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Congenital diseases of the aorta tend to be obstructivewhen they present early in life, and aneurysmal when they
present later in life. The latter group also tends to be associated with connective tissue disorders and with re-
paired conotruncal lesions. The indications for intervention in the aneurysm group are still in evolution but
are clearly age- and lesion-dependant. Disorders such as Loeys-Dietz syndrome and Turner syndrome may
deserve aggressive prophylactic surgery, as well as Marfan syndrome to a lesser extent. The natural history
of the dilated aorta after repair of congenital heart lesions is probably more benign than de novo aneurysms
and therefore should be treated conservatively. (J Thorac Cardiovasc Surg 2015;149:S14-7)

Congenital diseases of the aorta can be divided into 2
major categories: those that present problems early in
life and those with later manifestations. The early
lesions are usually obstructive in nature: they include
coarctation of the aorta, hypoplastic left heart syndrome,
and vascular rings, and tend to involve the arch of the aorta.
The later-onset congenital aortic problems are chiefly
aneurysmal and involve predominantly the ascending
aorta.1 They include the bicuspid aortic valve (BAV),
Marfan syndrome, Loeys-Dietz syndrome, and Turner
syndrome. Apart from Turner syndrome, these aneurysmal
diseases of the aorta are addressed elsewhere in this
symposium, and so will not be included in this discussion.
Rather, I will focus principally on the patients who have
undergone surgery for various congenital cardiac lesions,
and then present later with aortic complications, usually
aneurysmal in nature. These are particularly challenging
problems because of the paucity of data on which to
base management decisions. These aneurysms typically
follow surgery for conotruncal lesions such as tetralogy of
Fallot (TOF), persistent truncus arteriosus communis, and
double-outlet right ventricle (DORV), but also after the
Norwood procedure, the arterial switch, and the Ross
procedure.

COARCTATION OF THE AORTA
Most of the current techniques for repair of coarctation

of the aorta and complete interruption of the aortic
arch—obstructions that occur most frequently just
distal to the left subclavian artery—have been in use

for the past 30 years, and generally involve complete
resection of the involved segment followed by primary
anastomosis of the proximal and distal aorta. Primary repair
allows the aorta to grow appropriately and parallel to
somatic growth. If subsequent obstruction occurs, this can
often be dealt with successfully using catheter-based
interventions.

Some of the earlier approaches to aortic arch obstruction
involved patch augmentation of the narrowed segment or
interposition grafts using prosthetic materials such as
Dacron, often with incomplete resection of the narrowed
segment and its pathologic tissue. Repairs involving Dacron
patches have not only resulted in occasional residual
obstruction but also an alarming incidence of late aneurysm
and/or dissection of the aorta. In a recent single-center study
from the University of Wisconsin, 10% of patients with
patch repair had aneurysms at 10 years, and more than
50% had aneurysms at 25 years; 14% of these experienced
rupture within 20 years, and half of those patients died.2

This suggests that close surveillance of patients with
Dacron patch aortoplasty is mandatory, and early reinter-
vention is justified.

AORTIC DILATATION FOLLOWING REPAIR OF
CONOTRUNCAL LESIONS

With improvement in the results of initial surgery for
congenital heart disease and greater repair and patient
longevity, there are now more adults living with congenital
heart disease than children.3 Among these are patients
who have undergone repair of conotruncal defects (ie,
TOF, DORV, and truncus arteriosus), the arterial switch
procedure for complete transposition of the great arteries
(TGA), the Norwood procedure for hypoplastic left heart
syndrome (HLHS), and the Ross procedure for aortic
valve disease. In all of these conditions, the aorta tends
to dilate, posing a theoretical risk of late rupture and/or
dissection, an increased likelihood of aortic valve incom-
petence, and the possibility of compression of adjacent
structures. The sheer size of the aorta in some patients
with the Fontan procedure, in which pulmonary blood
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flow is provided passively from the systemic venous sys-
tem, poses a particular problem as the dilated aorta may
compress the pulmonary arteries and obstruct systemic
venous return.

From an embryologic perspective, we can view all these
congenital anomalies as arising from various perturbations
of the partitioning of the outflow tracts of the heart. The
outflow tract is initially a single tube, with the right
ventricular conus leading into the truncus arteriosus. This
outflow tract is normally divided by the combined aorti-
copulmonary and conotruncal septa into roughly equal
channels, providing pulmonary flow from the right ventricle
and aortic flow from the left ventricle (Figure 1).

Perhaps themost easily understood example of unbalanced
division of the conotruncus is TOF. In this condition, the
septum between the right ventricular outflow to the pulmo-
nary artery and the left ventricular outflow to the aorta is
shifted too far to the right, leading to obstruction of the right
ventricular outflow tract and resulting in various degrees of
pulmonary stenosis or pulmonary atresia. The malposition
of the septum also results in a large aorta and prevents the
infundibular portion of the conotruncal/aortopulmonary
septum from connecting with the muscular/membranous
interventricular septum inferiorly, leading to the character-
istic malalignment ventricular septal defect.

If the conotruncal/aortopulmonary septum is shifted too
far to the left, it severely restricts aortic outflow, with
devastating effects on the development of the left ventricle,
ascending aorta, and aortic arch, leading to HLHS,
interruption of the aortic arch, and various forms of
coarctation. Another type of conotruncal abnormality is
TGA, in which the septum fails to undergo its usual spiral
rotation during development, resulting in a right ventricle
that empties into the aorta and a left ventricle with outflow
into the pulmonary artery. Complete TGA is uniformly fatal
without intervention unless a mixing lesion is present, such
as a patent ductus arteriosus or an atrial or ventricular septal
defect.

Regardless of the nature of the septation abnormality,
individuals with these conotruncal lesions have an
abnormally weak and often enlarged aorta from infancy.
Histologic examination reveals that there is some fragmen-
tation and loss of the elastic lamellae present already at
birth, which also progresses with age.4 The degree of

disruption of the normal architecture of the aortic wall
correlates roughly with the degree of aortic dilatation.
Most of the data available to us come from patients with
the more common conotruncal lesions, chiefly TOF,
because these patients historically had the earliest repairs
and have lived the longest. All TOF patients have a dilated
aorta at birth, and regardless of their age at surgery and the
type of intervention, the aorta continues to enlarge
throughout life. Although these aortas remain large even
after early intracardiac repair and continue to grow
throughout life, there are only rare instances in which
rupture or dissection have been reported. In the dozen or
so reported cases of surgical repair, aortic replacement
was generally required more than 20 years after initial
repair of TOF and usually for moderate or severe aortic
incompetence rather than rupture or dissection. Older age
at repair, male gender, and pulmonary atresia appear to be
risk factors for aortic aneurysm in TOF patients.5 But there
are too few cases to generate reliable guidelines for elective
intervention for the dilated aorta in TOF.

Aortic Dilatation After the Arterial Switch,
Norwood, and Ross Procedures
The arterial switch operation—one of the greatest

success stories in the treatment of congenital heart
disease—has given near-normal life expectancy and quality
of life to patients with complete TGA, rescuing them from
dismal and uniformly fatal natural history. The arterial
switch operation is technically demanding but enjoys a
high level of success, both early and late after repair.
Although it is frequently called an anatomic correction, it
is actually not: the great arteries are switched so that the
aorta is connected to the left ventricle and the pulmonary
artery to the right ventricle and the coronary arteries are
transferred, but the aortic and pulmonary roots (including
their respective semilunar valves), remain unswitched. In
addition to the intrinsic differences between the 2 semilunar
valves and the sinus tissue that encircles them, the root of
each great artery is distorted by removal of the coronary
arteries from the patching of the defects (in the case of
the aorta), and the reimplantation of those arteries in
the pulmonary (neo-aortic) root. Dilatation of the
reconstructed neo-aortic root/ascending aorta is common
following the arterial switch procedure, but clinically
important insufficiency of the pulmonary valve—in the
aortic position—is surprisingly rare: it occurs in less than
5%. Images of the dilated ascending aortic aneurysms in
ASO patients are often quite striking, but no cases of
rupture or dissection have been reported. Data from the
Children’s Hospital of Boston show that marked dilatation
of the aortic root is present in 95% of patients at 17 to
18 years of age, but most of the neo-aortic valves are
competent, even in the presence of severe neo-aortic root
dilatation.6

Abbreviations and Acronyms
BAV ¼ bicuspid aortic valve
DORV ¼ double-outlet right ventricle
HLHS ¼ hypoplastic left heart syndrome
TGA ¼ transposition of the great arteries
TOF ¼ tetralogy of Fallot
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