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Abstract

Placement of traditional transvenous implantable cardioverter
defibrillator (ICD) system in low-weight children is often difficult
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because of their vessel size, the elevated risk of lead malfunction
and failure, children’s growth and various anatomic constraints, cre-
ating the need for alternative solutions. Subcutaneous array leads
combined with an abdominally placed ICD device can minimize the
surgical approach. In this case series, we analyse the data behind
indications for subcutancous finger cardioverter defibrillator
(SFCD) and discuss the preliminary clinical experience in low-
weight children. We considered 4 consecutive children (mean age
3.9 years, range 3-5.5 years, mean body weight 17.6 kg, range 14-
23 kg) who underwent SFCD implant from April 2016 to August
2020. All patients showed a good compliance to the device system
with no complications (infections or skin erosions). No patients
experienced in the observation period (mean time 44.5+21.5
months) sustained ventricular arrhythmias requiring shocks. No
inappropriate shocks released by the device occurred. No significant
changes were observed in LET (lowest energy tested) performed
around 24 months of follow-up. All patients showed a good compli-
ance and stable atrio-ventricular sensing and pacing thresholds. In
smaller children in whom a transvenous approach is not feasible or
not possible for anatomic reasons, the SFCD appears to be a safe
method to prevent SCD with little surgical trauma and preservation
of an intact vascular system, providing an adequate bridge to trans-
venous ICD or subcutaneous ICD implant late in the life.

Introduction

Implantable cardioverter defibrillators (ICD) have been
shown to be safe and effective in preventing sudden cardiac death
(SCD) in paediatric patients who are survivors of cardiac arrest in
the absence of reversible causes and for high-risk patients with
inheritable disorder channelopathies, cardiomyopathies or con-
genital heart disease [1-3]. However, placement of traditional
transvenous ICD system in low-weight children may be problem-
atic because of their vessel size, elevated rate of lead malfunction
and failure, children’s growth and various anatomic constraints,
creating the need for alternative solutions.

Subcutaneous implantable cardioverter defibrillator is not
suitable for very young low-weight patients and epicardial defib-
rillation patch electrodes require a large thoracotomy associated
with a considerable perioperative risk. Conversely, subcutaneous
array leads combined with an abdominally placed ICD device can
minimize the surgical approach [4-6].

The purpose of this case series was to analyse our experience
in terms of appropriateness and feasibility of subcutaneous finger
cardioverter-defibrillator (SFCD) in low weight children,
analysing intermediate and long-term follow-up.
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Methods

This is an observational, retrospective, non-randomized, stan-
dard-of-care case-series study on SFCD implantation and follow-
up in low-weight children.

The study complied with the Declaration of Helsinki and its
later amendments. Informed consent was obtained from patient’s
guardians.

Patients’ selection

All the patients aged less than 6 years, who underwent SFCD
implantation between April 2016 and August 2020 were included
in the study.

Inclusion criteria (specific indications for SEFCD implantation):
international guidelines were followed for ICD implantation [1].

In particular, the indication for SFCD was considered for chil-
dren younger than 6 years, with low-weight who had contraindica-
tions for S-ICD or ICD implantation due to the lack of available
favourable venous access or possible venous occlusion following
intracavitary leads positioning, elevated rate of lead malfunction
and failure and finally when pacing therapy for bradycardia sup-
port was hypothesized.

of the heart was exposed via a subxiphoid incision. An epicardial,
bipolar pace/sense lead was attached to the apex of the right ven-
tricle and, if required for the patient, to the right atrium (Figure 1A)
and then sutured to the myocardium after confirmation of good
pacing thresholds. A tunneling tool shaped according to the anato-
my of the patient and placed inside an introducer sheath, was used
to create a subcutaneous tunnel (Figure 1B) at the level of the sev-
enth intercostal space and extended posteriorly as close to the
spine as possible (Figure 1C). A subcutanecous lead was then
advanced into the sheath. After testing the pace/sense lead, the
leads were connected to the ICD generator that was secured in a
preperitoneal pocket in the right or left upper quadrant.
Defibrillation threshold testing was then performed.

Regarding ICD testing, our practice was to use a “lowest ener-
gy tested” (LET) that successfully terminated the tachyarrhythmia
as a surrogate for a true defibrillation threshold (DFT), with shocks
being delivered between the ICD device (“active can”) and the
subcutanecous array lead serving as cathode. The LET protocol
involved 2 successive shocks. The first was generally programmed
at 14-16 J. If the first shock failed, the second was programmed at
20 J. A minimum of a 10 J safety margin was considered accept-
able. The ICDs were programmed for single zone detection of ven-
tricular fibrillation at rates greater than 214-231 beats per minute.

Acute efficacy of the system was defined as successful conver-
sion of induced ventricular tachycardia/ventricular fibrillation
(VT/VF) by an intraoperative defibrillation test.

Implantation procedure

Each patient underwent placement of a single finger subcuta-
neous defibrillation lead [5,7]. Under general anaesthesia, the apex

Data collection

Categories of data collection included the following:
- patients’ demographics;

Figure 1. Implantation procedure. A) Epicardial, bipolar pace/sense lead attached to right atrium and ventricle. B) Creation of a tunnel
at the level of the seventh intercostal space. C) Extension of the tunnel posteriorly as close to the spine as possible and advancing of the

subcutaneous lead into the sheath.
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- preimplant clinical data (underlying cardiac disease diagnosis;
a copy of the preimplant 12-lead ECG; drug therapy; indica-
tion for ICD placement and motivation for use of the SFCD);

- implant characteristics: implant techniques, results of defibril-
lation testing, initial SFCD programming, atrio-ventricular
sensing and stimulation threshold at implant, a copy of the
postprocedural chest x ray (Figure 2), procedural complica-
tions, and postprocedural length of stay.

Acute complications were defined as those occurring before
discharge from the hospital or within 30 days from the implant.

Therapies were classified as appropriate if delivered for
VT/VF; otherwise, they were considered inappropriate (IAS).

Follow-up

Patients were regularly followed between April 2016 and
December 2020 at Paediatric CHD Unit and Arrhythmic
PMK/ICD outpatient clinic in accordance with the following pro-
tocol: patients underwent clinical evaluation, device interrogation
by telemetry, and ECG at 1 and 3 months and every 3-4 months
thereafter. Trans-thoracic echocardiography, Holter monitoring,
and X-ray were performed every 12 months. Nearly around 24
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months of follow-up the first three patients (#1, #2, #3) underwent
LET testing as already stated [1]. The outcomes analysed included
patients’ characteristics, and the presence of long-term complica-
tions. Moreover, during follow up were assessed the atrio-ventric-
ular sensing and pacing threshold, the presence of all post-opera-
tive VF episodes, presence and time to the first appropriate shock,
first inappropriate shock, and first appropriate and inappropriate
events without shock delivery.

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 variables. The study
is descriptive, with no inferential statistics performed.

Results

All the patient’s data are reported in Tables 1 and 2.
Baseline patient characteristics: Four consecutive children

Figure 2. Postimplant chest X-rays. A) Patient #1 (3 years 8 months old/F, 14 kg, 0.61 m? BSA). B) Patient #2 (3 years old/M, 17.5kg,
0.66m? BSA). C) Patient #3 (3 years 5 months old/M, 16 kg, 0.64m? BSA). D) Patient #4 (5 years 6 months old/M, 23 kg, 0.9m? BSA).
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(mean age 3.9 years, range 3-5.5 years, 1 female) who underwent
SFCD implant from April 2016 to August 2020 were included in
the study. Mean weight at implant was 17.6+3.8 Kg, height
103.5+14.4 cm, body mass index 16.5+2.3 and body surface area
0.7£0.1. Three patients were affected by long QT syndrome
(LQTS). Notably, one of these presented Jervell and Lange-
Nielsen syndrome. One patient was affected by familial Brugada
syndrome. Primary prevention was the indication only in one.

Procedural data: Two patients had implanted an abdominal
ICD device combined with a single subcutaneous array with one
finger only and dual chamber bipolar epicardial sensing and pacing
leads. The other two had a single chamber (ventricle) epicardial
sensing and pacing lead. In all patients a successful defibrillation
test was performed. No complications were reported during the
procedures. Three patients had an optimal LET (14-167J), only one
required a subsequent 20J shock.

Follow-up: The post-operative course was uneventful, and all
patients were discharged between 4 and 5 days after the procedure.
Mean follow-up was 44.5+21.5 months (range 68-16 months). No
acute (within 30 days of implant) complications (infections or skin
erosions) were reported. No significant differences were observed
over the time in the atrio-ventricular sensing and pacing threshold.
During the follow-up no patients experienced appropriate or inap-
propriate shocks. No significant changes were observed in LET
(lowest energy tested) performed after 24 months of follow-up in
the first three patients. Lead migration after placing of subcuta-
neous defibrillation leads was not observed on X-ray scan per-
formed during the follow-up.The outcome was uneventful and the
cosmetic results were excellent. There were no device infections,

Table 1. Baseline clinical characteristics of the case series.

lead fractures, device erosions, or other ICD-related complications
during the follow-up period.

Discussion

In very low weight paediatric patients, life-threatening arrhyth-
mias requiring ICD placement are quite rare. Secondary prevention
of SCD is a generally accepted indication for ICD therapy. Primary
prevention still remains controversial, but may be justifiable in
selected cases [1,2]. However, due to improved risk stratification
(e.g., in hypertrophic cardiomyopathy and in repaired congenital
heart disease) and due to the recognition of inherited arrhythmias
at high risk there is an increasing number of low-weight young
patients selected for ICD treatment.

Very young patients pose an important challenge regarding ICD
implantation. The small caliber vein dimensions in young children
place them at high risk for vessel injury and vascular occlusion in
patients, especially in patients with complex congenital heart dis-
ease, and paucity of venous access in patients requiring lifelong
device therapy. Improvements of endovascular leads and devices
have facilitated ICD implantation; but unfortunately, it has been doc-
umented a high rate of complications in paediatric patients, especial-
ly lead failure that is most common and it is related to somatic
growth [8-9]. Complications have also been reported when epicar-
dial defibrillation patch electrodes were used instead of endocardial
leads [10]. SFCD systems minimizing the perioperative risk and
complications and our data suggested that should be applied in the

#1 F dyears 8§ months 14 98 14.58 0.61 LQTS Secondary prevention Propranolol
#2 M 3 years 17.5 95 19.39 0.66 LQTS Secondary prevention Propranolol
#3 M 3 years 5 months 16 96 17.36 0.64 LQTS (JLNS) Primary prevention Propranolol
#4 M  Syears 6 months 23 125 14.7 0.9  Brugada syndrome  Secondary prevention None

BMI, body mass index; BSA, body surface area; LQTS, long QT syndrome; JLNS, Jervell e Lange-Nielsen syndrome.

Table 2. Procedural data and outcome of the case series.

#1 April2016  WI R wave Vn: 14) R wave Vn: Yes None No No 16J 68 Good
Medtronic ~ 40bpm 134 0.5/0.4 94 0.75/0.4ms
Evera
#2 November AAI/DDD P wave Atr: 16J P wave Atr: Yes None No No 16J 49 Good
2017 80/130bpm 4.1 0.25/0.4ms 3.8 0.25/0.4ms
Medtronic Vn: R wave Vn:
Evera 0.75/0.4ms 3.5 1.0/0.4ms
#3 March 2018 AAI/DDD P wave Atr: 16J P wave Atr: Yes None No No 16J 45 Good
Medtronic 60/130bpm 3.9 0.75 43 0.5/0.4ms
Evera R wave Vn: R wave Vn:
46 1.5 3.5 0.5/0.4ms
#4 August2020 WI R wave Vn: 20J R wave Vi: Yes None No No na 16 Good
Medtronic  40bpm 8.5 1.0 7.5 (.75/0.4ms
Evera

Atr, atrium; Vn, ventricle; AS, appropriate shock; IAS, inappropriate shock; LET, lowest energy tested; F-U, follow-up; n.a., not available.
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low-weight paediatric patients as an adequate bridge to transvenous
ICD or S-ICD implant late in the life. This case-series describes four
cases of inheritable channelopathies in which such a system was suc-
cessfully implanted. The used configuration involved a single-finger
subcutaneous defibrillation lead used as the anode with an active,
abdominally placed generator as the cathode.

In our series, the single lead had the advantage of requiring sig-
nificantly less subcutaneous dissection compared with a multi-fin-
gers array or patch. Furthermore, this configuration achieved suc-
cessful defibrillation with low LETs. The post-operative course
was for all uneventful, without any complications. There were no
surgical morbidity and no short- or long-term ICD-related compli-
cations, such as infection, lead fracture, and device erosion.
Sensing and pacing thresholds of the epicardial leads remained
unchanged from the time of implantation. No patients experienced
appropriate or inappropriate shocks.

While little can be definitively concluded from 4 patients, our
experience suggests that this system, using only one finger, is reli-
able and can be safely used in low-weight paediatric patients. The
SFCD could provide an adequate bridge to transvenous ICD or
subcutaneous ICD implant. This system could benefit very low-
weight children in particular, but there are limitations. The long-
term clinical course of DFT stability in a growing child is still
unknown. As a result, additional testing would almost certainly be
required.

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.

Conclusions

In smaller children in whom a transvenous approach is not fea-
sible or for anatomic reasons not possible, the SFCD appears to be
a safe method to prevent SD with little surgical trauma and preser-
vation of an intact vascular system, providing an adequate bridge
to transvenous ICD or S-ICD implant late in the life.
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