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Introduction:

Cardiac malformations occur in approximately 1% of live
births. Advances in surgery, interventional cardiology, and
medical care have translated into increasing numbers of
adult patients with congenital heart disease. These patients,
even after intervention, have cardiac sequelae that require
specialized care by cardiologists and cardiac surgeons with
expertise in the management of congenital cardiac disease.1

Nowadays, it is estimated that 85% of the infants born with
congenital heart disease (CHD) will survive to adulthood.
The clinical profile and disease pattern of adults with CHD
is changing. The prevalence of certain adult CHDs, such as
tetralogy of Fallot, transposition of the great arteries or
univentricular heart, is rising, but these conditions have
practically become new diseases as a result of therapy. Most
surviving patients present residua, sequelae, or
complications, which can progress during adult life. These
disorders can present electrophysiological disturbances,
valvular disease, persistent shunts, myocardial dysfunction,
pulmonary or systemic vascular disease, problems caused
by prosthetic materials, infectious complications,
thromboembolic events, or extravascular disorders
involving multiple organs or systems.

In tetralogy of Fallot, the most striking problems that affect
long-term prognosis are pulmonary valve regurgitation, right
ventricle dysfunction, and atrial or ventricular arrhythmias.

The main problems appearing after physiological atrial
repair of transposition of the great arteries are related to
right ventricular function and atrial arrhythmias.

 Surgical repair of univentricular heart using Fontan
techniques should be considered a palliative procedure
that does not modify the underlying structural disorder
and exposes the postoperative patient to severe
complications and problems.

The increase in the number of patients with CHD who
will reach adulthood in the coming decades makes it
necessary to carefully consider the new healthcare
demands that are being generated, who should be
responsible for them, and how and where solutions can be
found.

Abbreviations

CHD: congenital heart disease.
ASD: atrial septal defect.
VSD: ventricular septal defect.
TF: tetralogy of Fallot.
TGV: transposition of great vessels.
ACHDU: adult congenital heart disease unit.
Arrhythmias and sudden death

In tetralogy of Fallot, the most striking problems that affect
long-term prognosis are pulmonary valve regurgitation,
right ventricle dysfunction, and atrial or ventricular
arrhythmias.

Adults with operated TF experience frequent episodes of
ventricular tachycardia or atrial tachyarrhythmia (flutter
or fibrillation). These arrhythmias sometimes induce

syncope or sudden death. A linear incidence of sudden
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death of 0.4% annually during the first 25 years after the
intervention has been estimated, and the incidence grows
exponentially from the first 25 years on.1 The arrhythmia
substrate may be related to surgical scars, although the
dilation of the right ventricle and atrium induced by the
pulmonary and tricuspid insufficiency acts as a trigger
factor.2 It has recently been confirmed that the patients
with the greatest risk of atrial and ventricular arrhythmias,
including sudden death, are those that have severe
pulmonary and/or tricuspid insufficiency and develop a
marked cardiomegaly, progressive widening of the QRS
complex, and an increase in the dispersion of the QT
interval.3,4 A cardiothoracic index >60%, QRS duration
>180 ms and QT dispersion >60 ms are markers of risk
that are easy to obtain at the bedside of the patient.5

Residual shunts

Residual shunts are not infrequent. Residual VSD after
surgical repair is detected frequently on postoperative
echocardiogram. Residual VSD with a mean diameter of
3 mm, greater may be less likely to close spontaneously
after three  years .The most frequent location is the
interventricular patch, although some patients may have
an extracardiac shunt related with surgical fistulas or
unligated aortopulmonary collateral vessels. Percutaneous
VSD closure is a well-established procedure with a low
severe adverse event rate. There are  two risk factors for
residual shunting: VSDs after surgical closure and use of
Oversized Membranous Amplatzer  occluder may cause
complete heart block .

Atrial Septal Defect (ASD) is one of the most common
congenital cardiac defect. Even though surgical repair of
ASD is the current method of choice but percutaneous
device closure is rapidly gaining popularity as it is less
invasive. Dislodgment and embolization of the device may

occur requiring urgent surgical retrieval.  Some patients may
have a permeable foramen ovale or an ASD not closed in
the correction. This has been cause of paradoxical embolism
in some cases. Most residual interatrial or aortopulmonary
shunts can be treated with percutaneous procedures.

Residual shunts in post ligation PDA can occur in
approximately 6% of cases. Even though spontaneous
closure of silent PDA might occur within 3-6 months, 7%
of patients will require a second procedure to close the
shunt (6). Patients with a small and hemodynamically
insignificant PDA often remain asymptomatic and may
never develop symptom.7

Reintervention in adulthood

Very recent findings suggest that surgical reintervention
to correct pulmonary insufficiency with a valvular
prosthesis and tricuspid insufficiency by annuloplasty
decreases the incidence of atrial and ventricular
arrhythmias, especially if surgical repair is accompanied
by ablation of the reentry circuit.8 In most cases, the
dilation and systolic dysfunction of the right ventricle do
not remit after surgery.

Dysfunction of the systemic right ventricle

Patients with TGA  have a special anatomic situation in
which the right ventricle is connected to the aorta and
must bear systemic circulation. The use of the Mustard
and Senning techniques for atrial physiological repair
means that many patients have a right ventricle that is
surgically connected to the aorta. In the postoperative
follow-up, a large number of patients present systolic
dysfunction of the right ventricle at rest or after physical
exercise.9,10,11 As adults life, most of them are clinically
well, but have a reduced capacity for effort.12 Some
develop chronic heart failure .The cause of postoperative
right ventricular dysfunction is multifactorial.13 

Figure 1: Device closure of residual postopertive VSD with Coccoon VSD occlude device. a LV angiography showed

residual VSD (black arrow). b transesophageal echocardiography and color Doppler revealed residual VSD (white

arrow) with significant amount. 
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Cardiac rhythm disorders

The most frequent rhythm disorders atrial switch are
symptomatic sinus bradycardia, slow nodal rhythms, and
paroxysmal or sustained supraventricular tachycardia,
principally atrial flutter. The cause lies in the lesion of the

sinus node during surgery and the atrial scars that interrupt
the preferred internodal conduction pathways, which form
the substrate for reentry circuits.14

The current indications for a permanent pacemaker in
patients with TGA are complete AV block, sustained heart
rates of less than 30 beats/min, documented Stokes-Adams
episodes, severe ventricular systolic dysfunction with
bradycardia, and the need to begin treatment with
antiarrhythmic drugs that depress sinus function even
more.

Valvular dysfunction

Insufficiency of the tricuspid valve, which is located on
the systemic ventricle, can appear after surgical atrial
correction. This complication is more prevalent in patients
with a large VSD that has been closed with a septal patch.15

Some patients present stenosis of the left ventricular
outflow tract of subvalvular location.

Arterial correction

Arterial correction with the Jatene technique is replacing
atrial correction in most hospital centers. The most frequent
complication is pulmonary supravalvular stenosis16

followed by the less frequent aortic supravalvular stenosis.

This dilation can induce annulectasia However, a relatively
high incidence of stenosis or occlusion of main coronary

arteries has been detected even in patients who survive
the intervention with no apparent perioperative
complications17,18

UNIVENTRICULAR HEART

The term univentricular heart (UH) defines complex
congenital heart disease that lacks a pulmonic ventricular
chamber either in the original anatomy or the final
palliation. The prevalence of patients with this type of
physiology continues to increase due to improved surgical
palliative procedures.

From Glenn to Fontan

In 1958, Glenn established the therapeutic basis for
eliminating the right side of the heart from the pulmonary
circuit as an alternative to systemic-pulmonary fistulas(19).
Glenn´s original intervention consisted of end-to-end
anastomosis between the superior vena cava and right
pulmonary artery.

Obstruction and thrombosis

The atrial or cavopulmonary connections may become
obstructed by stenosis or kinking of the pulmonary arteries,
retraction of suture lines, intrinsic degeneration of valvular
prostheses, neointimal proliferation of conduits,
calcification and the rigidity of prosthetic materials, or
intraluminal thrombosis. The high incidence of thrombosis
found in some series suggests that most adult patients
should receive permanent anticoagulant treatment if no
specific contraindications are present(20). Another long-
term complication is the obstruction of the left ventricular

outflow tract.

Figure 2:  (a) Transoesophageal echocardiogram with colour doppler showing presence of left to right shunting

across the atrial septal defect.   (b) Echo view of residual atrial septal defect
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Persistent shunts and valvular insufficiency

After Fontan surgery, many patients have persistent shunts.
The insufficiency can appear in very late phases of
evolution and may have a progressive nature.21

Atrial arrhythmias and congestive heart failure

Atrial arrhythmias, especially atrial flutter and tachycardia
due to macroreentry. The prevalence of atrial arrhythmias
in the follow-up of adults with Fontan physiology varies
from 40% to 60% in different studies.22,23

Valvular dysfunction

Insufficiency of the tricuspid valve is more prevalent in

patients with a large VSD that has been closed with a septal
patch.24

Arterial correction

Arterial correction with the Jatene technique is replacing
atrial correction in most hospital centers.25  The most
frequent complication is pulmonary supravalvular
stenosis26,27 followed by the less frequent aortic

supravalvular stenosis.

Single-Ventricle Heart

These are generally serious and complex CHDs with scant
natural survival to adulthood and cardiologists for adults
are not very familiar with them. Cardiologists who treat
adults must approach them as if they were a homogeneous

disease.

From Glenn to Fontan

In 1958, Glenn established the therapeutic basis for
eliminating the right side of the heart from the pulmonary
circuit as an alternative to systemic-pulmonary
fistulas.28 Glenn´s original intervention consisted of end-
to-end anastomosis between the superior vena cava and

right pulmonary artery.

Obstruction and thrombosis

The main complications of long-term Fontan are   atrial
or  cavopulmonary connections may become obstructed
by stenosis or kinking of the pulmonary arteries, retraction
of suture lines, intrinsic degeneration of valvular
prostheses, neointimal proliferation of conduits,

calcification and the rigidity of prosthetic materials, or
intraluminal thrombosis.29

Persistent shunts and valvular insufficiency

After Fontan surgery, many patients have persistent shunts
that can be produced by dehiscence of patches ,
aortopulmonary anastomoses, or the development of
pulmonary arteriovenous fistulas.

Protein-losing enteropathy

One of the worst long-term consequences of the Fontan
operation is protein-losing enteropathy, which produces
refractory ascites, generalized edema, and massive pleural
effusion.30

Revision of the Fontan operation

In patients with symptomatic atrial arrhythmias or severe
protein-losing enteropathy that does not respond to
medical treatment, revision of the Fontan intervention in
adult life can be necessary.

Needs of Adults with Congenital Heart Disease

The large increment in the number of patients with CHD
who will reach adulthood in the coming decades demands
careful consideration of the new needs for care that are
being generated, who will be responsible for providing
care, and where it will be carried out. The physiology of
many previously repaired or palliated CHDs can be
difficult to understand for cardiologists .

In every hospital, ACHDU should be formed by at least
one cardiology specialist and an expert in CHDs, heart
surgeons  expert in pediatric and adult problems, as well
as anesthetists with training and experience in both
fields. Invasive (catheterization, electrophysiology) and
non-invasive studies (echocardiography, stress techniques,
radionuclide medicine, magnetic resonance imaging) must
be performed preferentially in adult units by specialists
who are experts in CHDs. The ACHDU should also have
access to a clinic for high risk pregnancies, a cardiac
rehabilitation unit with special knowledge of congenital
problems. A fluid relation with the areas of clinical genetics
(genetic counseling), hematology (blood dyscrasias),
neurology (neurological syndromes), traumatology
(skeletal malformations), and other specialized areas is
important.

It has been estimated that 45% of adults with CHD do not
need routine follow-up in a specialized unit. For another
30%, the responsibility for care must be shared between
the specialized unit and clinical cardiologist.31 Ideally,
each adult patient with CHD would have to be examined
at least once in an ACHDU and returned to the community
if a highly specialized follow-up is not necessary.
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