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Abbreviations
S-ICD: Subcutaneous Implantable Cardioverter Defibrillator; ICD: Transvenous Implantable 

Cardioverter Defibrillator; SCD: Sudden Cardiac Death; CHD: Congenital Heart Disease; QoL: 
Quality of Life; VF: Ventricular Fibrillation; VT: Ventricular Tachycardia

Introduction
Over the last decades Implantable Cardioverter Defibrillators (ICD) has become widely accepted 

therapy in patients with Congenital Heart Disease (CHD) at risk of life-threatening ventricular 
arrhythmias or Sudden Cardiac Death (SCD). They can be used for secondary prophylaxis, such 
as after a prior cardiac arrest caused by Ventricular Fibrillation (VF) or in patients who have 
already developed a sustained Ventricular Tachycardia (VT) with hemodynamic compromise 
after exclusion of reversible causes [1]. They are also used progressively more often for primary 
prophylactic indications, in patients with severe left and/or right ventricular systolic dysfunction or 
in patients with a large number of recognized risk factors for SCD [2]. Their use in CHD patients, 
physically active and in whom an exercise activity training program is required, however, implies 
some specific considerations, as the safety of sports participation or exercise activities for these 
patients with an ICD are unknown, and recommendations among physicians may vary widely.

Importance of Exercise Activity in Patients with Congenital 
Heart Disease

Exercise capacity in adults with varied forms of CHD, including simple repaired defects, is 
substantially lower than the general population [3]. Although the underlying CHD, and its sequelae, 
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certainly contribute to observed exercise limitations, there are 
evidences suggesting that deconditioning and a sedentary lifestyle are 
important implicated factors.

Adults with CHD suffer from a lower functional capacity and 
peak oxygen consumption [4]. Low exercise capacity identifies 
those at risk for hospitalization and death [5]. There are evidences to 
suggest that obesity, related to sedentary lifestyle, is more prevalent in 
these patients [6].

For these reasons, with few exceptions, adults with CHD should 
be counseled to exercise regularly with a tailored program.

The objectives of exercise training program in these patients are 
to improve health, exercise tolerance, psychological well-being and 
Quality of Life (QoL). Several studies in different populations of 
patients with surgically repaired CHD have reported improvements 
in exercise tolerance, than their sedentary counterparts, following 
various exercise training programs, including increasing in VO2 
max, peak oxygen consumption, peak oxygen pulse, total treadmill 
walking time, heart rate recovery, walking distance, power output, 
and oxygenation of respiratory muscles [7,8].

The inactive lifestyle is enabled by patient fears, misconceptions 
and/or well-intentioned physician reticence to endorse exercise 
training in the context of difficult to quantify risks [9], despite 
evidence linking lower functional capacity to poor outcomes. For 
these reasons, conservative approach to exercise prescription in CHD 
can do more harm than good [9].

Feared complications associated with exercise in patients with 
CHD include malignant arrhythmias, exercise-induced hypertension, 
aortic dissection, myocardial ischemia, heart failure exacerbation, 
worsening cyanosis, syncope, and particularly SCD.

Question arises on the possibility for CHD patients with an ICD 
to be engaged in exercise training activities or simple recreational 
activities, having already considered the nature of the congenital 
malformation, underlying physiology, comorbidities, and type and 
intensity of exercise. All elements of the clinical profile should be 
considered in determining risks.

In other words, the presence of ICD gives to the CHD patients 
more possibilities to perform exercise-training programs or it 
represents a limitation?

Potentially Risks of Exercise for CHD 
Patients with an ICD

Current recommendations concerning ICDs in athletic 
populations emphasize that implantation of an ICD does not allow 
for any competitive or for intensive recreational sport participation 
[10-13].

The safety of exercise activities participation for patients 
with an ICD, especially for patients with CHD is unknown, and 
recommendations from physicians may vary widely. Postulated 
excess risks of exercise activities in patients with an ICD include 
increased frequency of ventricular arrhythmias, potential failure of 
an ICD shock to convert a life-threatening arrhythmia during intense 
exertion, damage to the device or lead system, inappropriate shocks 
due to sinus tachycardia or supra ventricular arrhythmias, or risk of 
harm due to momentary loss of control from an arrhythmia or from 
the ICD shock itself.

Increased frequency of ventricular arrhythmias during 
exercise

Patients with CHD have showed an increased risk of SCD during 
exercise activities [14], up to on average 2.5-fold [15]. With intense 
physical activity, they are likely exposed to catecholamine surges, 
heightened sympathetic tone, electrolyte imbalance, metabolic 
acidosis, changes in hydration and blood volume, alterations in 
cardiac loading and possibly myocardial ischemia, thereby becoming 
more susceptible to VT/VF.

Potential failure of an ICD shock to convert a life-
threatening arrhythmia during intense exertion

The efficacy of the ICD during exercise is substantially unknown. 
There are conflicting findings concerning the effect of catecholamines 
on the efficacy of defibrillation in terminating arrhythmias. 
Arrhythmias during high catecholamine states may be harder to 
terminate, suggested by studies of epinephrine infusion during 
defibrillation testing [16] and laboratory-induced mental stress [17]. 
Also, ischemia increases the defibrillation threshold and post-shock 
re-initiation of VF [18].

It has been already demonstrated that infusion of epinephrine 
at dose mimicking adrenergic stimulation during mild to moderate 
exercise is associated with an increase in Defibrillation Thresholds 
(DFTs) and a decrease in first-shock efficacy in terminating VF in 
ICD patients undergoing DFT testing [16].

Damage to the device or lead system
The third potential risk is damage to the ICD system due to direct 

trauma or repetitive arm motion. The ICD system can be damaged, 
either directly as a result of blunt physical trauma, or indirectly 
because of repetitive bending or stretching of leads [19].

A number of cases were reported of lead fracture attributed to 
weight lifting, golf, or other repetitive motion activities as in the 
swimming activities. While the relative risk of lead fracture due to 
sports cannot be determined, most previous reports describe an 
incidence of lead fracture of 0.4% to 4% [20,21]. Moreover, exercise 
activities with bodily contact are contra-indicated, given the risk for 
trauma to the subcutaneously implanted device and its connection 
with the lead system [22,23].

Inappropriate shocks due to sinus tachycardia or 
supraventricular arrhythmias

The most important clinical concern in patients engaged in 
exercise activities with an ICD is the delivery of inappropriate shocks. 
Whereas appropriate therapy can be life-saving, inappropriate 
therapies may be really dangerous and have a profound clinical 
and psychological impact on patients, hindering the compliance 
to ICD therapy. Because these shocks are painful, they may result 
in important psychological coping problems that can range from 
anxiety to a version of the ICD therapy. Some patients may even 
ask for explantation of the ICD out of fear of more inappropriate 
shocks. In addition, such shocks can be potentially life-threatening 
because they may trigger malignant arrhythmias when delivered on 
the T-wave [24].

The potential for inappropriate ICD interventions may be 
increased during physical activity. Correct identification of the cause 
of the inappropriate shocks is the key to preventing recurrences [25].

Inappropriate therapy delivery can be caused by sinus tachycardia 
or rapid conduction of other supraventricular arrhythmias, usually 
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rapidly conducted atrial fibrillation, with rates into the VT or VF 
detection zone. Furthermore, repetitive non-sustained ventricular 
tachycardia, or ventricular premature beats, may also lead to 
arrhythmia detection and delivery of not necessary shocks [26]. 
However, the most common intrinsic reason for inappropriate 
detection is double counting of ventricular events caused by T-wave 
over sensing: Every heart beat is then counted twice, which may lead 
to inappropriate detection during modest sinus tachycardia.

Other extrinsic causes of inappropriate shocks include detection 
of diaphragmatic potentials, bad connections due to lose setscrews or 
lead pins that are not fitted correctly within the defibrillator header, 
lead problems, caused by insulation defect, abrasion, or fracture of 
the lead, and electromagnetic interference [25].

Accurate measurements at the time of device implantation and 
appropriate device programming offer the potential to lower the 
incidence of inappropriate shocks.

Both R-wave and T-wave amplitudes must be evaluated 
thoroughly during the implantation procedure to ensure correct 
sensing of the R wave without over sensing of the T wave. Several 
algorithms have been developed to discriminate supra ventricular 
from VTs based on assessment of the variability of cycle length, slope 
of rate acceleration, and QRS duration during tachycardia, even 
if, especially in CHD patients, a wide QRS duration can be already 
present in sinus rhythm.

In the past, a dual-chamber ICD was considered to offer the best 
discrimination by comparing atrial and ventricular channel rates 
to detect dissociation. Actually, it is important to carefully evaluate 
whether an upgrading of a single-chamber to a double-chamber ICD 
is justified for better arrhythmia discrimination, particularly in young 
patients with a CHD for whom conventional wisdom dictates that 
the fewer leads implanted, the lower the risk of lead failure and the 
need for extraction procedures later in life [25], as it has been shown 
that DDD-ICDs do not lead to a significant decreased incidence of 
inappropriate ICD therapy vs. VVI-devices.

Risk of harm due to momentary loss of control from an 
arrhythmia or from the ICD shock itself

Another potential risk related to sport activities in patients with 
an ICD is the possibility of injury due to syncope from an arrhythmia 
or fall related to the shock itself.

Due to the latency between arrhythmia onset and ICD 
intervention to terminate it (by anti-tachy pacing or shocks), exercise 
activities during which dizziness or (pre) syncope would expose the 
patient or others to additional risks are contra-indicated. Syncopal 
events can be hazardous in certain activities where athletes may harm 
themselves, such as running, swimming, diving, downhill skiing, 
weightlifting, and gymnastics, or harm themselves as well as other 
competitors, such as motorcycle or auto racing.

Factors that May potentially Decrease the 
Risk of Exercise Activities in CHD Patients 
with ICD

Many factors may decrease the potential risks of exercise activities 
in CHD patients with an ICD, such as habitual exercise, which reduces 
the risk of SCD during exercise by 7-fold [27].

Compliance with target heart rate decreases lethal arrhythmias; 
teaching patients to monitor and recognize a target heart rate will 

decrease shocks due to sinus tachycardia.

Another possibility to potentially decrease the risk of exercise 
activities in patients with an ICD depends by the correct programming 
and choice of the ICD device. Rational selection of device and leads 
and the programming of rate zones and related therapies are essential 
in preventing inappropriate shock delivery.

ICD devices monitor physiological heart rates, arrhythmias, and 
sinus rate at which potential ventricular arrhythmias occur. Thus, a 
specific ‘monitoring zone’, with detection but without therapies, can 
be specifically programmed to gain more information in this regard. 
After a few months without problems, level of exercise participation 
could be tailored to an individualized target heart rate, which can be 
monitored by the patient on a wrist device. Such advice should always 
be balanced vs. risk of exercise-triggered arrhythmias [25].

In recent years diffusion of home monitoring systems increasing 
frequency of ICD interrogation may aid in early detection of changes 
in leads and device performance or pathophysiological condition.

Moreover, it has been suggested that recreational vs. more 
intensive activities may present less risk in some cardiac populations 
[28]. In accordance with European recommendations, ICD patients 
may be encouraged to participate to leisure-time physical activities 
with low-to- moderate dynamic or static demand and without risk 
of bodily collision [13]. This recommendation thus guarantees the 
health-promoting effects on physical and psychological well-being 
of moderate exercise conditioning, while preventing the (presumed) 
risks of competitive and intensive sports.

Common sense suggestions for other at-risk cardiac populations, 
such as CHD patients, have included avoidance of excessive activity 
or extreme weather conditions [28].

Potentially Benefits of Subcutaneous 
Implantable Cardioverter Defibrillator

Given the concern for lead problems in the longer term, there 
is interest in the applicability of fully Subcutaneous Implantable 
Cardioverter Defibrillator (S-ICD) devices especially in young 
physically active CHD patients.

The S-ICD system was developed because of its perceived benefits 
over transvenous ICD systems.

It is likely that the eliminated need for transvenous lead 
placement substantially reduces the implant-related complications 
associated with transvenous lead insertion. There may also be less 
risk of infective endocarditis because of the extra vascular position. 
Furthermore, mechanically induced pro-arrhythmia from the lead 
[29] and lead-associated tricuspid regurgitation have also been 
postulated as possible adverse consequences of transvenous lead use 
[30,31]. Furthermore, difficulties in achieving venous access [32], 
which can prolong the procedure and occasionally results in failed 
ICD implantation, can be avoided.

In addition, particularly important in subjects performing 
exercise activities, the absence of intracardiac leads in S-ICD system 
overcome the potentially risk of the mechanical stress associated with 
body motion and patient anatomy in the implanted transvenous 
leads of the ICD system. Lead failure, sometimes due to lead fracture 
related to compressive damage following repetitive arm motion with 
bending or stretching of leads as for instance in swimming exercise 
activities, remains a major limitation in the use of TV-ICD systems 
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over the long term [19,33,34], as lead failure generates inappropriate 
shocks or impedes appropriate therapy.

The S-ICD with its entirely subcutaneous and more robust lead 
probably elongates lead longevity because the lead is less subject 
to mechanical stress. The S-ICD also promises to offer advantages 
for extraction procedures, which are associated with substantial 
morbidity and mortality, when required. These advantages might 
become particularly evident in cases where lead extraction is indicated 
because of lead fractures or infections.

An important drawback of the S-ICD system may be the size of the 
can, especially in children and adults with little subcutaneous tissue. 
The larger generator might increase the risk of skin erosion, patient's 
discomfort, and infection as compared with the conventional ICDs. 
In addition, the heavier weight could cause device dislodgement and 
could potentially lead to a change of the shock configuration, with 
unpredictable consequences on algorithm detection properties and 
defibrillation threshold. Other questions have arisen regarding the 
high-energy delivery that sometimes could be more uncomfortable 
and harmful compared with the energy delivered by a transvenous 
system.

In conclusions the advantages of the S-ICD are the absence 
of leads within the heart and the preservation of central venous 
circulation making it a great alternative for children with CHD, 
especially in patients with no venous access who were unsuitable for 
transvenous ICD. The risk of systemic infections appears to be very 
low, best in high risk cases of previous device infection, hemodialysis, 
chronic immunosuppression therapy, immunodeficiencies, or 
artificial heart valves. Although pocket infections can occur with the 
S-ICD (5% to 10%, similar to transvenous devices) infection resolves 
with antibiotics in the majority of cases. Explantation is rarely 
necessary; however explanting an S-ICD is much simpler and safer 
than endovascular lead extraction. Young patients with high lead 
failure rates due to an active lifestyle may especially benefit [35,36].

Rates of inappropriate shocks in S-ICD system are similar to 
those occurring with the transvenous ICD and range from 4% to 25%. 
The greater number of inappropriate shocks caused by T-wave over 
sensing during exercise (with double counting), than by muscular 
noise due to myopotentials (lead is placed over intercostal and 
pectoral muscles).

However, complications and inappropriate shock rates were 
reduced consistently with strategic programming and as operator 
experience increased.

The S-ICD is no real option when there is clearly pace-terminable 
arrhythmia history, or possibility of resynchronization via an 
additional LV epicardial lead (CRT-ICDs), but could certainly be of 
value in primary prophylaxis patients.

Initial experience with S-ICD shows a high efficacy. Large 
prospective comparative trials will be needed to fully gauge S-ICD 
potential compared with classical transvenous ICD system in high 
risk patients with CHD engaged in exercise training activities or 
simple recreational activities.

Specific CHD Conditions in Which the Use of 
S-ICD Can be Mandatory

The most detailed data for primary prevention of SCD in CHD 
relates to those with repaired tetralogy of Fallot. For these patients, 
the risk of SCD is approximately 2% to 3% per decade [37] and a wide 

number of risk factors have been identified that delineate increased 
risk and therefore the ones that will derive greatest benefit from ICD 
implantation. Clinical evidence suggests that an increased incidence 
of ventricular arrhythmias and SCD are associated with residual 
abnormal right ventricular hemodynamic, such as elevated right 
ventricular systolic or end-diastolic pressure, the presence of a scar 
in the right ventricle, a reduced left ventricular function, or with the 
severity of pulmonary regurgitation [2]. Furthermore, it has also been 
demonstrated that ventricular arrhythmias are more common with 
older age at follow-up and older age at operation.

Raised Left Ventricular End-Diastolic Pressure (LVEDP), 
pulmonary artery pressure and Right Ventricular (RV) systolic 
pressure are the strongest predictors of appropriate shock therapy 
in patients with a defibrillator. Retrospective studies have reported 
appropriate shock rates as high as 17% per year for high-risk primary 
prevention (risk score 6 to 12) but with an inappropriate shock rate 
of 5.8% per year and other system complications occurring in nearly 
30% [37].

In these high-risk patients the presence of severe tricuspid 
and/or pulmonary valve regurgitation is quite common. An ICD 
implantation with the possibility of a further lead-associated tricuspid 
regurgitation and subsequently further RV volume overload can even 
facilitate ventricular arrhythmias occurrence. In these setting, an 
increase in lead-related tricuspid incompetence can be easily avoided 
with a S-ICD implantation.

In patients with transposition of the great arteries treated by an 
atrial switch procedure (Mustard or Senning), the risk of SCD is 
approximately 5% per decade of life and atrial arrhythmias appear 
to be a strong predictor of events [38]. Appropriate shock rates for 
primary prevention ICDs are lower in this patient group than in 
patients with tetralogy of Fallot, at approximately 0.5 % per year and 
the indications should be carefully considered [39]. Risk factors for 
appropriate therapies are thought to include wide QRS duration, 
systemic atrioventricular valve regurgitation and systemic RV 
dysfunction. Systemic RV function cut-off values have been difficult 
to define but are likely to be lower than the 35% for LV dysfunction 
and should be weighed up against relatively high complication rates.

In patients with Mustard or Senning procedure, ICD lead 
placement can be technically difficult, other than contraindicated 
due to the possibility of atrial baffle obstruction. Furthermore, in 
this condition 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.

Patients with univentricular circulation differ widely in terms of 
underlying cardiac morphology and subsequent surgical strategy and 
data on the efficacy of ICD therapy is scarce. There is a significant 
incidence of arrhythmia-related SCD, reported to be up to 10% 
over 10 years [40]. Most ICD in this patient group are implanted 
for secondary prevention or in the context of severe single-ventricle 
systolic dysfunction.

Patients with univentricular circulation with an intracardiac shunt 
due to a huge atrial end/or ventricular septal defect have a baseline 
risk of systemic thromboembolism between 0.5% to 0.7% per year. 
The presence of a transvenous ICD leads increased this risk >2-fold 
and is not reduced by the use of continuous anticoagulation therapy 
[41]. For these patients is absolutely mandatory the implantation of 
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fully S-ICD devices.

In patients with univentricular circulation following Fontan or 
modified Fontan operation with a direct atrial-pulmonary or bicaval-
pulmonary artery connection a S-ICD implantation is the only option 
due the absence of a sub-pulmonary ventricle.

Conclusion
Whereas current recommendations do not allow for intensive or 

competitive sports for high risk CHD patients, more leniency may be 
considered in those who want to perform mild-to-moderate training 
program and/or recreational activities.

As the CHD population with an ICD continues to expand, 
physicians are increasingly being asked for recommendations 
regarding what exercise is allowed in these patients.

They have to weigh the potential risk in exercise or recreational 
activities against the demonstrated adverse effect of physical inactivity.

Although ICDs are very effective in preventing sudden death, 
it would appear questionable to allow the CHD patient to continue 
participating in exercise activities based only on the possible 
protection offered by ICD. The underlying pathological conditions 
in CHD that lead to ICD implantation usually require limitations in 
sports or even in recreational activities participation.

There are many reasons to abstain from intensive exercise 
participation for CHD patients with an ICD: Physical activity is a likely 
trigger for ventricular arrhythmias; transient impaired consciousness 
can have dangerous implications during certain exercise activities; 
inappropriate therapy can be determined by sinus tachycardia, 
supraventricular arrhythmias, quite frequent in these patients [42] 
and T-wave oversensing during exercise. Furthermore, the efficacy 
of the ICD to interrupt malignant ventricular arrhythmias during 
intense exercise is unknown and, from theoretical considerations, 
probably suboptimal (given the associated metabolic, autonomic, and 
potentially ischemic conditions).

For all these reasons, we believe that for high-risk CHD patients, 
there is little reason to encourage sports participation or exercise 
high-level training program with ICDs, an imprudent strategy that 
ultimately could lead to important cardiovascular complications or 
injury.

Specific data on the benefits/risks ratio of ICD in physically active 
CHD patients are limited, explaining a large variability in current 
recommendations made by physicians to their patients.

The decision of whether to allow a young CHD patient with an 
ICD to perform an exercise training program is complex and multi-
factorial. The positive physical and psychosocial impact of exercise 
activities participation must be weighed against the potential adverse 
events associated with implantable cardioverter-defibrillators.

Initial experience with the newest generation Subcutaneous 
ICD (S-ICD) systems shows a high efficacy especially in teenagers 
and young adults [43-45]. The use of S-ICD could give to the CHD 
patients more possibilities then the classic ICD system to perform 
exercise-training program or recreational activities.

Physicians and patients could feel more assured to continue 
leisure-time physical activities and specific training program 
activities with low to moderate dynamic or static demand (and 
without risk of bodily collision) with an S-ICD on board, which may 

contribute to physical and psychologic well being. However, even 
‘low-risk’ patients, in whom a more lenient exercise participation 
may be warranted, must be clearly informed of the potential risks 
and their potential psychological impact, and of the possibility that 
the risk level can change over time (e.g. after a cardiac event and/or 
worsening of the disease).

Thoughtful consideration of disease state, arrhythmia risk, and 
the potential dangers of device therapy during the recreational or 
exercise activities is imperative before allowing participation. Wide 
discussion with patients and relatives regarding the possibility of 
shocks during exercise, as well as at other times, is imperative.

On the contrary, we believe high-risk patients with CHD and 
S-ICD should be in any case discouraged from participation in most 
physically intense organized exercise activities.

However, data on the risks of S-ICD in physically active patients 
with CHD are lacking, and in the future further data are definitely 
necessary to better define with acceptable risk the levels of exercise 
or recreational participation for these patients. Ongoing and future 
studies will help guide our decisions.
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