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Summary
Adults with congenital heart disease (CHD) form a young and new population since surgical
treatment of heart defects became available three to four decades ago. Due to improved survival,
this population is steadily growing in number and age. Little is known about long term survival, but
late complications occur frequently. Nearly half of the patients have one or more complications at
adult age, such as endocarditis, stroke, systemic or pulmonary hypertension, aortic aneurysm or
dissection, and arrhythmias. Heart failure and sudden cardiac death are the main causes of death.
Treatment of adults is aimed at reduction of symptoms, but also at minimizing the risk and severity
of late complications in the future. In this review, most recent advances in the treatment of CHD will
be discussed. Main focus will be on pharmacological, interventional and surgical interventions that
reduce the risk of heart failure, arrhythmias, pulmonary hypertension and vascular complications.
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Introduction
Advances in paediatric cardiovascular surgery and medicine have shifted mortality as a result of
congenital heart disease (CHD) from infancy to adulthood. As a consequence, the population of
adults with CHD is growing.1 Most CHD patients that reach adulthood have undergone surgery or
percutaneous endovascular treatment early in life. Many of them suffer late complications
throughout their lifetime as a result of the cardiac anomaly, surgery or both.2 Survival in this group is
decreased when compared to the general population, even in patients with corrected simple
lesions.3 The leading causes of death among adult CHD patients are heart failure and arrhythmia or
sudden death. 4 6 Other major complications include vascular events such as stroke, aortic dissection
and aneurysm, but also complications with a less direct cardiac aetiology such as infection, protein
losing enteropathy and renal failure. Treatment of adults with CHD is aimed at reduction of
symptoms, but also at minimizing the risk and severity of late complications. Often late complications
are the result of underlying hemodynamic abnormalities.7;8 Accordingly, surgical or interventional
treatment often improve hemodynamic status and reduce risks on complications in many cases. In
this review, we will discuss the most recent advances in the treatment of CHD, focussing on
pharmacological, interventional and surgical interventions that reduce the risk of heart failure,
arrhythmias and vascular complications.

Due to the heterogeneity of congenital heart defects, there is a great difference in severity of
symptoms and burden of illness. However, most defects share an increased risk of heart failure,
arrhythmias, vascular complications, pulmonary hypertension and endocarditis.

Heart failure
Most congenital heart defects can lead to ventricular failure. For example, in a cohort study of 188
consecutive patients who were followed up at an adult CHD centre, congestive heart failure
(according to Framingham criteria) was present in 22.2 percent of patients who underwent an atrial
switch procedure for transposition of the great arteries, in 32 percent of those with congenitally
corrected transposition and 40 percent of Fontan patients.9 In addition, chronic heart failure is the
primary cause of death of patients with CHD.4;6;10

Whereas systolic left ventricular failure due to acquired conditions has been the focus of
most research and medical interventions, right ventricular failure has been somewhat neglected.11

However, in the relatively new population of adults with CHD it is often the right ventricle that is at
risk. In patients with CHD, the right ventricle might support the pulmonary circulation or the systemic
circulation in transposition complexes. When it supports the systemic circulation, the right ventricle
is able to adapt to systemic pressures surprisingly well. However, ventricular dysfunction seems
unavoidable after several decades, though this does not always results in clinical apparent heart
failure and survival to the 7th and 8th decade has been reported. Failure of the subpulmonary right
ventricle in CHD patients often results from right ventricular outflow tract obstruction, pulmonary
valve stenosis or regurgitation, tricuspid valve dysfunction and left to right shunts. Underlying
mechanisms of heart failure in CHD patients are heterogeneous and include chronic volume overload
due to valve dysfunction or septal defects, pressure overload caused by valve stenosis or increased
pulmonary resistance, and myocardial damage as a result of (multiple) surgical procedures or
perfusion mismatch in the case of hyperthrophy or chronic cyanosis. Table 1 summarizes
mechanisms involved in the development of ventricular dysfunction in ACHD patients.12 In addition,



neurohormonal activation, which plays an important role in acquired left ventricular failure, also
seems to be present in ventricular failure caused by CHD, and is believed to play a role in cardiac
remodelling.13

Table 1. 

Intrinsic mechanisms

Volume overload

Pressure overload Atherosclerosis

Surgery Myocardial ischemia

injury to coronary artery

Medication for heart failure
Small numbers and heterogeneity of CHD complicate large scale trials similar to those performed in
acquired heart disease, where treatment of left ventricular failure with beta blockers and blockade
of the renin angiotensin system is well established. As a consequence, the efficacy of
pharmacological agents in adults with congenital heart disease is largely unknown. Often, beta
blockers, ACE inhibitors and angiotensin 2 receptor antagonists are prescribed empirically in analogy
with acquired left ventricular failure.

In patients with a failing systemic right ventricle, inhibitors of the RAAS system as well as
adrenergic beta antagonist have been suggested to be advantageous. As neurohormonal activation
seems to be present in patients with a failing systemic right ventricle, ACE inhibitors an AT2
antagonists might prevent or attenuate remodelling and progression of ventricular failure in analogy
with acquired (left) ventricular failure.13 Whether the afterload reduction obtained by inhibition of
the RAAS system will improve ventricular function in patients with an atrial baffle is uncertain, as it is
suggested that one of the mechanisms behind right ventricular failure in these patients is the
hampered ventricular filling, caused by the rigidity of the baffle.14;15 In this light, beta blockers might
be theoretically more appropriate, as these would improve ventricular filling by lengthening diastole.
In addition, beta blockers might reduce the perfusion mismatch – only the single right coronary
providing the hypertrophic and high pressure right ventricle which has been put forward as another
mechanism of systemic right ventricular failure. However, depressing sinus node function and
atrioventricular refractory period might not be advisable in a population at risk of atrioventricular
block and sinus node dysfunction.

The several small trials with short follow up that have been performed in patients with
systemic right ventricles show equivocal results, while research concerning failing right ventricles in
subpulmonary position remains scarce.16;17 In 2005 Dore et all reported one of the few trials
concerning the pharmacological options the systemic right ventricle.18 This multicenter placebo
controlled trial did not show significant change in exercise capacity in patients with a systemic right
ventricle treated with losartan for 12 weeks. However, most patients were asymptomatic and
neurohormones were often not elevated to begin with. Furthermore, duration was short and the
primary endpoint suboptimal to assess. At presence, there are no well founded arguments to start
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patients with a failing right ventricle on beta blockers or RAAS antagonists. Ungoing trials are
currently running in order to gain more insight in the therapeutic options of the failing right
ventricle.19

Fontan patients are specifically at risk for a failing circulation. Although the pathophysiology
of the failing Fontan is not fully understood, a low pulmonary vascular resistance is an important
factor in the continual functioning of the Fontan circulation. Treatment with bosentan and sildenafil
might decrease pulmonary vascular resistance, similar to patients with pulmonary arterial
hypertension.20 However, clinical data on the efficacy and safety of treatment with bosentan and
sildenafil in Fontan patients is warranted.21 Beta blockade and RAAS inhibition have also been
suggested in the failing Fontan. However, no beneficial effect has been found to date.22 25

Pulmonary regurgitation in repaired TOF can lead to failure of the subpulmonary right
ventricle due to volume overload. While pulmonary valve replacement is the most definitive solution,
medication might be indicated for patients with only mild regurgitation or those whose ventricle has
already been irreversibly damaged before PVR. Drugs that reduce afterload might relieve the
overburdened right ventricle, but how to achieve this in the already low pressure pulmonary
circulation has not been elucidated. There might be a role for new drugs that specifically target the
pulmonary circulation.25 Beta blockade seems less suitable as a longer diastole would increase both
filling and valvular leakage of the already volume overloaded ventricle. Data on beta blockade in
operated TOF remains scarce and in the few studies that have been performed no beneficial effect
has been demonstrated.26;27

Interventions for heart failure

Resynchronisation therapy
Cardiac resynchronization therapy (CRT) may lead to functional improvement in a majority of
patients with a reduced left ventricular ejection fraction, symptomatic heart failure and a left bundle
branch block due to ischemic or dilated cardiomyopathy.28

It seems that some patients with CHD may also benefit from CRT therapy.29 In this
population, CRT efficacy varies widely with the underlying anatomical and pathophysiological
substrate. CHD patients with systemic left ventricles and those who have ventricular dysfunction
caused by conventional pacing seem to benefit most from CRT, while in patients with systemic right
ventricles or single ventricles the effect of CRT might be absent or very modest.30;31 At present, the
indications for CRT are derived from the non CHD population and include systemic left ventricular
dysfunction (EF < 35%), a wide QRS interval (left or right bundle branch block) and NYHA class III or
IV, although, in practice the majority of CHD patients that undergo CRT has ventricular dysfunction in
combination with a pacemaker or an indication for a pacemaker.30 Technical issues such as abnormal
anatomy may complicate CRT.32 Difficult access and relatively frequent (concurrent) heart surgery
often make an epicardial approach preferable.30 Adverse events and mortality seems comparable to
CRT in aquired disease, although coronary sinus lead issues were more frequent, probably due to
anatomic anomalies in the CHD population.31 In the near future, it can be expected that the
indication for CRT will widen and more CRT devices will be implanted in CHD patients.33



Percutaneous valve replacement
In CHD, heart failure is often caused by underlying hemodynamic abnormalities, such as volume
overload due to failing valves. Consequently, valve surgery must be planned before the ventricle is
irreversibly damaged.34;35

Right ventricular outflow tract dysfunction is a common problem among patients with CHD.
Initial repair occasionally involves a valved right ventricle to pulmonary artery conduit. However,
these have been shown to exhibit a limited lifespan, late complications including pulmonary
regurgitation, patch aneurysms and valvular or conduit stenosis.36 Especially chronic pulmonary
regurgitation can have a detrimental effect on the right ventricle.37;38 Consequently, these patients
often need multiple reoperations, with ever increasing risks.

The ambition to treat these patients without or with less cardiac operations, which are in
their own right are a burden on the right ventricle, has lead to the development of percutaneous
pulmonary valve replacement techniques.39;40 Currently available is a bovine jugular venous valve in a
balloon expendable stent.41;42 However, most CHD patients in whom the RVOT is involved are
unfavourable subjects for percutaneous pulmonary valvular implantation because of dilatation and
aneurysm of the RVOT. Although the development of new devices including the “infundibular
reducer” aims to tackle this problem. Conduits, on the other hand, often provide an excellent bed for
implantation. Indications for percutaneous pulmonary valvular implantation include RVOT
obstruction and pulmonary regurgitation, although the technique is restricted by morphological
characteristics. Procedural complications include device instability and guide wire injury while stent
obstruction due to hammock effect (venous wall hangs in stent lumen) as well as stent fracture are
seen during medium term follow up. Often these complications can be managed percutaneously.
Freedom from reoperation is around 70% after five years. Comparison between the procedures that
were performed in the early stages of the procedure and those that were performed more recently
show that freedom from reoperation has increased and the rate of procedural complications has
declined. Percutaneous pulmonary valvular implantation improves both systolic and diastolic RV
function a reduced RV hypertrophy.43;44 It has the potential to become the standard procedure in
dysfunctional RVOT conduit and prolongs the life of the conduit, postponing the need for re
operation.

Arrhythmias
Arrhythmias are a major cause of morbidity, mortality and hospital admission in adults with CHD. The
etiology of arrhythmias in this population is often multifactorial and includes electrical disturbances
as part of the underlying defect, surgical intervention and hemodynamic abnormalities. Despite the
numerous existing arrhythmia management tools including drug therapy, pacing and ablation,
management of arrhythmias in adults with CHD remains difficult and challenging. Due to
improvement in mapping and ablation techniques, ablation and arrhythmia surgery are being
performed more frequently in adults with CHD. However, there is little information on the long term
results of these treatment strategies.

An overview of contemporary invasive management of arrhythmias in this population has
recently be published by Koyak et al.45 Apart from arrhythmias that are directly or indirectly the
result of the congenital condition, adults with CHD are now more and more being confronted with
“regular” arrhythmias that also occur in the normal population as a result of ageing, hypertension,
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heart failure and ischemia.46 Such arrhythmias warrant a treatment strategy that is similar to that in
normal patients, but the specific conditions of patients with CHD, that is, altered anatomy and
differences in vascular access, complicates treatment in patients with CHD, which might potentially
reflect on the indication for such treatment.

Medication for arrhythmias
Anti arrhythmic drug use may be limited by side effects and many standard anti arrhythmic drugs
have shown disappointing results in adults with CHD. Amiodarone is effective but often associated
with thyroid dysfunction (36%), especially in females and in patients with complex cyanotic heart
disease.47 The amiodarone analogue dronedarone might be a safer alternative, but efficacy seems to
be lower.48 However, to our knowledge, dronedarone has not been studied in patients with CHD.
There is growing experience with interventional and surgical approaches to treat arrhythmias in
adults with CHD.

Intervention for arrhythmias
Sudden cardiac death remains the most frequent cause of death in patients with CHD. There is little
discussion on the indication for ICD therapy in patients who experienced cardiac arrest or a
hemodynamically not tolerated ventricular tachycardia. But for means of primary prevention, the
situation is less clear. Large studies on the benefit of ICD therapy in this group are lacking.

Studies in tetralogy of Fallot have defined a set of criteria that relate to a higher vulnerability
to SCD. These include a QRS complex wider than 180 ms and an end diastolic pressure of > 12
mmHg.47;49 Other congenital conditions have not been studied that extensively, and therefore
evidence on who does and who does not benefit from ICD therapy is lacking. For contemporary
management, it is not justified to extrapolate the indications for ICD therapy in the general
population, which consist of a left ventricular ejection fraction of <35% and NYHA class 2 or 3, to
patients with CHD. It seems reasonable in selected patients to extrapolate the left ventricular
ejection fraction, in most studies required to be <35%, to the systemic ventricular ejection fraction.50

Apart from the fact that indication for ICD therapy remains less clear in patients with CHD,
there are practical problems as well. Vascular access is often compromised in those patients, which
precludes or severely complicates the placement of endocardial pacing or defibrillation leads.
Moreover, in patients with an intracardiac shunt, endovascular placement of leads is contraindicated
because of the increased risk of systemic emboli. Therefore, surgical access to the heart is often
necessary, with concomitant shortcomings such as need for longer hospitalization and shorter
lifetime of epicardial leads compared with endocardial leads. Indeed, lead failure is one of the most
frequently encountered complications in patients with CHD. Recently, a completely subcutaneous
ICD has been developed that can potentially be used to overcome these problems.51 Experience in
the CHD population, however, is currently limited.

The experience with ablation therapy for arrhythmias in CHD is growing. The limitations of
access as mentioned above account for ablation therapy as well, and specific methods of access such
as transconduit puncture or ablation via sternotomy, have been described.52;53 Also, due to altered
anatomy and changed position of the heart in the thorax, standard fluoroscopic landmarks are often
of little use. Atrial tachycardias appear a large problem. Atrial flutters or macroreentrant
tachycardias are frequently encountered, but also focal tachycardias play a role.54 Ablation of these



arrhythmias is associated with frequent recurrences that require redo procedures, and follow up is
often obscured by the development of atrial fibrillation.46

Ventricular tachyarrhythmias with hemodynamic compromise might be ablated, but the
mainstay of therapy for patients suffering from ventricular tachycardias is often ICD implantation.
Atrioventricular bypass tracts, most well known in Ebstein’s anomaly, can be ablated, but procedures
are often complicated through less catheter stability and the presence of more than one bundle.55

Arrhythmias in patients with CHD remain a challenging problem. Despite recent advances
made with ablation and device therapy, procedures are less successful and associated with more
complications than in the general population. Better understanding of the mechanism of the
arrhythmia, the specific anatomy and the potentially impaired vascular access of the individual
patient may further improve arrhythmic management.

Cerebrovascular accidents
The high prevalence of atrial arrhythmia, among other factors mentioned below, predisposes the
relatively young population of CHD patients to trombo embolic complications, among which
cerebrovascular accidents are probably the most debilitating. The prevalence of (CVA) events is 10
100 times higher than expected in control populations.56 Causes of CVA in the population of CHD
patients include emboli from the heart or the central arteries, paradoxical emboli and haemorrhage.
Emboli from the heart or the central arteries might be related to atrial arrhythmias or artificial valves
and other intracardiac devices. Emboli from the venous bed might travel to the systemic circulation
through septal defects or other shunts. In addition, cardiovascular procedures might be complicated
by thromboembolism, air embolism and hypoperfusion and ischemia. Cerebral bleeding can occur
during full anticoagulation related to cardiac surgery or chronic anticoagulation in the case of atrial
arrhythmias. Finally, hypoxia in cyanotic patients could lead to hyperviscosity, which might lead to
hypoperfusion and cerebral ischemia.

The occurrence of CVA is most patent in cyanotic patients, both with and without
Eisenmenger physiology. Many of these patients have single ventricle physiology with important
right to left shunting, making them vulnerable to systemic emboli. Other cardiac conditions
associated with CVA are mechanical prosthesis, open ASD, Fontan, and atrial switch.56

Anticoagulation therapy is recommended in all CHD patients with atrial fibrillation and mechanical
prosthetic valves.7 Whether anticoagulation should be started in the population of cyanotic patients,
including is less clear as haemostatic abnormalities have been documented in up to 20% of cyanotic
patients. 57

Vascular complications
The aortic root and ascending aorta can be involved in a variety of congenital heart defects.
Progressive widening of root and dilatation of the aorta can lead to serious complications including
valvular regurgitation, aortic dissection and rupture.

The presence of a bicuspid aortic valve (BAV) is often accompanied by aortic complications
such as dilatation and dissection, caused by accelerated degeneration of the aortic media,
abnormalities of matrix disruption and smooth muscle cell loss.58 Although dilatation can occur in
any section of the aorta, the proximal ascending aorta is most frequently affected.58
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In aortic coarctation, often present with BAV, aortic aneurysm formation and dissection are common
complications after surgical or percutaneous repair. Aortic aneurysms may develop near the site of
repair as well as in the proximal aorta. The increased risk for aortic aneurysm formation is caused by
the abnormal structure of the aortic wall (aortic medial disease) in combination with the increased
prevalence of persistent systemic hypertension in these patients.59

Despite adequate timing of surgical repair, the prevalence of hypertension at rest or during exercise
is still high in coarctation patients. Hypertension is often already present in early childhood, even in
patients that received surgery before the age of one year and without signs of aortic arch
obstruction.60 62 The pathologic mechanism behind the increased prevalence of hypertension might
be vascular dysregulation, including; vascular remodelling, abnormal distensibility of the aorta,
altered baroreceptor function and elevated plasma renin levels.63 65

Tetralogy of Fallot, the most common cyanotic heart disease, is also accompanied by aortic root
dilatation. Aortic dilatation occurs in unrepaired TOF patients and interestingly, also in a subgroup of
TOF patients after surgical repair. In these patients aortic root and ascending aortic dilatation is
found, resulting in aortic regurgitation, which sometimes may require aortic valve replacement.66 68

Previous research has shown that initial hemodynamic stress from aortic volume overload, combined
with histological abnormalities such as media necrosis, fibrosis, and cystic medial necrosis are
important contributors to the development and progression of aortic root and ascending aortic
dilatation in TOF.69;70

Marfan syndrome, a connective tissue disorder, though not always classified as CHD, is also known
for its increased risk for aortic aneurysm formation and dissection. The primary cause of death in
Marfan patients is aortic dilatation and dissection, typically occurring in the sinus of Valsalva.71

Recently, new treatment options have been added as prevention of aortic dilatation, especially in
Marfan syndrome.

Medication for aortic aneurysms
Aortic dissection is the primary cause of death in patients with Marfan syndrome.72;73 Beta blockade
has been widely used as prophylactic therapy, with limited evidence of its efficacy.72 74 An example in
which increasing knowledge about the pathophysiology of disease has led to a new impulse to drug
treatment in Marfan syndrome. Recent insights into the pathophysiology of Marfan offer a rationale
for medical treatment. An excess of transforming growth factor (TGF ) contributes to the
pathogenesis of many of the phenotypic features of Marfan, including progressive enlargement of
the aortic root. Studies in mice, genetically engineered, to resemble the pathogenesis of Marfan
syndrome, show that aortic remodelling is attenuated or prevented by systemic treatment with TGF

antagonists and losartan, an angiotensin 2 receptor blocker, known to inhibit TGF signalling.75

Accordingly, losartan is a promising treatment option in patients with Marfan syndrome.
A small cohort study with angiotensine receptor blocker therapy in selected pediatric Marfan

patients showed a significant decrease in rate of progressive aortic root dilatation. However this has
not yet been confirmed in other studies and its clinical implication is still unclear, and whether this
effect can be extrapolated to other forms of aortic dilatation is uncertain.76

Doxycycline has shown to reduce fragmentation of elastic fibers and thus delaying aneurysm
rupture in mice.77 Among patients with abdominal aortic aneurysms scheduled for surgical repair,
preoperative administration of doxycycline reduced vascular inflammation in abdominal aortic



aneurysm samples.78 However, doxycycline has not yet been tested in Marfan patients, so it remains
unclear if this is an additional target for the treatment of aortic complications in Marfan syndrome.
Furthermore, statin and tetracycline therapy are currently under investigation. Considering medical
treatment in limiting the progression of aortic dilatation, there are no data in TOF patients, unlike the
beneficial effects of beta adrenergic blockade in Marfan syndrome.70 Recent studies have shown an
increased carotid intima media thickness in coarctation patients as compared to healthy controls.
This increased intima media thickness probably indicates an increased cardiovascular risk in these
patients.79 Studies evaluating the effect of statin treatment in coarctation patients are still ongoing.

Interventions for aortic complications
Historically, surgery has been the treatment of choice in the treatment of aortic coarctation.
Different surgical modalities have been used to treat coarctation such as end to end anastomosis,
patch angioplasty, subclavian flap aortoplasty and bypass grafts. Aneurysm formation late after
repair has been described after all these surgical techniques, with the highest prevalence after
Dacron patch repair. Therefore routine serial arch imaging is recommended after repair.80

Endovascular management of coarctation has shown to be an acceptable alternative for
surgical repair with comparable clinical outcomes. Endovascular stenting has become the treatment
of choice for native and recurrent coarctation with a low rate of clinically significant gradients and
decreased incidence of aneurysm formation compared to balloon angioplasty.81 More recently
covered stents have shown to be superior to bare metal stents with a low rate of recoarctation and
aneurysm formation.82;83

Treatment of Type B dissections, encounting 10% of all aortic dissections in Marfan patients
is similar to the general population with a type B dissection, with medical treatment in the absence
of complications and surgery in the presence of complications (i.e. aortic impending rupture,
uncontrollable severe hypertension or organ failure). Although elective surgery is challenging and
associated with substantial morbidity in these patients, it is still the treatment of choice for repair of
descending aortic aneurysms.84 The endovascular stent graft has been used as an alternative for
open surgery in the past.85 However progression of aortic dilatation post intervention has been
observed, even after successful graft placement. Therefore, endovascular stenting is only indicated in
the treatment of aortic dilatation in Marfan patients, when the risk for open surgery is too high.86

Data regarding the timing of surgery in TOF patients with aortic dilatation are scarce. In TOF
patients with severe aortic regurgitation, requiring aortic valve replacement, diameters of the aortic
root and ascending aorta should be determined to assess the need for additional repair of the aortic
root and ascending aorta.70

Valve sparing surgery
In patients with ascending aortic dilatation valve sparing root replacement has become the
treatment of choice, also for patients with Marfan syndrome and even in patients with BAV.87

In general, young adults were advised to have their diseased valves replaced by a mechanical
valve for the reason of proven durability and the avoidance of risks associated with (repeated) redo
surgery. However, several studies have indicated that this group of young CHD patients is exposed to
a significant and accumulating risk over time of trombo embolic events and anticoagulant associated
bleeding complications.88 Besides this, the increasing experience with successful repair of
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atrioventricular valves in children and young adults with CHD as well as in adults with ischemic heart
disease has stressed the role of these valves in preservation of ventricular function and consequently
a reduction of the risk of heart failure is anticipated in the long term.

Therefore, more emphasis has come on valve repair in general and valve sparing techniques
in aortic root surgery. Valve sparing aortic root replacement reduces the risk of trombo embolic
events and avoids the need for anticoagulant therapy, which is also of importance in young adults
with a desire for future pregnancy.89 However, most studies indicate that freedom of redo surgery is
less than with the standard Bentall procedure.90;91 However, high success rates and still improving
results of valve sparing techniques over the last two decades, in combination with increased quality
of life have made this surgical strategy the treatment of first choice for large groups of patients.91The
field of indications is extending rapidly. Valve sparing techniques are now performed for repair of
failing tricuspid and bicuspid aortic valves and even for repair and preservation of the pulmonary
autograft after the Ross procedure.92 94 However, in patients with multiple leaflet fenestrations,
severe aortic regurgitation or asymmetric cusp prolapse, the Bentall procedure is still treatment of
choice.87 Only long term prospective randomised trials can answer the question if the reductions of
risks in the short and medium term weighs up against the risks of at least one redo surgical
procedure or intervention that can be expected for most patients in the future.

Hybrid procedures
A new development in therapy for CHD is the combination of surgical and interventional techniques,
especially in the treatment of primary or secondary branch pulmonary artery stenosis, which is a
common problem in patients with congenital heart disease, for example after surgical correction of
tetralogy of Fallot, pulmonary atresia with VSD or truncus arteriosus. Percutaneous stenting is now
an established treatment modality for older children and adults with branch pulmonary artery (PA)
stenosis, although high rates of early complications are reported.95 97 Traditional surgical patch
angioplasty for branch PA stenosis has major drawbacks like difficult surgical access and
disappointing outcome in the long term. For example, in tetralogy of Fallot severe stenosis can
develop at the site of a previously closed Waterston shunt in the right pulmonary artery branch right
behind the aorta. In order to reach the stenosis a transverse aortotomy is necessary but after repair
the patch angioplasty will again be compromised by the closed ascending aorta. In such cases, a
hybrid stenting procedure may be helpful and can be performed at the time of pulmonary valve
replacement. During this procedure the stent is placed under direct visualization, which will only take
some minutes. Furthermore, complications of percutaneous stent placement, such as hemodynamic
instability and vascular tear, can be avoided or easily addressed in the operative setting with
cardiopulmonary bypass, thereby making the procedure safe and effective. Promising results of
hybrid procedures have been reported by which the risk of early complications associated with
percutaneous techniques, may be reduced.98;99

Pulmonary hypertension
Increased pulmonary blood flow can cause endothelial dysfunction and vascular remodelling in the
pulmonary vascular bed, which leads to increased pulmonary vascular resistance and an extra burden
on the right ventricle. In extreme cases, ever increasing pulmonary vascular resistance results in
reversal of the initial shunt; the Eisenmenger syndrome.



Medication for pulmonary hypertension
In class I (Venice 2009) pulmonary arterial hypertension, pharmacological agents specifically
targeting pathophysiologic pathways have been shown to improve exercise capacity, hemodynamics
and delay clinical worsening in both advanced and mild disease.100 102 Although prognosis in patients
with pulmonary arterial hypertension, secondary to congenital heart disease is often better in than
those with idiopathic PAH, the same pathways seem to be involved.102;103 Accordingly, some of these
targeted therapies have been studied in patients with CHD.104 107 One of these is the endothelin
antagonist bosentan which promotes vasodilatation and antiproliferation of smooth muscle cells.
Initially, it was believed that concomitant vasodilation in systemic circulation might lead to increase
of right left shunt and increase in cyanosis. However, in a recent trial evaluating the efficacy of the
endothelin antagonist bosentan in patients with Eisenmenger syndrome, no such effect was
observed.106 Patients on bosentan had a significantly improved walking distance compared to
patients who received a placebo. A small study with sildenafil described improvement of quality of
life, NYHA functional class and exercise capacity in patients with Eisenmenger syndrome.108 Improved
exercise walking distance, functional class and hemodynamics have challenged the notion that
Eisenmenger syndrome is a stable or worsening disease. Nowadays combination therapy of
endothelin receptor blockers with NO and prostacyclin are under evaluation.

Interventions for pulmonary hypertension

Percutaneous VSD closure
Before the occurrence of irreversible pulmonary changes due to long standing increased pulmonary
blood flow through an atrial or ventricular defect, closure of the septal defect is indicated. Timely
closure may prevent irreversible damage of pulmonary vessels and subsequent right ventricular
failure. Whereas transcatheter closure of atrial septal defects has been well established for several
decades, the percutaneous closure of ventricular septal defects (VSD) has been developed more
recently. Patients with a hemodynamic significant VSD are not only at risk of pulmonary
hypertension, but they also bear an increased risk of arrhythmias, aortic regurgitation, infective
endocarditis, ventricular dysfunction and sudden cardiac death. Accordingly, closure at adult age is
required in the 10 percent of VSD patients in whom a hemodynamic significant defect is detected in
adulthood and in those with already diagnosed VSD who develop complications.

Traditional treatment is surgical repair. It carries a low peri operative mortality and a high
closure rate. However, the potential risk of complete heart block, chylothorax, phrenic nerve injury,
early and late arrhythmias, postpericariotomy syndrome, wound infection and neurologic sequelae
of cardiopulmonary bypass remains. In addition, hospital stay is considerable as is its cosmetic impact
(scar).

Initial difficulties with percutaneous VSD closure included ill adapted devices and
consequently poor results with a high percentage of residual shunting. Moreover, inlet/AV canal and
outlet VSDs remain unsuitable for device closure. On the other hand, the development of devices of
the Amplatzer family specifically designed for ventricular septal defects have led to success rates of
around 96% in both muscular as perimembraneous defects. Major complications occur in around 2%
and include conduction abnormalities, embolisation of the device, impingement of tricuspid, mitral
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or aortic valves, and aortic regurgitation. Moreover, arrhythmias are commonly reported although in
adults these are often transient, rarely requiring treatment.

Endocarditis
The incidence of infective endocarditis varies between 1,4 and 11,5 cases per 1000 patient years in
the CHD population, which significantly higher than the general population, where the incidence is
5,0 to 7,0 cases per 100.000 patient years.109;110 Patients with CHD have a higher risk as a result of
cardiac surgery as well as conduits, shunts and prostheses providing targets for infection. Historically,
antibiotic prophylaxis before procedures with a possible risk of bacteremia was advised in all patients
with an increased risk of IE among which patients with CHD. However, the cumulative risk of
bacteremia from everyday events, such as brushing teeth is much larger than that from dental,
gastrointestinal and genitourinary procedures.111 In addition, antibiotic prophylaxis will prevent IE in
only a small number of patients.112;113 As a consequence, current ACC/AHA and ESC guidelines no
longer recommend prophylaxis before dental procedures in patients with an increased life time risk
of IE, but only in patients with the highest risk of an adverse outcome from IE.114

Conclusion
It is clear that there is a great difference in severity of symptoms and burden of illness due to the
various congenital heart defects. In the case of the more complicated defects, surgery has
spectacularly increased life expectancy. As the number of adult patients increases so will the need for
interventions during adulthood, either first time interventions or redo operations. New
developments in catheter based interventions have led to risk reducing procedures where patients
may avoid sometimes temporarily redo surgery. The choice between catheter based interventions
and traditional surgery will require careful analysis of the pros and cons. Both treatment options are
still developing in order to reduce morbidity and improve long term outcome.

Until recently, there was hardly any role for drug treatment in adults with CHD. This situation
has changed, because heart failure, arrhythmias, pulmonary hypertension and aortic aneurysms have
become an increasing problem in this population. (Table 2) The whole armamentarium of existing
and new drugs for treatment of heart failure in the general population is available for CHD patients,
but their efficacy in the CHD population, where often right sided failure is more prominent, is not yet
known. The results of various ongoing trials have to gain insight into effective options for treatment
of right ventricular failure.



Future perspectives
One of the major set backs in adult congenital heart disease is the current lack of evidence based
knowledge. To a large extent, this is unavoidable. The range and scale of congenital heart disease is
so diverse, while numbers of comparable patients are so small, that studies often lack power. But
patient numbers are increasing and evidence is accumulating. Thus the evaluation of different
treatment options and weighing the evidence for or against alternatives will become more
sophisticated.

An example, in which increasing knowledge about the pathophysiology of disease has led to a
new impulse to drug treatment is Marfan syndrome. New findings regarding the mechanisms
through which the fibrillin gene defect gives rise to the pathology of disease, involving Transforming
Growth Factor , have led to a renewed search for drugs that might slow down the disease process.
Also the use of endothelin receptor blockers and other agents in the treatment of pulmonary
hypertension may be mentioned in this context.

Until recently, it was assumed that hereditary factors had no role in congenital heart defects
with the exception of defects occurring in the context of well known syndromes, such as trisomy 21
and 22q11. Heart defects in newborns were simply considered to be freaks of nature. However, this
perception has changed radically over the past decade. The main driving force behind this paradigm
shift has been the developments in molecular genetics and molecular embryology. Recent years have
seen the creation of patient registries and DNA databases.115 Linkage analysis has already led to the
discovery of several genes that are associated with heart defects.116;117 These successes will certainly
lead to an intensified search for genes and will require cooperation between basic science, clinical
practice, and genetic epidemiology. The expectation is that greater understanding of the genetics of
the embryologic formation of the heart will provide clues to new therapies, for both congenital heart
disease and non congenital heart disease. In heart failure, for example, “foetal gene programs” are

Table 2. 
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believed to be re activated. In particular, the success of stem cell therapy to supplement or replace
damaged heart tissue will depend on improved understanding of heart cell differentiation. The
recent finding that the right ventricle largely originates from a different group of precursor cells than
the left ventricle emphasises the interest of the more prominent role of the right ventricle in CHD.
Continued studies of the right ventricle in CHD might further help to elucidate what distinguishes the
two ventricles from each other. Epidemiological tools may help in identifying important phenomena,
and by suggesting ways of analysis.

Catheter interventions in CHD will undergo further improvement with increasing technical
advances. Percutaneous pulmonary valvular implantation has the potential to become the standard
procedure in dysfunctional RVOT conduit but probably also in dysfunctional RVOT without conduit.
Within several years, it is expected that percutaneous valves will be developed for CHD patients with
dilatation and aneurysm of the RVOT. In the longer run, percutaneous aortic valve implantation
might also become available for CHD patients with aortic valve stenosis.

Executive Summary

Adult patients with congenital heart disease (CHD)
Since surgery has become available in adults with CHD, survival has improved. However, little is
known on long term survival.

Heart Failure
Heart failure is one of the main causes of death, with a heterogeneous origin in CHD patients.

Clinical studies are hampered because of small patient groups due to the heterogeneity of the
patient population.

Cardiac resynchronisation therapy may improve ventricular function in some patients with CHD
Percutaneous pulmonary valve replacement has the potential to become the standard procedure in

RVOT obstruction and pulmonary regurgitation.

Pulmonary Hypertension (PAH)
Similar pathways seem to be involved in CHD patients with PAH (CHD PAH) as compared to

idiopathic pulmonary hypertension. However prognosis in CHD PAH seems to be better.
The use of endothelin receptor blockers and other agents have improved functional class in patients

with CHD PAH
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