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Abstract
AIM
To describe the long-term follow-up of patients with 
complex congenital heart disease who underwent sub
cutaneous implantable cardiac defibrillator (S-ICD), 
focusing on local complications, appropriate and inappro
priate shocks.

METHODS
Patients with complex congenital heart disease under
went S-ICD implant in two centers with the conventional 
technique. Data at follow-up were retrieved from clinical 
notes and institutional database. 

RESULTS
Eight patients were implanted in two centres between 
2010 and 2016. Median age at implant was 37.5 years 
(range 13-57). All patients who were deemed suitable 
for S-ICD implant passed the pre-procedural screening. 
Three patients were previously implanted with a anti-
bradycardia device, one of whom with CRT. In one patient 
the device was explanted due to local infection. During 
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the total median follow-up of 874 d, one patient had 
an appropriate and one inappropriate shock triggered 
by fast atrial tachycardia. None of the patients had 
inappropriate shocks secondary to T wave oversensing 
or electrical interference with anti- bradycardia devices.

CONCLUSION
S-ICD appears to be effective and safe in patients with 
complex congenital heart disease.

Key words: Subcutaneous defibrillator; Congenital heart 
disease; Outcomes

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Implantation of subcutaneous implantable 
cardiac defibrillator in patients with complex congenital 
heart disease appears to be effective and reliable at 
long term follow-up. The high proportion of grossly 
abnormal baseline electrocardiogram and the significant 
incidence of atrial arrhythmias does not seem to affect 
the rate of inappropriate shocks.

Ferrero P, Ali H, Barman P, Foresti S, Lupo P, D’Elia E, Cappato 
R, Stuart AG. Entirely subcutaneous defibrillator and complex 
congenital heart disease: Data on long-term clinical follow-up. 
World J Cardiol 2017; 9(6): 547-552  Available from: URL: 
http://www.wjgnet.com/1949-8462/full/v9/i6/547.htm  DOI: http://
dx.doi.org/10.4330/wjc.v9.i6.547

INTRODUCTION
Arrhythmic complications are common in patients with 
congenital heart disease (CHD) requiring implantation 
of an anti-tachycardic device[1]. Traditional endocardial 
approach can be particularly challenging in these patients 
due to limited vascular access, intracardiac shunts or 
abnormal cardiac chambers[2]. Furthermore the trans 
venous implantable cardiac defibrillator (ICD) implant 
carries a risk of long term lead related complication, 
which have been reported in up to 20% of cases at 10 
years[3]. This figure is thought to be even higher in the 
pediatric and CHD population. Most of the long-term 
event in this clinical setting are lead related[4]. Alternative 
implant techniques have been devised in this population, 
including surgical epicardial or subcutaneous coils implant. 
Unfortunately, these non trans-venous approaches are 
associated with a higher procedural risk and have a 
significant failure rate during follow-up[5]. The entirely 
subcutaneous ICD (S-ICD) proved to be effective and safe 
in patients fulfilling both primary and secondary prevention 
indication[6]. This technology is particular appealing for 
CHD subjects, as it does not involve the implantation 
of lead within the cardiac chambers. Data about the 
performance of S-ICD in this subset of patients are still 
scant, particularly as far as the long-term outcomes are 
concerned. A major theoretical concern of the S-ICD in 

this population is related to the presence of significant 
ventricular hypertrophy causing profound anomalies 
of both depolarization and repolarization phase on the 
surface electrocardiogram (ECG) and the high incidence 
of atrial tachycardia[7]. In theory, both these issues could 
lead to an inappropriate shock in the long-term follow-
up. Furthermore, a significant proportion of patient with 
CHD develop atrial-ventricular conduction impairment 
either as the result of their specific congenital lesion 
or after cardiac surgery requiring long term pacing. A 
recent sub analysis from a pooled analysis of the IDE 
and EFFORTLESS registry showed the safety of S-ICD in 
patients with CHD[8]. However, during the median follow-
up of 567 d none of the patients had any appropriate 
shocks, consequently no observations about the efficacy 
of this technology could be performed[9]. 

In this article, we report medium and long term follow-
up in eight patients with complex CHD implanted with a 
S-ICD, reflecting the experience of two adult CHD referral 
centres. The details of previous surgical history, the occur
rence of either appropriate or inappropriate shocks, local 
complications, and interference with previously implanted 
anti-bradycardia and CRT devices are described. 

MATERIALS AND METHODS
Patients with CHD were implanted with a S-ICD in two 
centres between 2010 and 2016. All patients underwent 
pre-implant eligibility screening. Suitability for S-ICD im
plantation was pre-assessed by a standardized protocol 
recommended by the manufacture, as previously pub
lished. This included assessment of the QRS and T wave 
amplitude ratio in at least two different postures (supine 
and standing), and during exercise on a treadmill[10]. 
Implant was performed under general anaesthesia with 
the conventional technique. Briefly, the device and lead 
positioning was guided by standard chest anatomical 
landmarks and fluoroscopy to ensure proper vector 
configuration across the cardiac silhouette. All devices but 
one were programmed from the beginning with a shock 
conditional zone (180-240 beats per minute, bpm) and a 
shock only zone above 240 bpm. All patients underwent 
defibrillation testing by induction of ventricular fibrillation 
using 50 Hz current to assess accurate detection and 
effective termination of the arrhythmia. Clinical and 
surgical details were retrieved from institutional databases. 
All patients implanted underwent regular follow-up at 1 
and 6 mo thereafter. Data about patient clinical status, 
occurrence of local complication, arrhythmic burden, in
appropriate and appropriate shocks were recorded.

RESULTS
Pre implant clinical details
Eight patients were implanted with a S-ICD device between 
2010 and 2016 in two centres. Median age at implant 
was 37.5 years (range 13-57). Seven patients had a 
secondary prevention indication while one patient was 
implanted after one episode of syncope and documented 
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not-sustained ventricular tachycardia. The anatomical 
diagnoses were: Tetralogy of Fallot, repaired ventricular 
septal defect with subaortic obstruction, transposition of 
the great arteries that underwent Mustard repair, double 
inlet left ventricle with Eisenmenger physiology, atrial 
septal defect associated with cardiomyopathy. Three 
patients (37.5%) had previously undergone endocardial 
pacemaker implantation due to brady-tachyarrhythmic 
syndrome in two cases, and a CRT device in the other one 
(Figures 1A, B and 2). Four patients (50%) had a previous 
history of documented paroxysmal atrial tachyarrhythmia. 
The reasons for S-ICD vs conventional endocardial 
approach were limited or difficult access to the cardiac 
chambers in five patient, high infective risk in two patients 
and presence of right to left shunt in one patient (Table 1). 
In all patients, the option of conventional ICD was offered 
and discussed as part of the preoperative consent process. 

Pre implant ECG and screening details
Pre implant ECG showed right bundle branch block in 
3 patients (37.5 %), non specific interventricular con
duction delay in two patients (28%), narrow QRS with 
left ventricular (LV) hypertrophy in one patient (12.5%), 
and paced QRS in two patients. Overall the QRS duration 
ranged from 110 ms to 180 ms (Table 1). All patients 
clinically deemed as good candidate for S-ICD passed the 
pre-implant screening (100% success rate). We did not 

observe any difference in the QRS/T ratio between the 
left and right position of the electrodes. 

Operative issues
Median procedural time was 65 min (range 58-90 min). 
The use of fluoroscopy was limited to check the proper 
position of the device and coil relative to the cardiac 
silhouette. In the patient with an epicardial pacing 
system, the coil was tunnelled in the usual way without 
creating any mechanical interference with the previously 
implanted pacing lead (Figure 2). In one patient with 
a systemic right ventricle following Mustard operation 
the defibrillation test was effective only at 80 J despite 
repositioning of the pulse generator. None of the patients 
had significant bleeding during the procedure.

Follow-up and outcomes
Median follow-up was 812 d (range 90-1890). In four 
patients (50%) a follow-up longer than three years was 
available. Figure 3 depicts a summary of the events 
occurred in each individual patient according to the 
background anatomy. During follow-up, one patient 
underwent device extraction due to local infection 
secondary to hematoma eight months after the implant. 
This patient did not develop any signs of systemic 
infection and underwent subsequent surgical epicardial 
implantation. Three patients had multiple episodes of 

Anatomical diagnosis Sex Age at im-
plant (yr) 

Pre implant ECG Indication Reason for SICD Prev implant F.U (d)

TOF F 47 RBBB + RVH VT Tricuspid mech valve No   360
VSD subaortic obstr. M 52 LVH Out hospital card arrest Previous endocarditis No   334
TGA, Mustard M 36 RBBB + RVH VF SVC baffle stenosis Yes   486
DILV TGA Eisemenger M 57 IVCD (aspecific) Sustained VT Right to left shunt No 1139
ASD DCM M 39 Paced LV endo Syncope sustained VT Previous leads implanted Yes 1827
TGA, Mustard M 24 Paced sub pulm vent. Syncope NOT Sustained VT SVC baffle occlusion No 1890
HLVS Fontan M 13 IVCD + RVH Sustained VT Extracardiac Fontan No 1499
TGA VSD M 23 RBBB + RVH Sustained VT TV repair Yes     90

Table 1  Pre implant clinical and anatomical characteristics

TOF: Tetralogy of Fallot; VSD: Ventricular septal defect; TGA: Transposition of great arteries; DILV: Double inlet left ventricle; ASD: Atrial septal defect; 
HLVS: Hypoplastic left ventricle syndrome; ECG: Electrocardiogram; RBBB: Right bundle branch block; RVH: Right ventricular hypertrophy; LVH: 
Left ventricular hypertrophy; IVCD: Inferior vena cava diameter; VF: Ventricular fibrillatio; LV: Left ventricular; DCM: Dilatative cardiomyopathy; VT: 
Ventricular tachycardia; SICD: Subcutaneous implantable cardiac defibrillator; SVC: Superior vena cava; TV: Tricuspid Valve.

A B C

Figure 1  A new transeptal endocardial lead was implanted in the left ventricle and the atrial septal defect was thereafter successfully closed with an occlude 
device. A: Subcutaneous implantable cardiac defibrillator and endocardial pacing system in a patient post Mustard operation; B: Patient with ASD and dilatative DCM who 
previously underwent left ventricle lead implant; C: Patient with Eisenmenger syndrome. ASD: Atrial septal defect; DCM: Dilatative cardiomyopathy.

Ferrero P et al . S-ICD in congenital heart disease
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documented sustained atrial tachycardia (four clinically 
relevant episodes requiring admission and arrhythmia 
termination), triggering an inappropriate shock in one 
patient 18 mo after the implant (inappropriate discharge 
overall rate 12.5%). These patients had a history of atrial 
tachycardia before the implant. The same patient had 
an effective, appropriate shock due to fast ventricular 
tachycardia that occurred after eight months (appropriate 
discharge overall rate 12.5%). None of the patients had 
inappropriate shocks related to over-sensing. One patient 
underwent uncomplicated pulse generator replacement 
owing to battery depletion. One patient with large atrial 
septal defect associated with cardiomyopathy developed 
progressive LV dysfunction and underwent upgrading 
to biventricular stimulation. The trans-coronary sinus 
left LV lead was then switched off as it was causing 
diaphragmatic capture in the bipolar configuration and 
interference with the S-ICD in the unipolar one. A new 
transeptal endocardial lead was implanted in the left 
ventricle and the atrial septal defect was thereafter 
successfully closed with an occlude device (Figure 1). In 
the remaining two patients with conventional endocardial 
pacing system we did not observe any electrical inter
ference during follow-up. 

DISCUSSION
Abnormal cardiac rhythm is the most common cause of 
hospital admission in adults with CHD. The absolute risk 
of sudden death and/or ventricular arrhythmias increases 
with prolonged follow-up, particularly in the subset of 
patients with reduced systemic ventricular function and 
evidence of extensive scar within the ventricular mass[11]. 
The risk of sudden death in the adult CHD population 
ranges from 0.1% and 0.5% per year[12,13]. However, 
there is no established guidance for ICD implantation 
in this group of patients apart from those fulfilling a 
secondary prevention indication. It is well recognized 
that ICD implantation in adult CHD might be particularly 
technically challenging due to vascular access issues or 
to the complex anatomy. Furthermore, complications 
at follow-up are significantly higher when compared to 
the general population of ICD recipients. These include 

endocarditis in patient with prosthetic valve or residual 
native valve disease, baffle obstruction in patients who 
underwent atrial switch, and thromboembolism in patient 
with intracardiac shunts. S-ICD represents an attractive 
alternative for this population and may offer an effective 
protection against sudden death in a higher proportion of 
patients with reduced morbidity. 

Screening issues
Effective screening plays a pivotal role in selecting CHD 
subjects for the S-ICD. In congenital heart patients, a 
particular concern is the presence of a large percentage of 
T wave inversion or enlargement throughout the precordial 
leads, secondary to ventricular hypertrophy, right bundle 
branch block, or a paced QRS complex. These features, 
have been reported as a risk factor for ECG screening 
failure in the S-ICD[14,15]. Despite the fact that most of 
our patient had right bundle branch block and two had 
a paced ventricular complex, all passed the preimplant 
screening. Contrary to experience reported previously, all 
patients passed the screening with electrodes positioned 
on the left parasternal edge[16]. This finding should 
be interpreted cautiously owing to the small sample 
size, and might simply reflect the variability in ECG pre
sentation in this population or the highly unpredictable 
vector configuration. 

Long-term outcomes
As expected, a significant proportion of patient (37%) 
had multiple episodes of sustained atrial tachycardia 
that were correctly discriminated by the device. Overall 
two patients had device related complications (an early 
local hematoma and an inappropriate shock). Only one 
patient had one appropriate and one inappropriate shock, 
accounting for a cumulative incidence of inappropriate 
shock over the follow-up of 1.5%. The device settings 
were optimized by activating the conditional shock 
zone. However, this percentage is consistent with the 
one reported in the IDE and EFFORTLESS, confirming 

Before After

Figure 2  Hybrid implant (subcutaneous implantable cardiac defibrillator 
and epicardial pacing). The patient developed severe tricuspid regurgitation 
related to the endocardial lead previously implanted.

Summary of the events

Follow-upPatients

2010     2011     2012     2013      2014     2015     2016

I
GC LF

LF

LF

LF

LF

LF
LF

AS IS

TOF

TGA, Mustard

ASD DCM

HLVS Fontan

DILV/Eisemenger

TGA, Mustard

VSD/Sub Ao Stenosis

TGA/VSD

Figure 3  Summary of the events during follow-up according to different 
anatomic background. TOF: Tetralogy of Fallot; VSD: Ventricular septal 
defect; TGA: Transposition of great arteries; DILV: Double inlet left ventricle; 
ASD: Atrial septal defect; HLVS: Hypoplastic left ventricle syndrome; I: Infection; 
IS: Inappropriate shock; AS: Appropriate shock; GC: Generator change; LF: 
Last follow-up; DCM: Dilatative cardiomyopathy.

Ferrero P et al . S-ICD in congenital heart disease
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the reliability of the S-ICD algorhythm in discriminating 
supraventricular from ventricular tachycardias, even in 
this clinical setting charachterized by a high incidence 
of atrial arrhythmias[17]. One patient had an appropriate 
shock during the entire follow-up (cumulative prevalence 
12.5%). Although consistent with the EFFORTLESS 
registry data, this percentage was lower compared 
with the population of patients with endocardial ICD[18]. 
Interestingly, a significant number of self-terminating 
ventricular tachycardia episodes were detected at follow-
up, underscoring the appropriateness of a deliberate high 
cut-off rate and long time to therapy setting in this subset 
of patient. Furthermore, the low percentage of shocks also 
reflects the overall lower arrhythmic risk in patients with 
CHD as compared with patients with cardiomyopathies or 
ischaemic substrates, as already observed[12]. 

S-ICD in patients requiring anti- bradycardic pacing
A theoretical major limitation in the eligibility of CHD 
patient for S-ICD is the high likelihood of developing 
pacing dependency during follow-up. Data about the effect 
of a previously implanted endocardial pulse generator on 
the long term performance of the S-ICD are limited. In 
the EFFORTLESS registry, 2.8% of patients had a anti-
bradycardic pacemaker implanted. In the CHD popula
tion, the experience of combined implantation of S-ICD 
and pacemaker did not raise concern regarding electrical 
interferences[19]. Although a significant proportion of 
patients had a pacemaker previously implanted, we did 
not reported clinical relevant electrical interferences in 
any patient but one in which the LV lead was temporarly 
programmed in the unipolar configuration. This finding 
suggest the long-term compatibility of the S-ICD with an 
endocardial anti-bradycardic device, provided that pacing 
configuration is bipolar. This safety issue, if consistently 
confirmed, may theoretically extend the indication to 
S-ICD in this particular subset of patients. 

Our data suggest that S-ICD might represent a valid 
option for patient with complex CHD at high risk of 
sudden death. This technology may overcome some of 
the technical constrain and long-term risk related to the 
conventional transvenous ICD, eventually expanding the 
eligibility of this subset of patient for anti-tachycardic 
therapy. 

Limitations
A major limitation of this paper is the low number of 
patients, which reflect the experience of only two centres. 
Furthermore, we do not have a matched group of CHD 
patients who underwent transvenous ICD implant as 
control group. Systematic collection of prospective data is 
needed to support S-ICD as a routine alternative in this 
population.
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