-Ds; the remaining 578 (61%) cases were eligible for
inclusion, i.e. single- or dual-chamber T-ICDs and S-ICDs (Figure 1). In
68 (12%) of these cases, data were not available or consent was not
obtained.

The remaining 510 patients constituted the population in analysis.
The device implanted was a single-chamber T-ICD in 221 (43%) pa-
tients, a single-lead T-ICD with atrial sensing (VDD) in 8 (2%) pa-
tients, a dual-chamber ICD in 219 (43%) patients, and an S-ICD in 62
(12%) patients.

Clinical characteristics

Table 1 shows the baseline clinical variables in the overall population
and in patients who underwent implantation of T-ICD and S-ICD.
The two groups differed greatly, in that S-ICD patients were younger,
showed better systolic function and functional status, less frequently
presented with structural cardiomyopathy and more often had in-
herited channelopathies. Patients who received an S-ICD also had
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1371 consecutive ICD implantations
performed duning the obsarvation period

| 424 {31%) replacement or upgrade procedures |

| 947 (B9%) de novo implantations |

360 (39%) CRT-D implantations |

| 578 {61%) implantations eligible for inclusion in the analysis |

l—){ 68 (12%) data not available or consent not obtained |

-5-10 implantations in the analysis:

+ 221 single-chamber ICD

= & single-chamber 1CD with atrial sensing (VDD)
= 219 dual-chamber ICD

* 62 5ICD

Figure | Diagram of the study: number of cases in analysis.

less coronary artery disease and fewer comorbidities, and more fre-
quently received their device for secondary prevention of SCD.

Electrocardiogram on implantation and

clinical indications for pacing
The findings of the baseline electrocardiogram (ECG) and the arrhyth-
mic history of the patients are presented in Table 2. Twenty-eight (5%)
patients presented with sick sinus syndrome, and 8 (2%) with second-
degree Mobitz Il or third-degree atrioventricular block. Overall, condi-
tions for a Class | recommendation for permanent pacing were present
in 36 (7%) patients. An additional 10 (2%) patients had conditions for a
Class lla (should be considered) recommendation and 3 (1%) patients for
a Class llb (may be considered) recommendation.

Analysis of the arrhythmic history revealed the occurrence of
monomorphic ventricular tachycardia (MVT) with syncope in 19

Table I Demographics and baseline clinical parameters
Parameter All patients (n=510) Transvenous ICD (n=448) Subcutaneous ICD (n=62) P-values
Male gender, n (%) 399 (78) 354 (79) 45 (73) 0.250
Age, years 65 *13 67 £11 47 =13 <0.001
BMI classification 0.001
Underweight, n (%) 10(2) 10(2) 0(0)
Normal weight, n (%) 189 (37) 154 (34) 35 (56)
Overweight and obese, n (%) 311 (61) 286 (64) 25 (40)
LV ejection fraction, % 36 £11 34 =10 49 =14 <0.001
New York Heart Association <0.001
Class I, n (%) 107 (21) 66 (15) 41 (66)
Class II, n (%) 270 (53) 256 (57) 14 (23)
Class lll, n (%) 128 (25) 121 (27) 7 (11)
Class IV, n (%) 5(1) 5(1) 0(0)
Secondary prevention of SCD, n (%) 123 (24) 91 (20) 32(52) <0.001
Cardiomyopathy
Ischaemic, n (%) 286 (56) 268 (60) 18 (29) <0.001
Dilated, n (%) 97 (19) 94 (22) 3(5) 0.002
Hypertrophic, n (%) 25 (5) 16 (4) 9 (15) <0.001
Hypertensive, n (%) 16 (3) 15 (3) 1(2) 0.706
Valvular, n (%) 20 (4) 18 (4) 2(3) 1.000
ARVD, n (%) 10(2) 7(2) 3(5) 0.110
Congenital, n (%) 5(1) 4 (1) 1(2) 0.478
Other, n (%) 5(1) 3(1) 2(3) 0.114
Channelopathies/Other
Idiopathic VF, n (%) 20 (4) 13(3) 7 (11) 0.001
Brugada, n (%) 15(3) 2(04) 13 (21) <0.001
Long QT syndrome, n (%) 5(1) 3(1 2(3) 0.114
Other, n (%) 6(1) 5(1) 1(2) 0.542
Coronary artery disease, n (%) 293 (57) 275 (61) 18 (29) <0.001
Myocardial infarction, n (%) 269 (53) 252 (56) 17 (27) <0.001
Coronary artery bypass graft, n (%) 97 (19) 92 (21) 5(8) 0.019
PTCA, n (%) 194 (38) 181 (40) 13 (21) 0.003
Chronic kidney disease, n (%) 87 (17) 83 (19) 4 (6) 0.018
Diabetes, n (%) 134 (27) 127 (28) 7 (11) 0.004
COPD, n (%) 82 (16) 80 (18) 2(3) 0.001

BMI, body mass index; LV, left ventricular; SCD, sudden cardiac death; ARVD, arrhythmogenic right ventricular dysplasia; VF, ventricular fibrillation; PTCA, percutaneous trans-

luminal coronary angioplasty; COPD, chronic obstructive pulmonary disease.
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Table 2 Electrocardiogram on implantation and arrhythmic history

Parameter All patients (n=510) Transvenous ICD (n=448) Subcutaneous ICD (n=62) P-values
Atrial fibrillation, n (%) 64 (13) 64 (14) 0(0) <0.001
Sick sinus syndrome, n (%) 28 (5) 28 (6) 0 (0) 0.037
Chronotropic incompetence, n (%) 32 (6) 30 (7) 2(3) 0.407
PR interval duration, ms 174 £37 177 =36 156 =32 <0.001
Atrioventricular block

First-degree (PR interval >200ms), n (%) 61(12) 57 (13) 4 (6) 0.209

Second-degree Mobitz |, n (%) 5(1) 5(1) 0 (0) 1.000

Second-degree Mobitz II, n (%) 3(N 3(1) 0(0) 1.000

Third-degree, n (%) 5(1) 5(1) 0(0) 1.000
QRS duration, ms 105 20 107 20 96 =12 <0.001

QRS duration > 120ms, n (%) 62 (12) 61 (14) 1(2) 0.003
Left bundle branch block, n (%) 28 (5) 27 (6) 1(2) 0.233
Right bundle branch block, n (%) 22 (4) 20 (4) 2(3) 1.000
Left anterior fascicular block, n (%) 33 (6) 32 (7) 1(2) 0.162
Intraventricular conduction delay, n (%) 12(2) 11(2) 1(2) 1.000
History of

Ventricular fibrillation, n (%) 75 (15) 57 (13) 18 (30) <0.001

Polymorphic ventricular tachycardia, n (%) 27 (5) 19 (4) 8 (13) 0.004

Monomorphic ventricular tachycardia, n (%) 68 (13) 59 (13) 7 (12) 0.679

With syncope, n (%) 19 (4) 16 (4) 3(5) 0.717
Unsuitability of S-ICD: Why not? (n=448)
203 (45%) 172 (38%)
163 (36%)
117 (26%)
29 (6%) 24.(5%) 31 (7%)
O -
_— I A
Meed for pacing Cost of the system MNeed for Future need for ~ Need for dual-  Devicesize and Patient preference Other
(current/expected) antitachycardia biventricular i i i
pacing pacing algorithms appearance

Figure 2 Factors for preferring a transvenous ICD over an S-ICD (n = 448). Multiple factors were reported per patient.

(4%) patients, i.e. patients potentially indicated for receiving ATP
therapy.

Factors guiding the choice of implantable
cardioverter-defibrillator type

The main reasons for choosing a T-ICD over an S-ICD (n=448)
are reported in Figure 2. Among clinical factors, the current or ex-
pected need for pacing was reported in 203 (45%) patients. Of
these, only 28 had conditions for a Class | recommendation for
permanent pacing on implantation. In 163 (36%) patients, a T-ICD
was preferred owing to the potential need for ATP therapy.

Of these, only nine had a history of MVT with syncope. The pos-
sible development of CRT indications during follow-up, to be
managed in future by device upgrade, was reported as the reason
for preferring a T-ICD in 117 (26%) patients. In this group, only
seven patients had a left bundle branch block, and 25 patients had
a QRS duration >120 ms.

The cost of the system was reported as the reason for preferring a
T-ICD in 172 (38%) patients.

The drivers for S-ICD implantation (n=#62) are reported in
Figure 3. The most frequent were young age, long life expectancy, and
the possibility of avoiding complications.
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Suitability of S-ICD: Why? (n=62)

44 (71%) 43 (69%)

39 (63%)

6 (10%) 6(5%)
= -
Young age Long life Pr ion of Pr ionof  Specific detection Cosmetic Patient preference
expectancy complications of infectious algorithm appearance
transvenous lead  complications ina
high risk patient
(e.g. diabetes, renal
insufficiency)

Figure 3 Factors for preferring an S-ICD over a transvenous ICD (n = 62). Multiple factors were reported per patient.

Discussion

The results of this survey demonstrate that, in current Italian clinical
practice, the typical profile of an S-ICD recipient is different from that
of the overall T-ICD population, in that an S-ICD seems to be pre-
ferred in young patients with channelopathies, mainly in the context
of secondary SCD prevention. We also found that a high proportion
of patients necessitating therapy for the prevention of SCD might be
suitable candidates for S-ICD implantation. Actually, the most com-
mon reasons for preferringa T-ICD over an S-ICD are not supported
by specific conditions, such as the need for permanent pacing or ATP
therapy.

As the body of evidence on the safety and efficacy of S-ICD con-
tinues to grow,*” a Class lla recommendation for S-ICD has been
added to the most recent ESC Guidelines for patients with VAs.
However, as the S-ICD does not provide pacing, it is not ideally suit-
able for patients who need pacing therapy for bradycardia support,
CRT, or ATP therapy.

This nation-wide survey analysed the practice of ICD implantation
in a large number of centres. The participating centres constituted a
representative sample (about 40%) of the Italian ICD centres belong-
ing to the fourth quartile of the ICD volume distribution (>50 ICDs
per year), according to the Italian ICD Registry of AIAC.” Similarly,
the devices in analysis constituted a sample of about 40% of all ICD
implantation procedures performed in Italy during the observation
period.

The preliminary studies on the therapy with S-ICD mostly included
patients that were considered more suitable, e.g. patients with diffi-
cult venous access, young patients facing a lifetime of device therapy,
or those at particular risk of bacteraemia. Similarly to our S-ICD
population, the mean age at implantation in the pooled analysis of
two large prospective studies [IDE (S-ICD System IDE Clinical
Investigation) and EFFORTLESS (Post-Market S-ICD Registry)]® was
as low as 50 years. Interestingly, compared with published studies we

observed an even higher proportion of secondary prevention indica-
tions (52% vs. 30%) and a higher mean value of ejection fraction (49%
vs. 39%). This demonstrates that the patients currently receiving S-
ICD in Italian clinical practice represent a very selected group out of
the general population currently indicated for ICD and thus poten-
tially suitable for S-ICD, according to the most recent guidelines.”

In order to quantify the actual need for permanent pacing in the
study population, we prospectively looked for the prevalence of con-
ditions for a Class | recommendation for pacing on implantation; we
found a proportion of 7%, whereas criteria for a weaker recommen-
dation were met by an additional 3% of patients. Considering the pos-
sibility of developing the need for pacing after implantation, de Bie
et al'® performed a single-centre retrospective study on patients
without a pre-existing indication for pacing. Among predictors of the
unsuitability for an S-ICD, they found a prolonged QRS duration,
which was present in 12% of patients in our population. Similarly, in a
post hoc analysis of the MADIT-II study,"” it was shown that the need
for pacing or CRT was very low (<2% per year), during follow-up in
patients with an ICD indication, and even lower in those with normal
PR interval (PR >200 ms was present in 12% of patients in our sur-
vey). Nonetheless, the relationship between right ventricular pacing
and adverse outcomes in patients with ICD was previously shown,"?
thus providing the rationale for implementing strategies and pacing
modalities that minimize ventricular pacing.13 Similarly, it has been
suggested to reduce atrial pacing, as an increasing risk relationship
was shown between its cumulative percentage and the severity of
atrioventricular decoupling in ICD |3a‘cients.14

In this study, the proportion of patients with a CRT indication was
39% of all consecutive patients undergoing de novo ICD implantations.
However, the possible development of CRT indications after im-
plantation, i.e. need for device upgrade to a CRT-D system, was pre-
viously shown to be very rare (0.3% at 1-year follow-up, and <6% of
the cases of S-ICD unsuitability) and not associated with additional
risks.'® Nonetheless, the best strategy for ICD candidates considered
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at risk of the future development of CRT-D indications is still unclear,
mainly in the light of the well-known complications associated with
transvenous device replacement and upgrade.”” Indeed, de novo
CRT-D implantation after removal of an S-ICD could be safer than
upgrading a single- or dual-chamber T-ICD to a CRT-D system.

The need for ATP therapy constitutes an additional potential bar-
rier to the adoption of S-ICD. However, the role of ATP therapy has
recently been questioned. ATP utilization has increased significantly
in the last decade without notable effects on shock incidence and sur-
vival"® In the delayed-therapy arm of the Multicenter Automatic
Defibrillator Implantation Trial—Reduce Inappropriate Therapy
(MADIT-RIT), a primary prevention trial, the 1-year incidence of pac-
ing therapies was only 4%, with low rates of appropriate shocks and
unnecessary ATP therapies."” Similarly, the PainFree SST secondary
prevention trial"® showed recently a 1-year rate of ATP therapies
equal to 5.4%, adopting a prolonged detection programming strategy.
Current guidelines provide recommendations for customized ATP
programming in cases of previous MVT." In our study, the preva-
lence of unstable MVT was 4%. This kind of patient is suitable for dif-
ferent approaches: early implantation of a T-ICD, a hybrid approach
by combining S-ICD implantation and catheter ablation,”® or even S-
ICD followed by possible additional implantation of the upcoming
leadless system capable of delivering ATP therapy.”" Additional inves-
tigations are warranted in order to compare strategies and measure
outcomes.

Overall, our results on S-ICD suitability seem to be in agreement
with preliminary S-ICD experiences. In a recent analysis of 882 pa-
tients who received an S-ICD, extraction of the S-ICD because of the
need for pacing occurred in four patients (0.4%) over 22 months.®
Specifically, one patient developed a new bradycardia indication, one
device was extracted in order to upgrade to a CRT, one patient
needed ATP, and one patient with arrhythmic storms underwent re-
placement with a T-ICD in an attempt to suppress arrhythmias by
means of overdrive pacing.

Among factors for preferring a transvenous ICD over an S-ICD,
the need for dual-chamber detection algorithms was reported in 6%
of patients, suggesting that this may not be a relevant concern.
Plausibly, this can be explained by the inconclusive literature on the
superiority of dual-chamber ICD in reducing inappropriate shocks.
However, it should be considered that in our population a dual-
chamber ICD was adopted in 43% of patients, in the majority of cases
in the absence of an indication for pacing. This is an additional finding
confirming that patient characteristics play a small role in the decision
to place a specific ICD type.

In addition to clinical considerations, in this survey the cost of the
system proved to be an additional barrier to the adoption of S-ICD in
current clinical practice. However, this may be specific to the Italian
situation and not applicable to other healthcare systems.

In summary, our results seem to suggest that a treatment gap
exists between the guidelines and the clinical care of patients.
Ongoing studies on the S-ICD will serve to confirm the efficacy of
the therapy?* and to build confidence in its usefulness. The addition
of S-ICD to the tools for treating patients at risk of SCD has been a
significant advance. The application of strategies to facilitate the im-
plementation of guidelines (e.g. clinical decision support and re-
minder systems) could enhance the use of a novel recommended
therapy, such as the S-ICD, thereby improving outcomes.

Limitations

Our findings might be affected by a bias, in that the participation
in present survey was limited to centres with experience in S-ICD
implantation. In particular, data about the therapy adoption and the
factors guiding the choice of device could have been different if a
larger sample of implanting centres was considered. Moreover, our
results may not be applicable to other populations with different
underlying demographics or to other healthcare systems. In addition,
although the importance of consecutive inclusion was emphasized re-
peatedly to all participants, we cannot confirm that all patients were
included consecutively. Similarly, the accuracy of the data was not
audited. In addition, it should be mentioned that some patients suit-
able for S-ICD according to the absence of a pacing indication or pre-
vious MVT may be ineligible according to the manufacturer’s surface
ECG screening template. A previous study that explored this issue
found a proportion of 15% of patients who did not satisfy ECG

criteria.??

Conclusions

The present nation-wide survey revealed that an S-ICD was im-
planted in 12% of patients with no CRT indication, and was adopted
preferentially for secondary prevention of SCD in young patients
with channelopathies. Moreover, although the most common rea-
sons for preferring a T-ICD over an S-ICD were the need for per-
manent pacing or ATP therapy, at the time of ICD implantation, only
7% of patients fulfilled conditions for Class | recommendation for
permanent pacing. An additional 4% of patients presented with a his-
tory of unstable MVT that might have been treatable with ATP. The
vast majority of patients needing therapy for SCD prevention might
therefore be suitable candidates for S-ICD implantation.
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