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Abstract: Life expectancy of patients with congenital heart disease (CHD) continues to increase
dramatically over the last few decades, primarily due to significant medical and surgical advancements
in the field. Adult congenital heart disease (ACHD) patients are now living longer but continue to face
morbidity and reduced long-term survival when compared to the general population. We briefly describe the
growth of ACHD with a focus on surgical procedures and outcomes in the more complex congenital heart
defects including Tetralogy of Fallot, Ebsteins Anomaly of the tricuspid valve, Coarctation of the Aorta,
Transposition of the Great Arteries and single ventricle lesions. The advancing role of mechanical circulatory
support and cardiac transplantation in ACHD patients is also highlighted. Cardiac surgery in these patients

continues to improve with low surgical mortality rate and outstanding long-term outcomes and efficacy.
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Introduction

The overall population of adults with congenital heart
disease (CHD) has been rising due to improvements in
the diagnosis and treatment of CHD; there have been
significant advancements in both the medical and the
surgical care of these patients over the last six decades.
Cardiac surgeons, general cardiologists and CHD sub
specialists are encountering challenges as these adult
patients develop new comorbidities. Patients often require
long-term follow up with lifelong cardiac problems and
sometimes need re-operation on surgical repairs that were
done many decades ago. This brief review examines the
prevalence of adult congenital heart disease (ACHD), the
description of surgical procedures and outcomes of some of
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the more common complex CHD lesions and the surgical
procedures associated with them, as well as the increasing
role of mechanical circulatory support (MCS) and the need
for cardiac transplantation.

Prevalence of Adult CHD

CHD consists of malformations during the development of
the heart and great vessels in utero. Although the anomalies
and defects in the cardiovascular system may be diagnosed
later in life, they are present at birth. In the United States,
approximately 1% (8.14 of 1,000) of births per year
have CHD (1). Many of these patients did not survive to
adulthood in the past, but over the last few decades, there
have been an increase in the survival rate due to medical
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and surgical advancements. Innovations in the field of
CHD surgery and the move towards surgical correction
and definitive repair instead of palliative procedures led
to an increase in the number of survivors (2). Gilboa
et al. showed a decrease in the mortality and an increase in
lifespan; rather than deaths in infancy, the age at death has
been steadily increasing (3). While we know the prevalence
of CHD in newborns, the prevalence of ACHD has been
more difficult to define (4). Studies are now not only
looking at the prevalence at birth but also the percentage
that survive into their teenage years and become adults (2).
The estimated number of ACHD worldwide in 2010 was
1.4 million (3). This population with ACHD continues to
grow as we improve the survival rate leading to a group of
patients with unique health needs (1,5,6).

Coarctation of Aorta (CoA)

CoA is seen in approximately 4 per 10,000 live births and
represents 4 to 6 percent of all CHD (7,8). CoA sometimes
only affect the narrowing of the aorta, but can commonly be
associated with other lesions including simple intracardiac
shunt defects like a ventricular septal defect (VSD) or a
bicuspid aortic valve. CoA can also be associated with more
complex CHD such as hypoplastic left heart syndrome,
transposition of the great arteries and atrioventricular canal
defects. The diagnosis of CoA is often missed until infants
develop congestive heart failure (CHF) or when older
children and adults develop hypertension. Complications in
patients who were unoperated or operated on during their
teenage years or as an adult include accelerated coronary
artery disease, stroke, aortic dissection, heart failure, and
systemic hypertension.

Most commonly CoA is a discrete fibrotic posterior
ridge which narrows the aorta at the insertion of the
ductus arteriosus, with some infolding of the medial and
superimposed neointimal tissue (9,10). This localized
constriction forms a shelf like stricture, with either an
eccentric, central or membranous like opening. It is more
common for the coarctations to be discrete or sometimes
it may affect a longer segment of the aorta. A coarctation
segment that is proximal to the ductus arteriosus is known
as the preductal (infantile) type and CoA that is distal to the
ductus arteriosus is known as the postductal (adult) type.

CoA is a lesion that requires lifelong cardiology follow
up; patients need to be monitored for their associated
anomalies, recurrent obstruction of the aorta, and ensure
that the hypertension is under control. Autopsy studies
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in the past have shown that patients with CoA without
surgical repair have a mean age of 35 years old with a
mortality rate of 90% by the age of 50 (11). Comorbidities
and complications that could result in death include CHE,
hypertension, endocarditis, intracranial hemorrhage, and
aortic rupture or dissection.

The American College of Cardiology (ACC), the
American Heart Association (AHA), the European Society
of Cardiology (ESC) and the Canadian Cardiovascular
Society all recommend correction of CoA at an early age.
The morbidity and mortality of patients with CoA are
reduced when interventions are performed during their
childhood years (12-15). However, if the child or adolescent
is asymptomatic and preoperative evaluation rules out
severe CoA and concerning associated anomalies, then
repair is undertaken on an elective basis. The exact timing
of intervention on these patients have been debated. If they
are having CHF or significant hypertension, then it is an
indication for either catheter based or surgical intervention.
Since the 1940%, as initially performed by Crafoord and
Nylin, the preferred treatment for CoA remains directed
surgical therapy. The decision to perform percutaneous
stent placement versus surgical correction is made on a
case-by-case basis for those patients with sub-optimal
anatomy (e.g., vessel tortuosity and/or transverse arch
hypoplasia) often in collaboration with a multidisciplinary
team. When there is a discrete CoA, balloon angioplasty
or a transcatheter intervention with stent placement rather
than surgical repair is recommended if the patient is large
enough for the placement of an adult-size stent (weighing
>25 kg) (13).

Surgery has a long track record of effectiveness, low
operative mortality and low risk of spinal injury in the
modern era. The surgical approach for CoA depends on the
patient’s size, age at presentation, arch anatomy, and their
associated lesions. Several different surgical techniques have
been described in the literature which include resection
with end-to-end anastomosis, patch or left subclavian flap
aortoplasty, and tubular bypass grafts. Depending on the
individual’s anatomy, these procedures may need to be
merged or modified (16). If there is complex arch repair,
a median sternotomy might be necessary rather than the
classic left lateral thoracotomy surgical approach. Over the
years, these surgical techniques have also been improving.
Historically, in infants and children in the presence of a
hemodynamically significant VSD, a pulmonary artery
band is often placed to limit pulmonary blood flow during a
left thoracotomy for coarctation repair. In the present day,
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patients (even neonates) can have a more definitive single-
staged repair by proceeding with a sternotomy to correct
both the coarctation and the VSD (16-18).

CoA surgical repairs in children and adolescents
generally have decent results with a low mortality
rate, but complications continue to remain a problem.
Long term complications that can develop include
aneurysms particularly in those patients who have had a
prosthetic patch for CoA repair, subclavian flap repair,
or have had prior angioplasty. Rare cases of paraplegia
and paradoxical hypertension after surgical repair have
been reported. Patients can also develop significant
re-coarctation at the site of prior repair (16-18).
These complications are usually mild and inconsequential
following balloon angioplasty (19,20). Risk factors
for mortality include preoperative hypertension and
older age at initial repair. Though still being elucidated,
late mortality in patients with CoA has been associated
with underlying coronary artery disease, sudden cardiac
death, heart failure, cerebrovascular accidents, and ruptured
aortic aneurysms. The operative and procedure-related
mortality are rare (<1 percent of cases) with ten-year
survival following CoA repair being more than >90 percent,
but with these complications, the long-term survival is
decreased compared with the general population (21,22).

Ebstein Anomaly

Ebstein’s anomaly is a rare congenital heart disorder (1 per
200,000 live births), accounting for about 0.3% to 0.7% of
all cases of CHD. The true prevalence is unknown because
patients with mild forms of this defect are frequently not
diagnosed till later in life since their lack of symptoms may
prevent the underlying pathology from being discovered
until adulthood (23,24). The primary abnormality in
Ebsteins anomaly occurs during embryonic development
of the cardiovascular system, when there is a failure of
delamination of the posterior and septal leaflets of the
tricuspid valve from the myocardium of the right ventricle
resulting in the displacement of the attachment of the
septal leaflet of the tricuspid valve into the body of the right
ventricle. This causes a large portion of the right ventricle to
become “atrialized”. This “atrialized” segment of the right
ventricle does not contribute to right ventricular function
and cardiac output. In severe cases, the non-atrialized part
of the right ventricle remains small and may consist of
only the right ventricular outflow tract. In addition to the
apical displacement of the tricuspid valve, the tricuspid
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valve leaflets are often abnormal. The morphology of the
tricuspid valve in Ebstein’s anomaly is variable and may
affect the severity of the clinical presentation. Typically, the
anterior leaflet is the largest leaflet and is usually attached
to the tricuspid valve annulus. Due to the displaced and
malformed tricuspid leaflets, and atrialization of the right
ventricle result in varying degrees of tricuspid regurgitation
and other associated hemodynamic consequences. The
extent of leaflet displacement will determine the severity
of the tricuspid regurgitation with mild regurgitation for
minimally displaced tricuspid leaflets regurgitation and
severe regurgitation in extremely displaced tricuspid leaflets.

The treatment varies depending on the severity of
the disease and its associated congenital, structural,
and electrical abnormalities (25). Associated lesions
include atrial septal defects, other valvular lesions, and
accessory conduction pathways such as Wolff-Parkinson-
White (WPW) syndrome. The mean age patients are
diagnosed with Ebsteins anomaly is in the middle teenage
years. When diagnosed in infancy, they usually have
severe disease and a less favorable prognosis, however
approximately 5% of patients with Ebsteins anomaly of
the tricuspid valve may survive several decades into
adulthood (24,26).

Treatment involves surgical procedures that offer
correction of the tricuspid valve, atrialized right ventricle,
intracardiac defects, surgical techniques to eliminate
arrhythmias as well as palliative procedures in the neonates
as a bridge to more definitive surgical treatment later in life.
In patients aged 50 years or older with Ebstein anomaly,
surgery is associated with good long-term survival and
improved functional status, although long-term survival
might be improved by performing surgery earlier (27).

Over the last few decades, various different surgical
techniques are offered to treat structural abnormalities of
the tricuspid valve. When possible, tricuspid valve repair
is preferred over valve replacement. Bioprosthetic valves
are preferred over mechanical prosthetic valves if surgical
replacement is chosen. When needed, the markedly dilated,
thin-walled right atrium can be resected and associated
septal defects can be closed. It is important to understand the
surgical plication techniques of the ventricular wall since the
size of the RV is reduced by folding the wall of the atrialized
ventricle (28,29). Carpentier described the disconnection
of parts of the anterior and the posterior leaflet from the
functional annulus at the hinge point, thereby gaining
access to the multiple attachments behind the leaflets that
prevent leaflet mobility (30). The cone repair performed
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by Da Silva is a technique for the surgical reconstruction
of the tricuspid valve and the RV in Ebstein anomaly. The
leaflets are longitudinally attached to each other with a
running suture such that the valve, which initially consisted
of three separate leaflets is transformed into a valve with a
single circular, cone-shaped leaflet, covering 360 degrees of
the true tricuspid annulus and is called a “cone-valve” (31).
A tricuspid valve replacement can be done when warranted.
The prosthesis is placed at the height of the true tricuspid
annulus, often with a horizontal plication of the valve
annulus. To avoid damage to the atrioventricular (AV) node,
the septal suture line is placed in front of the coronary
sinus, thus draining the coronary sinus directly into the
RV (28,29,32).

The majority of patients who originally presented
with arrhythmias were symptom free after tricuspid valve
repair even without concurrent antiarrhythmic surgery.
However, patients should be carefully evaluated and
antiarrhythmic surgical procedures should be considered if
open heart surgery is already being performed for Ebstein
anomaly. The antiarrhythmic surgical procedures involve
the accessory pathways or AV-nodal reentry tachycardia,
and procedures for atrial fibrillation or atrial flutter
including the Maze procedure (27,32,33). Palliative surgical
procedures have also been utilized which include creation
of an atrial septal defect, closure of tricuspid valve with
plication of the right atrium, and maintenance of pulmonary
blood flow by creating a surgical aortopulmonary shunt.
These procedures usually are reserved for severely ill infants
with grave prognosis and are rarely performed in adults.

Tetralogy of Fallot (ToF)

ToF is a congenital cardiac defect that comprises of right
ventricular outflow tract obstruction (RVOTO) VSD, aorta
dextroposition (overriding aorta), and RV hypertrophy. ToF
is not only one of the most common congenital heart defects
representing approximately 7-10% of all CHD, but also one
of the most common cyanotic CHD with 0.23-0.63 cases
per 1,000 births (34). In adults, ToF has a prevalence of ~ 1
in 3,500 to 1 in 4,300 with a 75% survival at 30 years (34).
Patients without treatment have a mortality rate of 50% by
age six, but with advancements in cardiac surgery, children
with simple forms of ToF enjoy excellent long-term survival
and quality of life (35,36).

Most adult patients with repaired ToF present with
symptoms usually after the second or third decade of
life (35). A small proportion of patients mild unrepaired
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tetralogy or patients with a palliative procedure (e.g.,
shunt placement) may present as adults without any prior
reparative surgery (37). Overall, children with repaired ToF
survive into adulthood, but an emphasis in long term follow
up in cardiology clinics is essential. Males and females
appear to be affected equally with symptoms as they age (35).
After the first two decades of life, patients often have
symptoms secondary to pulmonary valvular regurgitation (38).
By the fourth or fifth decade of life, most survivors may
become significantly symptomatic (39).

Shunt placement to relieve cyanosis was the first
surgery used to repair ToF. Primary repair is currently
recommended within the first 12 months of life with
excellent results. Though ToF was first described earlier,
no treatment was available until the 1940s. In 1944, Alfred
Blalock operated on an infant with ToF and created the
first Blalock-Taussig shunt between the subclavian artery
and the pulmonary artery (40). The Blalock-Taussig shunt
heralded a new era in neonatal cardiac surgery leading to
the development of the Potts shunt (from the descending
aorta to the left pulmonary artery), the Glenn shunt (from
the superior vena cava to the right pulmonary artery), and
the Waterston shunt (from the ascending aorta to the right
pulmonary artery). In 1954, Walton Lillehei performed the
first successful open surgical repair for ToF using controlled
cross-circulation, with another patient serving as oxygenator
and blood reservoir (41,42).

Surgery to repair ToF in adults is done under
cardiopulmonary bypass using cardioplegia. Once the heart
is arrested, the VSD is patched closed, the infundibulum
is surgically widened, and the pulmonary valve is repaired.
Unlike in infants, transannular patching is infrequently
performed in adult patients. Most surgeons replace or
repair the pulmonary valve in adults rather than placing a
transannular patch (43).

Pulmonary valve replacements are the preferred
treatment for patients with pulmonary valve insufficiency
since it has shown to decrease the RV back to a normal
size and improve its function in the long term. This
improvement in insufficiency and change in size and
function, however, does not change the incidence of
arrhythmias. (44). Nevertheless, surgery is eventually needed
for adult patients with pulmonary valve insufficiency, but
the timing of when it should occur remains debatable (45).
The surgeons can implant one of two types of bioprosthetic
valves, which are human tissue (homografts) or animal
tissue (bovine pericardium or porcine heart valve). Both
types of valves can be implanted either as part of a conduit
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in the RVOT or as denovo valves (45).

Tissue valves do not require anticoagulation, but they
are also not lifelong; nearly 40-50% of the bioprosthetic
valves will need to be replaced within the first decade after
implantation. Since most of the adult patients with ToF
are only in their second and third decade of life, it is likely
these young patients may need to undergo more than one
surgical procedure as they reach their thirties and forties.
There have been a few surgical series on adult patients with
varying postsurgical results. Data shows a survival rate in
excess of 90%, ten years after pulmonary valve replacement.
Though the short term results of valve replacements are
excellent, the long-term outcomes are considered fair (46).
In the new era, innovations in endovascular technology have
introduced various percutaneous interventions, with data
suggesting that these techniques are both feasible and safe.
Transcatheter pulmonary valves such as the Melody valve
can be implanted via the femoral vein with fluoroscopy
guidance (47). Although several factors have been identified
to affect the survival of these patients, some of them such
as planning of the surgical strategy are modifiable. The
overall long-term transplant-free survival in repaired ToF is

excellent (38,48).

Transposition of the Great Arteries

Transposition of the great arteries (T'GA) is one of the most
common cyanotic congenital heart diseases in the newborn
period. Despite its overall low prevalence, TGA is found
in 5-7% of all patients with CHD. The annual incidence
is approximately 20-30 per 100,000 live births and it has a
multifactorial inheritance. The hallmark is ventriculoarterial
discordance, in which the aorta arises from the morphologic
RV and the pulmonary artery arises from the morphologic
left ventricle. Although described over two centuries ago,
no dedicated surgical treatments were available until the
middle of the 20th century. Surgical atrial septectomy
was performed in the 1950's and the first percutaneous
balloon atrial septostomy was done in the 1960s. These
were palliative procedures however therapeutic surgical
procedures (atrial switch operation including the Mustard
or Senning procedures) and anatomic repair (arterial switch
operation) have evolved over the last few decades (49,50).
With continuous improvement in these surgical procedures,
the survival rate for infants born with TGA is now greater
than 90%. The anatomic classification of TGA depends
on the relationship of the great arteries to each other and/
or the infundibular morphology. In approximately 60% of
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infants born with TGA, the aorta is anterior and to the right
of the pulmonary artery [dextro-transposition of the great
arteries (d-T'GA)]. However, in a subset of infants, the aorta
may be anterior and to the left of the pulmonary artery
[levo-transposition of the great arteries (I-T'GA)]. Most
patients with TGA (regardless of the orientation of the
great arteries) have a subaortic infundibulum, an absence
of subpulmonary infundibulum, and fibrous continuity
between the mitral valve and the pulmonary valve.

The primary anatomic subtypes are as follows:

(I) TGA with intact ventricular septum.

(II) TGA with VSD.

(IIT) TGA with VSD and left ventricular outflow tract

obstruction.
(IV) TGA with VSD and pulmonary vascular

obstructive disease.

TGA with Intact Ventricular Septum

The arterial switch operation (ASO) is the ideal operation
for infants born with TGA. It represents a complete
anatomic repair and establishes ventriculoarterial
concordance. The procedure should be performed in the
first few weeks of life, as the left ventricle may not be
able to handle systemic pressure postoperatively if left
too long in the low-pressure, low-resistance pulmonary
circuit. Rarely, depending on the particular coronary
artery anatomy (e.g., intramural coronary artery),
coronary artery translocation may not be feasible, and an
ASO is not surgically recommended. In this subgroup,
an atrial level switch (Senning or Mustard procedure)
carries a lower risk of surgical and short-term morbidity
and mortality (51).

TGA with Ventricular Septal Defect

The preferred operation is an ASO with VSD closure. If
the VSD is large and nonrestrictive and the coronary artery
anatomy precludes an ASO from being performed, then
a Rastelli-type intracardiac repair is warranted. A Rastelli
intra-cardiac repair is often done when the infants are
older to allow an adequate sized right ventricle-pulmonary
artery conduit to be surgically placed (52). If the infant has
significant congestive heart failure (with growth failure) due
to pulmonary overcirculation, it may be advisable to either
proceed with direct reparative surgery or placing a PA band
during the newborn period to restrict pulmonary blood flow
as an initial palliative surgical approach.
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TGA with VSD and Left Ventricular Outflow Tract
Obstruction

An ASO may not be feasible due to pulmonary valve (left
ventricular outflow tract) stenosis or atresia. If the VSD
is unrestrictive and remote from the aorta, a Rastelli
intracardiac repair could be considered (52). Rarely while
waiting for a Rasteli operation, an aortopulmonary shunt
placement may be needed in the neonatal period as palliation
to allow for adequate pulmonary artery blood flow.

TGA with VSD and Pulmonary Vascular
Obstructive Disease

These patients might not be appropriate surgical candidates
because of the progressive increase in pulmonary vascular
resistance (53). Some patients may experience profound
right ventricular failure, but they may do well with left
ventricular retraining and late ASO (54,55). Most of
these patients maintain normal systolic function and
exercise capacity. With the ASO, long term sequelae may
include chronotropic incompetence and stenosis at the
supravalvular neoaortic, neopulmonary, branch pulmonary
arteries, and coronary artery ostia (54,55). Their overall
perioperative survival rate is greater than 90% with long-
term and arrhythmia-free survival at approximately 97% at
25 years. In these patients, late mortality is predominantly
due to sudden cardiac death and myocardial infarction (56).
Patients who undergo the atrial level switch procedure have
a low mortality rate overall, but the long-term morbidities
such as atrial bradyarrhythmia and tachyarrhythmia,
systemic atrioventricular (tricuspid) valve regurgitation,
and systemic (right) ventricular dilatation and failure are
significant.

The procedure of choice for d-T'GA became the ASO
almost 30 years ago even though the trial period initially
revealed a higher in hospital mortality rate. In the long-
term, the arterial switch provides patients significant
transplant-free survival advantage when compared to the
atrial switch (56).

Fontan Palliation for Single Ventricle Patients

Complex single ventricle anatomy is rare with a prevalence
of approximately 1 in 10,000 live births (57,58). It has been
50 years since Francis Fontan pioneered the operation
that today bears his name. The Fontan procedure was
first described in 1971 though first performed in 1968
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for tricuspid atresia. Surgery is the main treatment for
these patients with the tricuspid atresia anatomy. Without
operation, the survival rate to one year is 33% and
ten years is 10%. The malformation of tricuspid atresia
consists of complete agenesis of the tricuspid valve with an
absence of a direct communication between the right atrium
and RV. Fontan also incorporated a valved homograft
between the IVC and the right atrium and a second valved
homograft between the right atrium and the left pulmonary
artery (59). The final operation consisted of the classic
Glenn SVC-to-right pulmonary artery shunt as well as the
right atrium-to-left pulmonary artery connection with the
two homografts, as outlined before. He published his results
from the first three patients in 1971 (59). Kreutzer et 4. in
1973 presented a surgical modification. They described a
connection between the right atrial appendage and the main
pulmonary artery by means of a pulmonary homograft or
the patient’s own pulmonary annulus, but without a valved
homograft at the IVC-right atrial junction. In this situation,
the continuity of the pulmonary arteries is conserved (60,61).

The Fontan operation is now offered for a vast array
of congenital cardiac lesions when a circulation with two
ventricles cannot be achieved. The procedure is usually
performed in patients with a hypoplastic right or left
ventricle with associated defects in the atrioventricular
valves, and possibly other features where the anatomy
eliminates the possibility of biventricular repair. Patients
that require this procedure commit to univentricular
circulation, but without the surgical intervention, there
would be more childhood deaths and less patients surviving
into adulthood (57,58). The palliative operation has
significantly improved the survival rate of these infants
who are typically born with only one functioning ventricle.
With advancements in technology and improvement
in medical management, patient’s now have a 30-year
survival of >80% in the current era. The estimated number
of patients worldwide with the Fontan circulation who
are alive today is around 70,000 with the expectation of
this sub group doubling in the next two decades (62). In
general, the operation has demonstrated its success with a
growing population of patients having this unique Fontan
circuit physiology. However, with long-term follow up, the
circulation of these patients have recently shown to have
multisystem effects with both expected and unexpected
sequelae (62-64).

In the absence of a sub-pulmonary ventricle, Fontan
circulation is described by chronically elevated systemic
venous pressures and decreased cardiac output. The
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addition of this acquired abnormal circulation to innate
abnormalities associated with single-ventricle CHD exposes
these patients to a variety of complications. Circulatory
failure, systemic ventricular dysfunction, systemic
atrioventricular valve regurgitation, arrhythmia, plastic
bronchitis and protein-losing enteropathy are potential
long-term complications of the Fontan circulation (65).
Abnormalities in body composition, bone structure, and
growth have all been described. Liver fibrosis and renal
dysfunction are common and may progress over time
(62,66). Cognitive, neuropsychological, and behavioral
deficits are highly prevalent. The proportion of adults with
the Fontan circulation is increasing and there is a clear need
for consensus on how to best follow up with these patients
and treat their complications (62).

The failing Fontan has become an evolving challenge
with several of its associated complications and the lack
of effective management strategies which has led to an
increasing number of patients being considered for a
heart or heart liver transplantation. In addition, having
multiple previous operations increases the likelihood
of the sensitization of the recipient to the donor organ
often reducing the donor pool (67). Prolonged donor
ischemic times are more likely, given the need for complex
explanation of the recipient’s heart. The outcomes of
Fontan transplants are not comparable to non-Fontan
ACHD transplants. Despite higher early mortality, long-
term survival is superior in the ACHD population when
compared to the non-ACHD population (68,69).

Mechanical Circulatory Support and Cardiac
Transplantation

The complexity of survivors with CHD has significantly
increased over the last two decades. This has led to a
growing number of adults with late-onset complications,
including an increase in hospital admissions for ACHD
patients with heart failure (HF) (12). Though mechanical
circulatory support options are arising, the surgical
procedure of choice for eligible patients with advanced HF
is cardiac transplantation. Although there is an increasing
need, the number of patients receiving transplants over
the past decade has not changed (70). The number of
ACHD heart transplant recipients continues to grow
rapidly with a 40% increase over the last two decades (71).
Findings show that out of the adult heart transplants, only
3.3% of them are patients with ACHD (72).

Heart failure in ACHD is vastly different to that in
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acquired heart disease. Unlike acquired HF in which
pharmacological goal directed medical therapies are the
cornerstone for protecting and improving ventricular
function, ACHD-related CHF relies heavily upon
structural interventions, either surgical or percutaneously
done via cardiac catheterization. Morphologic systemic
RV, altered coronary perfusion, and ventricular
noncompaction are all mechanisms that can lead to the
development of late ventricular dysfunction. Some of
the indications for cardiac transplantation in ACHD
patients include systemic ventricular failure with
refractory medical therapy, patients with failing Fontan
physiology and progressive cyanosis leading to functional
decline (73). Transplantation in ACHD patients may be
complex and may require extensive reconstruction of the
branch pulmonary arteries, systemic veins, or the aorta.
Significant vasoplegia, prolonged bleeding, and graft
dysfunction can complicate the immediate post-transplant
period. The post transplant mortality rate ranges between
14% to 39% for post-transplant operations, with the
majority of early morality occurring in ACHD patients
with univentricular CHD.

There has been a significant increase in MCS use as a
bridge to transplantation (17%) in patients with acquired
HE, but there has been little change in MCS use in ACHD
patients with only 3% receiving a VAD at the time of
cardiac transplantation. Higher mortality rates have been
seen in patients receiving MCS, regardless of the type
received (72,74-76). MCS is associated with significant
morbidity and uncertain long-term outcomes in ACHD
patients. Careful evaluation and selection is important to
determine if the patient may be a candidate for alternative
therapies. A variety of ventricular assist devices (VADs) have
been used to assist the failing systemic RV in patients with
L-TGA or d-TGA after atrial switch operations. Although
there is sparse outcomes data, ACHD patients are also less
likely to receive a VAD as a bridge to transplantation. Listed
ACHD patients are more likely to experience cardiovascular
death either due to HF or sudden death than adults with
acquired HF (74,77,78).

There have been two important considerations raised
regarding patients with CHD in the most up-to-date
guidelines for MCS. The first is the requisite for assessment
of complete cardiac morphology before implantation of
MCS including the location of great vessels, shunts, and
any collateral vessels. The second is the assessment for
total heart replacement strategies in patients who are
not candidates for mechanical circulatory support (79).
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There remain many surgical challenges in transplantation
for ACHD patients. Several ACHD patients have had
prior open heart surgical procedures with multiple prior
sternotomies, which can increase the risk of adhesions
and bleeding, lengthen the operative procedure, and
increase the need for reoperation (77,80). A reconstruction
is commonly required, especially in Fontan patients
(85.4% for Fontan patients versus 42.9% for other CHD
diagnoses), which is associated with increased mortality
risk (80). Patients with prior atrial switch procedures
(i.e., Mustard/Senning) often have calcified baffles and
previous stents that need to be removed, which leaves
less tissue for atrial anastomoses. Bicaval and pulmonary
venous anastomoses are preferable in these situations (81).
Opverall, there has been improvement in long term survival
in more contemporary studies (82). High-risk patient
subsets have been defined, and significant improvement
has been made in evidence-based guidelines on indications
for mechanical circulatory support, cardiac transplant
and the intraoperative management of complex cardiac
reconstructions. With appropriate patient selection, more
aggressive use of MCS, and earlier referral of patients for
transplant, both short and long term outcomes should
continue to improve.

Conclusions

Advances in early management of CHD and improvements
in congenital cardiac surgery have led to a significant
growth in adults with CHD. This brief review examines
the epidemiology, surgical procedures and outcomes for
some of the more common complex CHD lesions in adults.
Contemporary cardiac surgery for ACHD continues to
improve with low surgical mortality, improved functional
status and excellent long-term outcome.
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