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Abstract
Background Subcutaneous implantable cardioverter defibrillators (S-ICD) are widely accepted therapy in congenital heart disease 
(CHD) patients at risk of life-threatening ventricular arrhythmias or sudden cardiac death (SCD) when pacing is not required.
Occasionally, pacemaker (PM)-dependent CHD patients will subsequently develop an indication for a cardioverter defi-
brillator. The use of S-ICD in complex CHD patients who have had already PM devices implanted implies some specific 
considerations, as the safety for these patients in unknown and recommendations among physicians may vary widely.
Methods We review the data and studied the indications for S-ICD in complex CHD with previous PM and discuss its 
usefulness in clinical practice.
Results From a large cohort of 345 patients enrolled in the S-ICD Monaldi care registry, which encompass all the patients 
implanted in the Monaldi Hospital of Naples, we considered 11 consecutive complex CHD patients (10M/1F aged 40.4 ±18.4 
years) who underwent S-ICD implant after a previous PM implant, from February 2015 to October 2022. Mean follow-up was 25.5 
± 22 months. All the patients showed a good compliance to the device system with no complications (infections or skin erosions).
Conclusions In complex CHD with already implanted PM devices, S-ICD implant appears to be a safe alternative to PM 
upgrading to transvenous ICD system, avoiding abandoned leads or life-threatening lead extraction. However, there are 
important issues with regard to testing and programming that need to be addressed at the time of implantation.

Keywords Subcutaneous implantable cardioverter defibrillator · Pacemaker · Transvenous implantable cardioverter 
defibrillator · Congenital heart disease · Sudden death · Ventricular arrhythmias

1 Introduction

Implantable cardioverter defibrillators (ICD) are widely 
accepted therapy in congenital heart disease (CHD) patients 
at risk of life-threatening ventricular arrhythmias or sudden 
cardiac death (SCD) [1–5]. Occasionally, pacemaker (PM)-
dependent CHD patients will subsequently develop an indi-
cation for an ICD. In such a scenario, common options for 
upgrade include implantation of additional transvenous ICD 
lead with or without extracting the existing pacing lead. Some-
times such an approach may not be possible or desirable due to 

central venous obstruction, various anatomic constraints, tech-
nical difficulties, high-risk procedures, or patient preferences.

The addition of a subcutaneous implantable cardioverter 
defibrillator (S-ICD) to an existing transvenous or epicardial 
pacing device may be another option, instead of implantation 
of an ICD lead. Although the S-ICD has been advocated 
to be ideally suited to the adult congenital heart disease 
(ACHD) population [6–12], there is a very limited clini-
cal experience with this technology in PM recipients with 
complex CHD.

2  Methods

This is a study on S-ICD implantation and follow-up 
in complex CHD patients who have had already a PM 
device implanted. Data were collected prospectively in 
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the “Monaldi Care” Registry, and analysed retrospec-
tively. In 2013, we started our own Monaldi Hospital 
registry, named S-ICD Monaldi Care registry which was 
later incorporated into the S-ICD Rhythm Detect Registry 
[13]. We prospectively entered data from all patients who 
underwent S-ICD implantation in our hospital. The S-ICD 
Monaldi Care registry was developed under the agreement 
of different EP teams working in the hospital to perform 
epidemiological analyses and publish their results for the 
population of patients with implanted S-ICD. The registry 
was approved by the local ethics committee, and the study 
protocol conformed to the ethical guidelines of the 1975 
Declaration of Helsinki and its later amendments.

Informed consent was obtained from the patients or 
their guardians, respectively.

2.1  Selection of the patients

All the patients affected by complex CHD, who underwent 
S-ICD implantation between February 2015 and Novem-
ber 2022 and have already had a previous PM device 
implanted, were included in the study, as they were already 
enrolled in the Monaldi Care registry.

A complex CHD was defined as moderate or severe 
CHD complexity according to the latest ESC/ACC Guide-
lines [1, 5].

2.1.1  Inclusion criteria (specific indications for S‑ICD 
implantation)

International guidelines were followed for ICD implanta-
tion [1–5].

The indication for S-ICD was considered for patients 
with complex CHD and previous PM device implanted 
who had no favourable venous access (occluded veins, 
congenital anomalies) or hypothesized venous occlusion 
following further intracavitary lead positioning or history 
of endocarditis or at high infective risk who presented the 
following conditions:

– Survivors of an aborted cardiac arrest, after the exclu-
sion of any reversible causes

– Symptomatic sustained VT after haemodynamic and 
electrophysiological evaluation that excluded any 
reversible causes

– Systemic left ventricular ejection fraction (LVEF) < 
35%, biventricular physiology, symptomatic heart fail-
ure (HF) despite optimal medical treatment and NYHA 
functional class II or III

– Syncope of unknown origin in the presence of either 
advanced ventricular dysfunction or inducible sus-

tained VT or VF on programmed ventricular stimula-
tion (PVS)

– Tetralogy of Fallot (TOF) and multiple risk factors 
for SCD, including left ventricle dysfunction, non-
sustained VT, QRS duration > 180 ms or inducible 
sustained VT on PVS

– Advanced single or systemic right ventricle dysfunc-
tion in the presence of other risk factors such as non-
sustained VT, NYHA functional class II or III or severe 
systemic AV valve regurgitation.

2.1.2  Exclusion criteria:

– All the patients with a simple heart defect (isolated 
defect, defects repaired or unrepaired without any 
haemodynamic impairment) or with a mild CHD com-
plexity according the latest ESC/ACC Guidelines [1, 5]

– An inherited arrhythmia (long QT syndrome, Brugada 
syndrome, catecholaminergic polymorphic ventricular 
tachycardia), cardiomyopathies (dilated, hypertrophic, 
restrictive, non-compaction, arrhythmogenic right ven-
tricular), myocarditis

– Patients with CRT/D indications according the latest 
ESC Guidelines [1]

2.2  S‑ICD screening

All the enrolled patients were already eligible for S-ICD 
suitability as they had at least one surface ECG lead (sens-
ing vector) considered acceptable for all postures tested 
(i.e. supine and standing position) and, if suitable for the 
patient, during exercise test, either during intrinsic QRS, 
either during atrial and/or ventricular pacing. PM devices 
were temporarily programmed to VVI mode with a lower 
rate 10–20 bpm faster than the patient’s intrinsic rhythm. 
Using the Boston Scientific screening templates, a patient 
was classified as a “screen-in” if no portion of the elec-
trocardiogram exceeded the template in both positions 
(supine and upright) at any gain. Only ventricularly paced 
complexes that did not have any fusion with intrinsic 
rhythm were analyzed. Evaluation of QRS morphologies 
and pacing stimuli at both clinical voltage and maximal 
voltage parameters to replicate the possibility of a power-
on-reset phenomenon was performed. The tracings were 
evaluated by at least two reviewers.

2.3  Implantation procedure

All procedures were performed in the electrophysiology/
cardiac pacing laboratory, by a single team composed of 
six electrophysiologists of the ACHD Unit with the support 



Journal of Interventional Cardiac Electrophysiology 

1 3

of the manufacturer’s technicians. Implantations were per-
formed under general anaesthesia or only in the procedures 
performed after 2019, through ultrasound-guided serratus 
anterior plane block [14]. At the onset of the experience, a 
complete subcutaneous approach was performed; thereafter, 
the inter-muscular approach was preferred. Antibiotic proph-
ylaxis was given to all patients. In the 2015 cases, S-ICDs 
(model Emblem A209, Boston Scientific, Natick, NA, USA) 
were implanted via a standard three-incision approach. Sub-
sequently, S-ICDs (models Emblem A219, Boston Scien-
tific, Natick, NA, USA) were implanted applying a three- or 
two-incision technique [15]. During S-ICD lead insertion, 
fluoroscopy was used in those patients with a prior ster-
notomy to ensure positioning away from the nearest sternal 
wire out of concern for noise from sensing chatter.

Acute efficacy of the system was not tested due to low 
ejection fraction, the unstable haemodynamic conditions of 
the enrolled patients and high risk of complications [16]. For 
all the patients, 10 J shocks were delivered synchronously 
in sinus rhythm. An impedance of < 90 Ω was considered 
highly predictive of defibrillation testing (DT) success [17].

All patients received individualized dual-zone program-
ming (conditional therapy zone between 180 and 220 beats/
min and a shock zone of 230–250 beats/min). If feasible, the 
pacing upper rate was programmed at ≤ 50% of the S-ICD 
tachycardia zone to reduce the risk that double counting 
would not cause an inappropriate shock.

2.4  Data collection

The following data were collected:

– Patient demographics
– Preimplant clinical characteristics (congenital diagno-

sis and details regarding surgical repair/palliation and 
existing PM device details; results of the most recent 
catheterization and non-invasive imaging; results of lat-
est PM device test screening, a copy of the preimplant 
12-lead ECG; results of S-ICD eligibility screening in 
sinus rhythm and during atrial and/or ventricular pacing 
both at baseline in supine and standing positions, as well 
as with exercise testing, if suitable for the patient, drug 
therapy, ICD indication, and motivation for use of the 
S-ICD)

– Implant characteristics (implant techniques, results of 
defibrillation testing, initial S-ICD programming, a copy 
of the postprocedural chest x ray, procedural complica-
tions, and postprocedural length of stay)

Acute complications were defined as those occurring 
before discharge from the hospital or within 30 days of 
implant. Therapies were classified as appropriate if delivered 

for VT/VF; otherwise, they were considered inappropriate 
(IAS = inappropriate shock).

2.5  Follow‑up

Patients were regularly followed between February 2015 
and February 2023 at ACHD Unit in accordance with the 
following protocol: patients underwent clinical evalua-
tion, ECG and device interrogation (PM and S-ICD) 1 
month after the S-ICD implant and every 3–4 months 
thereafter. Trans-thoracic echocardiography and Holter 
monitoring were performed every 12 months, unless clini-
cal symptoms, for periodic functional evaluation of the 
disease. The outcomes analysed included patients’ char-
acteristics, long-term complications, all post-operative 
arrhythmias monitored by the devices, any VF episodes, 
time to the first appropriate shock, first inappropriate 
shock and all appropriate and inappropriate shocks dur-
ing follow-up.

2.6  Data analysis

Data are presented as mean ± standard deviation or median 
(interquartile range) for continuous variables as appropriate 
and as frequencies and percentages for dichotomous vari-
ables. The study is descriptive, with no inferential statistics 
performed.

3  Results

All the patient’s data are reported in Tables 1 and 2.

3.1  Baseline patient characteristics

From a large cohort of 345 patients enrolled in the S-ICD 
Monaldi care registry, included in the study were 11 con-
secutive complex CHD patients (10M/1F aged 40.4 ± 18.4 
years, range 13–73 years) who underwent S-ICD implant 
after a previous PM implant, from February 2015 to October 
2022. Mean follow-up was 25.5 ± 22 months. Mean weight 
was 73.9 ± 17.7 kg, height 172.9 ±10.6 cm, body mass 
index 24.9 ±4.9 and body surface area 1.9 ±0.2. Notably, 
all but one (patient no. 9) had a cardiac surgery operation 
early in the life.

Seven had endocardial-lead PM (2 DDD PM, 3 VVI PM, 
2 VDD PM), three had epicardial-lead PM (2 DDD PM, 1 
CRT-P device) and one a leadless PM at the time of SICD 
implant. Between them, 5/11 were chronically paced (> 
40% of the time; 4 endocardial PM and 1 epicardial PM). 
The endocardial lead was positioned along the right ven-
tricle (RV) septum in 2 patients, along the RV apex in two 
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patients, along the sub-pulmonary, morphologically left ven-
tricle, free wall, septum or inferior wall in the other three 
patients.

The epicardial lead was positioned along the free wall in 
one patient with a single ventricle morphology and along 
RV free wall in the other two patients.

In the patient with a leadless PM, the device was posi-
tioned in the RV apex.

Primary prevention was the indication for S-ICD implan-
tation in 9/11 (81.8% of the patients).

3.2  Procedural data

All the patients but two passed the S-ICD eligibility test 
with the electrode in a left parasternal position. In details, 
one patient presented one sensing vector acceptable for all 
postures tested, seven patients showed two sensing vectors 
acceptable, and three patients presented all the three sensing 
vectors. The standard three-incision approach was adopted 
only in the first patient of the series, and the two-incision 
technique was used in the following 10. The generator was 
positioned for all in an inter-muscular pocket in the left lat-
eral thoracic region. As the defibrillation test was not per-
formed, for all the patients, 10-J shocks were delivered syn-
chronously in sinus rhythm. An impedance ranging between 
10 and 55Ω was found in all, and it was considered highly 
predictive of device system integrity and appropriate system 
position. Furthermore, in 10/11 patients (all except patient 
no. 1, already implanted in 2015) in which was available AP/
LL postprocedural chest X- ray, PRAETORIAN scores [18], 
adopted since 2019, documented 30 to 60 points represent-
ing a low risk of conversion failure.

All patients had dual-zone programming. The conditional 
shock zone was programmed between 180 and 220 bpm, and 
the shock zone was programmed for all at 250 bpm.

Nine patients received the “Latitude system” for remote 
automatic, in-home monitoring.

No complications were reported during the procedures.

3.3  Follow‑up

The post-operative course was uneventful, and all the 
patients were discharged between 2 and 3 days after the pro-
cedure. Mean follow-up was 25.5 ± 22 months. No acute 
or late complications (infections or skin erosions) were 
reported. Only one patient (patient no. 5) experienced IAS 
due to double counting due to T wave oversensing; for him, 
the conditional shock zone was reprogrammed from 180 to 
230 bpm; after re-programming, no other IAS occurred.

No patients experienced appropriate shocks during 
follow-up.

Seven patients presented at device interrogation or home-
monitoring evaluation arrhythmias not requiring electrical S-
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therapies (three atrial fibrillation, one atrial tachycardia, 
three non-sustained VT).

One patient underwent heart transplantation (HTX).

4  Discussion

S-ICD has become a widely accepted therapy in CHD 
patients who are deemed high risk for ventricular arrhyth-
mias [6, 8–12]. For those patients who have already a pacing 
device and need an ICD treatment but in whom standard 
transvenous approaches are not feasible or desirable, the 
combination of a PM device and an S-ICD might there-
fore be a useful strategy, alternative to PM upgrading to 
transvenous ICD system, avoiding abandoned leads or life-
threatening lead extraction. Special groups of complex CHD 
patients could particularly benefit of such approach.

The presence of severe tricuspid and/or pulmonary valve 
regurgitation is quite common in complex CHD, especially 
in the patients already implanted with an endocardial PM 
lead. In these high-risk patients, a further abandoned lead 
without extraction could be supposed to progress the valve 

incompetence leading to worse haemodynamic condition 
and further RV volume overload, facilitating ventricular 
arrhythmia occurrence. In these settings, an increase in 
lead-related tricuspid incompetence [19, 20] can be easily 
avoided with a S-ICD implantation. In our series, the pres-
ence of a moderate to severe tricuspid incompetence was 
quite frequent (patients no. 1, no. 2, no. 4 Fig. 1, no. 6, no. 7, 
no. 9, no. 11). This condition gave more reasons for selecting 
the S-ICD device.

In patients with univentricular circulation with an intra-
cardiac shunt due to a huge atrial and/or ventricular septal 
defect (patient no. 5 — Fig. 2), the implantation of fully 
S-ICD devices is absolutely mandatory, so in patients with 
a tricuspid valve prosthesis (patient no. 8) that may develop 
valvular degeneration necessitating a need for a new valve 
in the tricuspid position in due time.

In patients with transposition of the great arteries 
treated by an atrial switch procedure (Mustard or Sen-
ning) (patients no. 3 Fig. 3, no. 10), ICD lead placement 
can be technically difficult, other than sometimes con-
traindicated due to the possibility of pathway obstruc-
tion or baffle damage. Furthermore, in this condition, 

Fig. 1  Postimplant chest x rays 
(AP/LL). Patient no. 4 (29 years 
old/M): Congenital corrected 
transposition of great arter-
ies. Ventricular septal defect. 
Pulmonary stenosis. Situs 
inversus s/p Ventricular septal 
defect closure. Pulmonary valve 
replacement s/p VDD endocar-
dial PM implant

Fig. 2  Postimplant chest x rays 
(AP/LL). Patient no. 5 (43 
years old/M): Double inlet left 
ventricle. Malposition of great 
arteries s/p pulmonary banding 
s/p DDD epicardial PM implant
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the S-ICD promises to offer advantages for potentially 
extraction procedures, when required, for lead fractures or 
infections, as an abandoned malfunctioned lead can even 
increase the risk of intra-cardiac obstruction.

Epicardial options, with necessity of a thoracotomy, 
should be alternatively considered in these cases if vector 
testing fails.

In our series, no complications, infections or skin ero-
sions were observed. The lack of complications, differ-
ently from other studies involving CHD patients [9, 10, 
21, 22], could be related in our series to the smaller size 
of the generator used (Emblem), which has a 20% reduc-
tion in device profile compared to the previous model, 
and the prevalent use of intermuscular approach and two 
incisions technique. Rates of appropriate and inappropri-
ate shocks in S-ICD system are usually similar to those 
occurring with the transvenous ICD. Our experience with 
S-ICD shows a high efficacy. Only one patient (patient 
no. 5 — Fig. 2) showed episodes of inappropriate shocks, 
due to T-wave oversensing, with double-counting, con-
ditions eliminated with improved device programming 
(reprogramming shock zone, changing of the sensing vec-
tor and later activation of the SMART PASS filter). Prob-
ably, the small number of inappropriate shock rates in our 
series, moreover reduced consistently during the follow-
up, is related to better strategic programming over time 
and increased operator experience. Improved detection 
algorithms other than extended use of “latitude system” 
for remote monitoring and adequate antiarrhythmic ther-
apy can reduce unwanted inappropriate shocks. Remote 
monitoring has been already shown to have an important 
role in the timely diagnosis of atrial tachyarrhythmias, 
device-related complications and inappropriate therapies. 
If these events are detected earlier, appropriate measures 
could be undertaken to reduce the number of shocks and 
increase the longevity of the battery.

4.1  Suitability of S‑ICD implant in patients already 
with a permanent PM device

Overall experience with simultaneous use of the S-ICD 
and a permanent pacemaker prior to device implantation is 
limited [23–32] and mostly referred to single-case reports.

S-ICD implantation in the setting of unipolar pacing 
has been relatively contraindicated. The primary concern 
is due to the indwelling pacemaker under-sensing ven-
tricular fibrillation and providing inappropriate pacing. 
Artifact from unipolar pacing could interfere with appro-
priate detection of ventricular arrhythmias by the S-ICD 
and hence withhold vital intervention [26].

Exclusion criteria for the FDA mandated US Investiga-
tional Device Exemption (IDE) Registry and the Evalu-
ation oF FactORs ImpacTing CLinical Outcome and 
Cost EffectiveneSS of the S-ICD (EFFORTLESS S-ICD) 
registry included patients with unipolar pacemakers, or 
implanted devices that revert to unipolar pacing, based on 
concerns of potential ventricular oversensing and inap-
propriate shocks [33, 34].

Reversion to a unipolar pacing mode is an inherent risk 
during a power-on-reset phenomenon, a rare occurrence 
seen most commonly in older devices. While unipolar pac-
ing coupled with an S-ICD may be safe in some circum-
stances, the risk of the S-ICD undersensing true VF due to 
inappropriate pacing or providing an inappropriate shock 
from double counting remains. In general, pacemakers that 
can enter “safety core” mode after a shock with unipolar 
pacing should be avoided. In our patients, the previous 
implanted pacemaker did not go to unipolar pacing with a 
power-on-reset, and appropriate sensing by the S-ICD was 
confirmed during ventricular pacing with maximal output 
to address these concerns as much as possible. Further-
more, for the patient with a leadless PM (patient no. 11), 

Fig. 3  Postimplant chest x rays 
(AP/LL). Patient no. 3 (41 years 
old/M): Transposition of great 
arteries. Ventricular septal 
defect. Pulmonary outflow 
tract obstruction s/p Senning 
procedure. s/p VVI endocardial 
PM implant
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which implements fixed bipolar pacing, compatibility was 
theoretically guaranteed.

For the patients completely pacemaker-dependent, even 
in the worst scenario of fixed double counting of QRS com-
plexes, conservatively programming the pacemaker at VVI 
60 bpm would have maintained the S-ICD sensed rate abun-
dantly below the therapy window (200 bpm).

Our series provide additional evidences that the S-ICD 
can be used safely with permanent PM devices (with endo-
cardial, epicardial lead or leadless systems).

To minimize risks of cross talk between the two devices, 
as already indicated, it is important that during implantation, 
S-ICD screening of paced and native bizarre morphologies 
should be done to assess best sensing vector and avoid over-
sensing. Moreover, the upper tracking rate limit of the PM 
should be programmed below the S-ICD shock zone rate 
detection, and consideration can be given to programming 
the pacing upper rate to ≤ 50% the conditional shock zone 
rate. With these settings, even if there is double counting of 
the pacing spike, it will still be below the conditional shock 
zone. The sensing vector, which is least likely to have pace-
maker artifact, should be used.

While exercise testing was not performed in all our cases, 
due to the severely impaired clinical condition, it can be an 
additional option that may reduce the risk of inappropriate 
shocks in these particularly cases. Interference between the 
devices should be always evaluated. Pacing spikes could be 
counted independently from the R waves by the S-ICD. Post-
shock pacing from the S-ICD could inhibit pacing from the 
pacemaker and should be turned off.

The non-inferiority of defibrillation testing (DT) omis-
sion at the time of implantation was already demonstrated in 
transvenous ICD [35]. In our series, S-ICD defibrillation test 
was omitted, as it already happens in clinical practice, espe-
cially in very sick patients with worse systolic function [16].

No dysfunction of the pacemaker devices after delivery of 
S-ICD shocks was found in our series, neither for endocar-
dial or for epicardial leads (that are quite common in CHD 
patients due to impossibility to perform an endocardial pac-
ing implant or decision during surgical procedures). Moreo-
ver, no misinterpretation of pacing artifacts was perceived 
by the S-ICD. On the other hand, untreated self-limiting VT 
episodes were all correctly detected in our series.

In our series, S-ICD therapy was shown to be techni-
cally feasible in patients with a single-chamber pacemaker as 
well as those who have more complex pulse generators, with 
either endocardial or epicardial leads or leadless devices. 
Furthermore, endocardial or epicardial lead position (sep-
tum, apex, free wall or inferior wall) in RV, LV or single ven-
tricle did not influence S-ICD eligibility or system efficacy.

Conversely, some patients that have an existing S-ICD 
may develop a pacing indication that was not present dur-
ing their initial implant. In such a scenario, it would be 

important to know whether addition of a pacemaker is poten-
tially feasible since ventricular pacing may lead to different 
QRS amplitude.

4.2  Limitations

The main limitations of this study are the small sample size, 
the low event rate, the retrospective design of the analysis 
and the relatively limited follow-up period.

5  Conclusions

To the best of our knowledge, only a very small number 
of cases of S-ICD implantation in patients already paced 
with complex CHD have been reported in the literature. This 
study on S-ICD in complex CHD with previous PM devices 
includes the largest population of patients analysed so far.

Our series, which exhibit several unique and challenging 
elements, demonstrate that S-ICD treatment combined with 
an endocardial, epicardial or leadless pacemaker devices 
might be a safe and effective approach providing pacing and 
S-ICD functions avoiding PM upgrading to transvenous ICD 
system, abandoned leads or life-threatening lead extraction.

S-ICDs could be safely and effectively used in patients 
with pre-existing PM devices, albeit conditional to the 
screening test being positive. Anyway, it is important for 
the evaluation of QRS morphologies and pacing stimuli at 
both clinical voltage and maximal voltage parameters to rep-
licate the possibility of a power-on-reset phenomenon. The 
successful combination of the S-ICD with a PM that has 
either a transvenous PM electrode or an epicardial electrode 
is technically feasible and offers both cardiac stimulation 
and arrhythmia protection even in complex CHD patients.

However, there are important issues with regard to test-
ing and programming that need to be addressed at the time 
of implantation.

The S-ICD is no real option when there is clearly pace-
terminable arrhythmia history, or possibility of resynchroni-
sation via an additional LV epicardial lead (CRT-ICDs), but 
could certainly be of value in primary prophylaxis patients. 
Large prospective comparative trials will be needed to fully 
gauge S-ICD potential compared with classical transvenous 
ICD system in high-risk patients with complex CHD and 
previous PM implant.

Ongoing and future studies will help guide our decisions.
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