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Aims The implantable cardioverter defibrillator (ICD) has been increasingly used in children. Both epicardial and transvenous ap
proaches are used, with controversy regarding the best option with no specific recommendations. We aimed to compare 
outcomes associated with epicardial vs. transvenous ICDs in children.

Methods 
and results

Data were analysed from a retrospective study including all patients <18-year-old implanted with an ICD in a tertiary centre 
from 2003 to 2021. Outcomes were compared between epicardial and transvenous ICDs. A total of 122 children with an 
ICD (mean age 11.5 ± 3.8 years, 57.4% males) were enrolled, with 84 (64.1%) epicardial ICDs and 38 (29.0%) transvenous 
ICDs. Early (<30 days) ICD-related complications were reported in 17 (20.2%) patients with an epicardial ICD vs. 0 (0.0%) 
with a transvenous ICD (P = 0.002). Over a mean follow-up of 4.8 ± 4.0 years, 25 (29.8%) patients with an epicardial ICD and 
9 (23.7%) patients with a transvenous ICD experienced at least one late ICD-related complication [hazard ratio (HR) 1.8, 
95% confidence interval (CI) 0.8–4.0]. Implantable cardioverter defibrillator lead dysfunction occurred in 19 (22.6%) patients 
with an epicardial ICD vs. 3 (7.9%) with a transvenous ICD (HR 5.7, 95% CI 1.3–24.5) and was associated with a higher 
incidence of ICD-related reintervention (HR 3.0, 95% CI 1.3–7.0). After considering potential confounders, especially age 
and weight at implantation, this association was no longer significant (P = 0.112). The freedom from ICD lead dysfunction 
was greater in patients with pleural coils than in those with epicardial coils (HR 0.38, 95% CI 0.15–0.96).

Conclusion In children, after a consideration of patient characteristics at implantation, the burden of complications and ICD lead dys
function appears to be similar in patients with epicardial and transvenous devices. Pleural coils seem to be associated with 
better outcomes than epicardial coils in this population.

Clinical Trial 
Registration

NCT05349162.
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What’s new?

• The higher incidence of implantable cardioverter defibrillator (ICD) 
lead dysfunction with epicardial devices, compared with transvenous 
ICD, is driven by a preferential use in youngest patients.

• Pleural coils seem to be associated with better outcomes than epi
cardial coils in children.
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Introduction
The implantable cardioverter defibrillator (ICD) is highly effective in 
preventing arrhythmic death in high-risk patients and has been increas
ingly used in children with the extension towards primary prevention of 
sudden cardiac death (SCD).1,2 However, the burden of ICD-related 
complications is considerable in this fragile population. Both epicardial 
and transvenous approaches are used,3 but the best option remains 
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controversial, and no specific recommendations are provided in inter
national guidelines.4,5 While a few studies compared epicardial and 
transvenous systems, they included heterogeneous populations that 
also comprised adults, with results difficult to translate into clinical prac
tice for paediatric patients.6–8 Moreover, the proportion of epicardial 
systems was relatively modest, and outcomes associated with the dif
ferent surgical techniques, particularly regarding coil positioning, have 
been poorly studied so far.8–13

In this study, through a large and purely paediatric population of chil
dren implanted with ICDs from a tertiary centre, we aimed to compare 
outcomes associated with epicardial vs. transvenous ICDs in children 
and to assess the impact of the surgical approach in epicardial systems.

Methods
Study population and settings
This observational study included all patients <18-year-old implanted with 
an ICD at Necker Hospital, Paris, France, from January 2003 to January 
2021 (NCT05349162). Patients with subcutaneous-ICD (S-ICD) were 
not considered. Necker Hospital is a national referral centre in paediatric 
cardiology and surgery and includes multidisciplinary teams with cardiolo
gists, interventional cardiologists, surgeons, imaging specialists, anaesthesiol
ogists, and electrophysiologists specifically trained in paediatric cardiology. 
In this tertiary centre, all patients are systematically gathered in phenotype- 
and intervention-based databases since first evaluation to ensure a compre
hensive collection of cases over time.

Study data were centralized, collected, and managed using REDCap elec
tronic data capture tools hosted at the Cardiovascular Epidemiology Unit of 
the Paris Cardiovascular Research Center (Inserm 970, European Georges 
Pompidou Hospital, Paris, France).14 This study complied with the French 
data protection committee (Commission Nationale Informatique et Liberté, 
CNIL, MR-004 no. 2021 0727164137), was approved by the institutional re
view board, and adhered to Helsinki Declaration as revised in 2013. Written 
informed consent was obtained from all patients before ICD implantation.

Collected data
Baseline (at ICD implantation) information included demographic character
istics, medical history including underlying heart disease, family history of SCD, 
and indication for ICD (primary vs. secondary prevention). Secondary preven
tion was defined as ICD implantation after sustained ventricular tachycardia 
(VT), ventricular fibrillation (VF), or aborted cardiac arrest. In patients with 
structural heart disease, imaging data (echocardiography ± cardiac magnetic 
resonance imaging) were also analysed, as well as details on previous cardiac 
surgeries (where appropriate). Patients with a congenital heart disease (CHD) 
were classified according to last AHA/ACC and ESC classifications.15,16

Comprehensive data were also collected regarding the type of device im
planted (single vs. dual chamber, cardiac resynchronization therapy, epicardial).

Surgical techniques
The surgical techniques differed based on the surgeon’s preference and 
whether indication for surgical ICD implantation was isolated or whether 
the patient required an associated open-heart surgery through a midline 
sternotomy, cardiopulmonary bypass, and aortic cross-clamping. A defibril
lation test was performed at the end of implantation in all patients (trans
venous and epicardial devices) to ensure proper sensing and defibrillation 
capacities of the system, but the defibrillation threshold was not systemat
ically measured.

Implantable cardioverter defibrillator 
implantation with a pleural coil
By using a subxiphoid incision or partial inferior sternotomy, a sutured-on 
lead was implanted on the right atrium and either a sutured-on or 
screwed-in lead was implanted on the apex of the left ventricle. A second 
incision was then performed in the first left intercostal space in order to in
sert a tunnelled coil behind the ribs right above the pleura. The ICD was 
then inserted in a retromuscular abdominal pocket.

Implantable cardioverter defibrillator 
implantation with an epicardial coil
This approach was mainly used after an open-heart surgery when the aortic 
clamp has been removed. A sutured-on lead was implanted on the right at
rium and a sutured-on or screwed-in lead was fixed on the apex of the left 
ventricle. An epicardial coil was then sutured all along the right ventricular 
anterior wall with utmost caution so that the coronary arteries and the epi
cardial areas are protected from potential postoperative fibrosis and scar
ring due to heterologous or synthetic material implantation (mainly for 
infundibular patch enlargement in modified Konno procedures in severe 
obstructive hypertrophic cardiomyopathy). Depending on the age and 
size of the patient, the indication, the surgical procedure performed previ
ously, and the surgeon’s preferences, the ICD was inserted in a diaphrag
matic pocket below the heart (with only one coil implantation) or in an 
abdominal retromuscular pocket with a second coil implantation on the 
right ventricle inferior wall (n = 5 patients) (Figure 1).

Outcomes
During follow-up, all ICD-related complications and reinterventions were 
recorded. Implantable cardioverter defibrillator complications were divided 
into early (<30 days after implantation) and late (>30 days) complications 
and included pocket haematoma, pneumothorax, pericardial effusion, device 
infection, lead dysfunction, and inappropriate ICD shocks. Appropriate ICD 
therapies (ICD shock or anti-tachycardia pacing) were also collected. 
Implantable cardioverter defibrillator programming was left to the discre
tion of the managing physician. Other outcomes included heart transplant
ation and vital status with cause of death (where appropriate).

Statistical analysis
This report was prepared in compliance with the STROBE checklist for obser
vational studies.17 Categorical data were reported as numbers and percen
tages. Continuous data were reported as mean ± standard deviation or 
median and interquartile range (IQR) for normally and non-normally distribu
ted data, respectively. Comparisons used the χ2 or Fisher’s exact test for cat
egorical variables and Student’s t-test or Mann–Whitney–Wilcoxon test, when 
appropriate, for continuous variables. The primary time to event endpoint was 
the time from ICD implantation to first ICD-related complication or reinter
vention. Censoring occurred in the event of loss to follow-up, heart transplant
ation, death, or switch of ICD system type. Univariate and multivariate Cox 
proportional hazard models were used to identify factors associated with 
ICD-related complications and to compare outcomes of transvenous vs. epi
cardial ICDs. Proportional hazards assumptions were checked for all variables 
(Schoenfeld residuals) and non-linearity for continuous variable (Martingale re
siduals) with the use of appropriate functional forms. Survival curves were 
plotted by the Kaplan–Meier method. A two-tailed P-value of <0.05 was con
sidered statistically significant. All data were analysed using the R software, ver
sion 3.6.3 (R Project for Statistical Computing, Vienna, Austria).

Results
Population
Among a total of 131 children <18 years with an ICD, after exclusion of 
9 patients implanted with an S-ICD, 122 patients [mean age 11.5 ± 3.8 
years, 70 (57.4%) males] were analysed. The number of patients among 
different age and weight ranges is displayed in Figure 2. Epicardial ICDs 
accounted for almost all implantations before the age of 8 or under 
25 kg, and the proportion of transvenous ICDs remained very low be
fore the age of 14. After the age of 14, epicardial and transvenous de
vices accounted for approximately half of the implantations. The main 
underlying heart diseases were cardiomyopathies in 74 (56.5%) pa
tients, cardiac channelopathies in 40 (30.5%), and CHDs in 4 (3.1%). 
The detail of heart diseases according to the type of ICD implanted 
is provided in Figure 3. The distribution of the different underlying heart 
diseases was comparable in both groups. Patients were implanted for 
primary prevention in 65 (53.3%) and for secondary prevention in 57 
(46.7%). Cardiomyopathies were the main underlying heart disease in 
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primary prevention (n = 52, 78%), whereas channelopathies were the 
main indication in secondary prevention (n = 30, 46%).

Type of implantable cardioverter 
defibrillators implanted
Overall, 84 (64.1%) patients had an epicardial ICD and 38 (29.0%) a 
transvenous ICD. The main characteristics of patients at implantation 
according to the type of device implanted are summarized in 
Table 1. Compared with patients with transvenous ICD, those 
with epicardial ICD were younger (13.3 ± 3.1 vs. 10.8 ± 2.9 years, 
P < 0.001) with a lower mean weight (45.5 ± 13.7 vs. 37.7 ± 
16.5 kg, P = 0.016), they were more frequently implanted for sec
ondary prevention (28.9 vs. 64.3%, P = 0.001), and they had a high
er median (IQR) left ventricular ejection fraction [60 (45–60) vs. 
60 (60–68) %, P = 0.001]. The proportion of single-chamber de
vices was also lower (73.3 vs. 14.3%, P < 0.001) in patients with 
epicardial ICD.

Among patients implanted with an epicardial ICD, the coil was in
serted in the pleural position in 41 of them (51.3%) and in epicardial 
position in 40 (49.4%) (location unknown in 3). Epicardial coil position
ing included the anterior wall of the right ventricle (n = 34), the pulmon
ary artery trunk (n = 4), and the pericardial space (n = 2). Screwed-in 
ventricular sensing/pacing leads were used in 38 (47.5%) patients, 
whereas sutured-on leads were used in 42 (52.5%) (lead type unknown 
in 4). The ICD pocket was between the heart and the diaphragm in 68 
patients (84.0%) and abdominal in 13 (18.8%) (unknown in 3).

Implantable cardioverter 
defibrillator-related complications
Early (<30 days) ICD-related complications were reported in 17 
(20.2%) patients with an epicardial ICD vs. 0 (0.0%) patient with a trans
venous ICD (P = 0.002). The main early complications were pleural 

effusions (n = 6), pneumothorax (n = 4), pericardial effusion or tam
ponade (n = 3), early coil dysfunction (n = 1), endocarditis (ICD pocket 
infection resulting in bacteraemia and endocarditis, n = 1), pneumonia 
(n = 1), and death (n = 1). Among those 17 patients with an early com
plication, 5 (29.4%) had an ICD implantation during a modified Konno 
surgery for obstructive hypertrophic cardiomyopathy. When patients 
with concomitant cardiac surgery (n = 22) were not considered, an 
early ICD-related complication was reported in 12 (19.4%) patients. 
Two early deaths were reported: one cardiac arrest the day after 
ICD implantation related to a slow VT that degenerated to asystole 
in a patient with severe restrictive cardiomyopathy (considered as 
ICD-related complication) and one postoperative cardiogenic shock 
with multiple organ failure was reported after a modified Konno 
surgery.

Over a mean follow-up of 4.8 ± 4.0 years (4.5 ± 3.5 years in patients 
with an epicardial ICD vs. 5.5 ± 5.0 years in patients with a transvenous 
ICD, P = 0.259), 25 (29.8%) patients with an epicardial ICD and 9 
(23.7%) patients with a transvenous ICD experienced at least one 
late ICD-related complication [HR 1.8, 95% confidence interval (CI) 
0.8–4.0, P = 0.153, Figure 4]. The detail of these late complications is 
presented in Table 2. An ICD lead dysfunction occurred in 19 
(22.6%) patients with an epicardial ICD vs. 3 (7.9%) patients with a 
transvenous ICD (HR 5.7, 95% CI 1.3–24.5, P = 0.021) and was asso
ciated with a higher incidence of ICD-related reintervention (HR 3.0, 
95% CI 1.3–7.0, P = 0.011). The corresponding 5-year survival rates 
without ICD lead dysfunction were 76.8 vs. 100.0% in patients with epi
cardial ICD vs. transvenous ICD. The 5-year survival rates without re
intervention were 78.7 vs. 82.4%, respectively. Among patients with an 
epicardial ICD, the freedom from ICD lead dysfunction was greater in 
patients with pleural coils than in those with epicardial coils [7 (17.1%) 
vs. 12 (30.8%) dysfunctions, HR 0.38, 95% CI 0.15–0.96, P = 0.041, 
Figure 5].

Age (HR 0.84 per year increment, 95% CI 0.75–0.95, P = 0.004) 
and weight (HR 0.96 per kg increment, 95% CI 0.93–0.99, 

Figure 1 Examples of epicardial ICDs. Epicardial ICDs with a defibrillation coil inserted in the pleural position (A) and in the epicardial position on the 
anterior wall of the right ventricle (B). ICD, implantable cardioverter defibrillator.
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P = 0.042) at ICD implantation were the only factors associated with 
the risk of ICD lead dysfunction during follow-up. The proportions of 
patients with ICD lead dysfunction were 36.4, 21.7, and 12.3% in pa
tients aged <6, 6–12, and >12 years, respectively. The proportions of 
patients with ICD lead dysfunction were 36.4, 25.5, and 5.9% in those 
weighing <20, 20–40, and >40 kg, respectively. In multivariate ana
lysis, after adjustment of age and weight at implantation, the associ
ation between epicardial ICD and the higher risk of ICD lead 

dysfunction was no longer significant (HR 5.3, 95% CI 0.7–41.7, 
P = 0.112).

Appropriate implantable cardioverter 
defibrillator therapies
Overall, 30 (24.6%) patients had at least one appropriate ICD therapy, 
including 17 (20.2%) with an epicardial ICD and 13 (34.2%) with a 

35

35

30

25

20

15

10

5

0

30

25

20

15

10

5

0
0 2 4 6 8 10

Age at ICD implantation

Number of patients

12 14 16 18

0 10 15 20 25 30
Weight at ICD implantation (kg)

35 40 45 50

Transvenous ICD

Epicardial ICD

Figure 2 Age of patients at ICD implantation. ICD, implantable cardioverter defibrillator.



Epicardial vs. transvenous ICDs in children                                                                                                                                                      965

transvenous ICD (HR 0.65, 95% CI 0.3–1.4, P = 0.262). Considering the 
main underlying heart diseases, 15 (21.7%) patients with a cardiomyop
athy, 10 (27.0%) with a cardiac channelopathies, and 2 (66.7%) with a 
CHD had at least one appropriate ICD therapy. The respective 
5-year incidences of appropriate ICD therapy were 32.7, 26.8, and 
33.3% (P = 0.8). Only three (2.5%) patients had a ventricular arrhythmia 

not successfully treated by their ICD. Among patients with an epicardial 
ICD, one ventricular arrhythmia was undersensed in one patient and one 
non-fatal ICD shock failure for VF was reported in another (VF induced 
during an electrophysiological study). These patients had an ICD system 
revision. Among patients with a transvenous ICD, one shock failure oc
curred in one patient with the need for defibrillation vector change.

Hypertrophic 46
Dilated 3

Histiocytoid 1
Restrictive 1

Hypertrophic 9
ARVD 4
Dilated 2

Non-compaction 2
Restrictive

LQTS 12
Idiopathic VF 7

Brugada 4
CPVT 1

Cardiomyopathies
n = 18 (47%)

Cardiomyopathies
n = 51 (61%)

Channelopathies
n = 24 (29%)

Channelopathies
n = 13 (34%)

LQTS 7
CPVT 3

Idiopathic VF 2
Brugada 1

CHD
n = 1 (1%)

Others
n = 8 (9%)

Others
n = 5 (13%)

CHD
n = 2 (5%)

Epicardial ICD Transvenous ICD

Figure 3 Underlying heart diseases in patients with epicardial and transvenous ICD. ARVD, arrhythmogenic right ventricular dysplasia; CHD, 
congenital heart disease; ICD, implantable cardioverter defibrillator; CPVT, catecholaminergic polymorphic ventricular tachycardia; LQTS, long QT 
syndrome; VF, ventricular fibrillation.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Characteristics of patients at ICD implantation

All patients (N = 122) Transvenous ICD (n = 38) Epicardial ICD (n = 84) P-value

Age at implantation (years), mean ± SD 11.5 ± 3.8 13.3 (3.1) 10.8 (2.9) <0.001

Males, n (%) 70 (57.4) 23 (60.5) 47 (56.0) 0.783

Weight, mean ± SD (kg) 39.8 ± 16.1 45.5 ± 13.7 37.7 ± 16.5 0.016

Height, mean ± SD (cm) 145 ± 22.0 154 ± 17.9 142 ± 22.2 0.019

Primary prevention, n (%) 65 (53.3) 11 (28.9) 54 (64.3) 0.001

Type of ICD implanted, n (%) <0.001

Single chamber 40 (32.8) 28 (73.7) 12 (14.3) –

Dual chamber 79 (64.8) 7 (18.4) 72 (85.7) –

Cardiac resynchronization therapy, n (%) 3 (2.5) 3 (7.9) 0 (0.0) –

Heart disease, n (%) 0.335

Cardiomyopathy 69 (56.6) 18 (47.4) 51 (60.7) –

Channelopathy 37 (30.3) 13 (34.2) 24 (28.6) –

CHD 3 (2.5) 2 (5.3) 1 (1.2) –

Others 13 (10.7) 5 (13.2) 8 (9.5) –

Left ventricular ejection fraction, % (IQR) 60 (60–65) 60 (45–60) 60 (60–68) 0.001

CHD, congenital heart disease; ICD, implantable cardioverter defibrillator; IQR, interquartile range; SD, standard deviation.
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Discussion
In this study, through a large population of children implanted with 
ICDs, we demonstrate that epicardial ICDs are associated with a 

higher burden of early complications and ICD lead dysfunction 
compared with transvenous ICDs, mainly driven by patient-related 
characteristics with preferential epicardial implantation in young
est children. The risk of ICD lead failure appears eventually similar 
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Table 2 Late ICD-related complications

Complications, n (%) Transvenous ICD (n = 38) Epicardial ICD (n = 84) HR (95% CI) P-value

All ICD-related complications 9 (23.7) 25 (29.8) 1.8 (0.8–4.0) 0.153

ICD system dysfunction 3 (7.9) 19 (22.6) 5.7 (1.3–24.5) 0.021

Any lead dysfunction 3 (7.9) 19 (22.6) – –

Atrial lead dysfunction 0 (0.0) 4 (4.8) – –

RV lead dysfunction 2 (5.3) 5 (6.0) – –

Coil dysfunction 1 (2.6) 10 (11.9) – –

Pleural coil – 4/41 (9.8) – –

Epicardial coil – 6/40 (15) – –

Inappropriate ICD shock 3 (7.9) 6 (7.1) 0.9 (0.2–3.8) 0.925

ICD infection 2 (5.3) 0 (0.0) – –

ICD-related pain 1 (2.6) 2 (2.4) 1.0 (0.1–10.9) 0.991

Pericardial effusion 0 (0.0) 1 (1.2) – –

CI, confidence interval; HR, hazard ratio; ICD, implantable cardioverter defibrillator; RV, right ventricle.
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in both groups after consideration of age and weight at implant
ation. Our results also suggest that pleural coils seem to be asso
ciated with better outcomes than epicardial coils in this 
population.

To assess ICDs in children is of particular importance as the use of 
ICD has significantly increased in paediatric patients in recent years. 
In the Kid’s database, a four-fold increase in the number of ICD im
plantations was observed from 1997 to 2006, whereas the number 
of pacemaker implantations remained stable over this same period 
of time.18 While ICD was initially mainly used for SCD secondary pre
vention in first reported experiences,19 a progressive extension to
wards primary prevention of SCD underlies this evolution, with 
approximatively half of patients now implanted in a primary preven
tion setting.6 Epicardial and transvenous approaches are used, but 
techniques are centre-dependent and no specific recommendations 
are provided in international guidelines.4,5 Hence, it is essential to 
compare outcomes associated with different techniques in this pa
tient population.

In this cohort, we observed a higher rate of early ICD-related com
plications in patients with epicardial ICD, particularly in patients with 
concomitant cardiac surgery (mainly modified Konno surgery). The ab
sence of early complications in those with transvenous ICD was likely 
favoured by the local preference for the use of epicardial devices for 
smallest but also for older children, compared with some other expert 
centres. The burden of overall long-term complications was compar
able between epicardial and transvenous ICDs, but the unadjusted in
cidences of ICD lead dysfunction and ICD-related reintervention 
were higher with epicardial devices. While different small series re
ported outcomes associated with epicardial ICDs,9,10 only a few studies 
directly compared transvenous and epicardial ICD systems.6–8 Radbill 
et al. compared 39 patients with epicardial ICD with 78 patients with 
transvenous ICD and demonstrated that the risk of system failure 
was higher in the epicardial group (HR 2.9) than in the other group. 
The proportion of patients with lead failure was also found to be higher 
among extracardiac ICD systems in another study (29 vs. 7%, 
P = 0.001).7 These studies, however, also included adult patients. 

Considering the higher risk of complications reported in children, espe
cially due to growth-related issues, a comparison of those approaches 
in the most homogeneous population possible appears essential. To 
our knowledge, we report here the first direct comparison between 
epicardial and transvenous ICD in a purely paediatric population. Age 
and weight at implantation were indeed associated with ICD lead dys
function in our study, and the higher risk of lead failure with epicardial 
devices was no longer significant after adjustment of these parameters. 
These findings temper the lower longevity observed with epicardial 
ICDs and suggest that the higher burden of system dysfunction is pri
marily driven by patient-related characteristics at implantation. 
Moreover, although our mean follow-up was almost 5 years, some 
very long-term complications associated with transvenous ICDs (vascu
lar occlusions, endocarditis…) have also to be considered before im
planting this type of device even in older children.

Several other questions remain to be answered. The psychological 
health of children with ICD is an important issue, and their quality of 
life has been reported to be lower than healthy controls with more 
signs of anxiety and depression.20 This aspect should also be considered 
when selecting the type of device to be implanted. While the psycho
logical impact of the different ICD systems remains largely unknown, 
in our experience, epicardial devices are often better accepted by chil
dren and parents since the device is less visible under the skin. 
Furthermore, heterogeneous surgical approaches have been proposed 
for epicardial coil implantation in different small series, but no compari
son of those techniques has been reported.8–,13 Our results, comparing 
two approaches used in broadly half of patients, suggest that pleural 
coils may be associated with better outcomes than epicardial coils in 
this population and should be the preferential option to improve epi
cardial ICDs’ long-term longevity. We can hypothesize that pleural 
coil positioning is associated with less mechanical strain compared 
with direct suture on the heart because of repetitive cardiac contrac
tions. Lastly, considering the young age of patients and the lifelong 
risk of vascular access issues and infection, the S-ICD appears as a 
promising option to improve the benefit/risk balance in this specific 
population. However, clinical experience with the use of S-ICD in 
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paediatric patients is still very limited,21,22 this approach is generally not 
suitable in small children under 30 kg,23 and we still have to learn about 
the potential impact of growth on long-term appropriate sensing and 
defibrillation field with this technology.

We acknowledge several limitations. First, this study was observa
tional and retrospective, with inherent biases. Secondly, the study 
population was enrolled from a single tertiary centre. The extrapolation 
to other populations or other settings may be questionable; however, 
paediatric patients with ICD discussion/implantation represent a very 
specific population managed in referral centres. The monocentric de
sign of the study furthermore allowed us to collect exhaustive data, es
pecially regarding the different surgical approaches used (epicardial vs. 
pleural coils), and also to compare outcomes associated with the differ
ent techniques independently with other parameters that may have 
impacted the results across different institutions (perioperative man
agement, follow-up settings…). In the absence of specific international 
guidelines, the preferential approach is highly team-dependent and the 
high proportion of epicardial devices reflects the local preference for 
non-transvenous devices for smallest but also for older children (in par
ticular to preserve the venous network), compared with some other 
expert centres. Thirdly, we had limited information on ICD program
ming (detection and therapy zones) that was left at the discretion of 
the treating physician. However, except inappropriate ICD shocks, 
ICD settings are not associated with ICD-related complications (in par
ticular ICD lead dysfunction), and no differences based on implantation 
technique are proposed for ICD programming in international expert 
consensus statements.24 Fourth, the study inclusion period spans al
most two decades with improvement and changes in implant systems 
and implant technique. However, we did not perform trend analyses gi
ven the size of the cohort. Finally, the number of children implanted 
with an S-ICD was also too modest to analyse outcomes associated 
with its use in this population compared with transvenous and epicar
dial ICDs.

Conclusions
In this large and purely paediatric cohort of children implanted with an 
ICD, compared with transvenous ICDs, epicardial ICDs were asso
ciated with a higher burden of early complications and ICD lead dys
function, mainly driven by a preferential use in youngest patients. The 
risk of ICD lead dysfunction was similar in both groups after adjustment 
of age and weight at implantation. Our findings also demonstrated that 
pleural coils seemed to be associated with better outcomes than epi
cardial coils in this population.
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