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with good technical skills can certainly perform 
a dual / 3‑chamber ICD implantation in small 
children. However, the knowledge of the long

‑term outcome of pacing systems may guide 
the experienced operators to use a more conser‑
vative approach. In fact, a simpler system could 
be implanted early in childhood, preventing this 
way significant complications over the follow
‑up period without impairing cardiac physiol‑
ogy and system efficacy. Then, a more physio‑
logical system can be implanted after puber‑
ty. In this setting, studies reporting long‑term 
results are welcome and may help accumulate 
evidence in order to delineate more appropri‑
ate indications. Lewandowski et al10 in this is‑
sue of Kardiologia Polska (Kardiol Pol, Polish Heart 
Journal) reported their 22‑year single‑center ex‑
perience in a large cohort of pediatric patients. 
The group mainly included patients with car‑
diomyopathies and heart rhythm and conduc‑
tion disorders, mostly implanted with transve‑
nous systems, rarely with S‑ICD. Their results in 
terms of appropriate (26%) and inappropriate 
(31%) therapies were consistent with published 
data.1,2,5,6,11,12 Other complications were surpris‑
ingly rare. Only infections (6%) and one case 
of severe tricuspid regurgitation were system

‑related. A multicenter registry of transvenous 
ICD in pediatric and congenital heart disease pa‑
tients showed early complications in 12% of pa‑
tients (namely: lead placement issues, infections, 
bleeding and vascular disorders).1 The same reg‑
istry also reported chronic complications (lead 
malfunction/dislodgement, infections, electri‑
cal storm, inappropriate shocks) in 26% of pa‑
tients.1 Young patients are particularly at risk of 
infections and lead complications13 and survive 

The use of implantable cardiac defibrillators 
(ICDs) to prevent sudden cardiac death from 
malignant ventricular arrhythmias in children 
is increasing. However, factors related to chil‑
dren (body dimensions, growth, complex anat‑
omy, physical activity) and devices (size, lead 
characteristics) affect the use of ICD and may 
cause complications.1

Four main systems of ICD have been devel‑
oped: 1) Transvenous systems are the typical 
ICD type of adult patients, involving a subcla‑
vear device position and transvenous defibril‑
lation lead, usually implanted in the subpulmo‑
nary ventricle1; 2) Epicardial systems require epi‑
cardial leads for pacing / sensing and epicardi‑
al defibrillation patches The device is placed in 
an abdominal pocket.2 They were the first sys‑
tems implanted and are now obsolete; 3) Epi‑
cardial systems and defibrillation coils have re‑
placed the epicardial patches with defibrillation 
array / coils implanted in the subcutaneous tis‑
sue,3,4 pericardial or pleural space5,6; 4) The en‑
tirely subcutaneous system (S‑ICD) is the most 
recent option in this field.7,8

Despite recent technical progress, pacing 
leads remain the “weakest link” of the system, 
particularly in growing patients.9 As a gener‑
al rule, the fewer leads are implanted, the few‑
er complications will occur.9 The most frequent 
complications that pediatric ICD implanters en‑
counter are lead malfunctions, followed by in‑
appropriate shocks, infections and vascular or 
valvular complications. Moreover, what is tech‑
nically feasible, does not necessarily have to be 
done. A physician relatively unexperienced in 
the management of all the possible complica‑
tions that might occur during follow‑up, but 
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Learning curve and implantation technique may 
also play a role. As a matter of fact, the 3‑inci‑
sion technique and subcutaneous pocket have 
higher risk than the 2‑incision and intermus‑
cular pocket. Moreover, patients with body 
mass index (BMI) <20 kg/m2 are at higher risk 
of complications.8

In conclusion, the ICD selection in young pa‑
tients should follow the suggestions present‑
ed below:
1	 Infants and small children: the preferred 
choice is the implantation of an epicardial ICD 
system with either subcutaneous, pericardial or 
pleural shock coils.
2	 Children weighing more than 30 kg: a trans‑
venous single lead, a single coil ICD, is the pre‑
ferred choice. Dual chamber ICDs, unless abso‑
lutely necessary, may be postponed after puberty.
3	 In patients with a BMI>20 kg/m2, S‑ICD should 
be the preferred choice, unless contraindicated.

What in the future? Leadless pacemakers add‑
ed to a “smaller” S‑ICD will be probably the best 
option.
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longer than their ICD leads. Transvenous leads 
may dislodge, stretch, fracture, show insulation 
breaches, either acutely or chronically. Physical 
activity and growth of the children treated are 
major causes of those complications. Converse‑
ly, epicardial systems show even worse results 
than transvenous ones: in addition to the risk 
of strangulation, pacing / sensing leads have 
high risk of fracture, due to body’s growth and 
to external forces that impose greater demands 
on the leads by flexion‑extension and lateral 
thoraco‑abdominal movements.6,14 Abdominal 
defibrillator cans and subcutaneous coils could 
also migrate because of somatic growth and 
could change the electrical field not ensuring 
a correct defibrillation. However, changes in 
the implantation technique of epicardial sys‑
tems, with pleural shock coils and the devices 
placed in a subcardiac, extrapericardial location, 
decreased the revision rate.6

A possible explanation for the favorable out‑
come reported in the study by Lewandowski 
et al10 could be the  high number of single

‑chamber devices. This simpler approach, as un‑
derlined above, decreases the number of leads 
and the bulk of the device pocket, and there‑
fore lowers the risks of vascular occlusion, sys‑
tem erosion/infection, lead adherence, malfunc‑
tion and dislodgement.

Lewandowski et al10 reported also 6 deaths, 
representing a 7.5% mortality rate. However, as 
few as 2 cases have to be ascribed to lead mal‑
function, whereas in the other patients the cause 
of death was heart failure or it was unknown. In 
other pediatric studies with a relatively compa‑
rable long‑term follow‑up, the mortality rate 
ranged from 3 to 5%,1,11,12,15 and was rarely caused 
by ICD failure.

Implanting an entirely subcutaneous defibril‑
lator is an attractive option that offers many 
advantages in growing patients. The absence of 
transvenous components in the system reduc‑
es operative risks (pneumothorax, hemotho‑
rax, cardiac perforation) and main lead / lead

‑extraction complications, risks of endocarditis 
or sepsis, along with preserving venous paten‑
cy and the appropriate function of the tricus‑
pid valve. Strong indications for S‑ICD implan‑
tation are: young age, primary prevention, poor 
vascular access, previous system infection or el‑
evated infection risk. Contraindications are as 
follows: need for antitachycardia pacing, and 
above all, pacing indications and failed screen‑
ing. The rate of pediatric patients eligible for 
the screening test for S‑ICD is around 80%.8 
Although the rate of inappropriate shocks, fol‑
lowing the device technical evolution has been 
reduced from 25% to 7%,15,7,8 the main limita‑
tion of S‑ICDs in young patients is their large 
size as compared with standard ICDs. The ma‑
jority of surgical complications requiring revi‑
sion described so far involved skin erosions.8,15 
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