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VER the past 20 to 30 years, major advanc-

es have been made in the diagnosis and treat-

ment of congenital heart disease in children.
As a result, many children with such disease now sur-
vive to adulthood. In the United States alone, the
population of adults with congenital heart disease, ei-
ther surgically corrected or uncorrected, is estimated
to be increasing at a rate of about 5 percent per year;
this year there will be almost 1 million such patients.!
This two-part review discusses the more common
acyanotic and cyanotic congenital heart conditions
that physicians who care for adults are likely to en-
counter.

ACYANOTIC CONDITIONS
Atrial Septal Defect

Atrial septal defect accounts for about one third of
the cases of congenital heart disease detected in adults.
It occurs in women two to three times as often as in
men.23 Anatomically, it may take the form of ostium
secundum, in the region of the fossa ovalis; ostium
primum, in the lower part of the atrial septum; or
sinus venosus, in the upper atrial septum. Ostium se-
cundum defects make up 75 percent of all atrial sep-
tal defects, ostium primum defects make up 15 per-
cent, and sinus venosus defects make up 10 percent.
Additional cardiac abnormalities may occur with each
type of defect; these include mitral-valve prolapse
(with ostium secundum defects),* mitral regurgitation
(due to a cleft in the anterior mitral-valve leaflet,
which occurs with ostium primum defects), and par-
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tial anomalous drainage of the pulmonary veins into
the right atrium or venae cavae (with sinus venosus
defects).5 Although most atrial septal defects result
from spontancous genetic mutations, some are in-
herited.s?

Regardless of anatomical location, the physiologic
consequences of atrial septal defects are the result of
the shunting of blood from one atrium to the other;
the direction and magnitude of shunting are deter-
mined by the size of the defect and the relative com-
pliance of the ventricles. A small defect (less than 0.5
cm in diameter) is associated with a small shunt and
no hemodynamic sequelac. A sizable defect (more
than 2 cm in diameter) may be associated with a large
shunt, with substantial hemodynamic consequences.
In most adults with atrial septal defects, the right
ventricle is more compliant than the left; as a result,
left atrial blood is shunted to the right atrium, caus-
ing increased pulmonary blood flow and dilatation of
the atria, right ventricle, and pulmonary arteries (Fig.
1). Eventually, if the right ventricle fails or its com-
pliance declines, the left-to-right shunting diminishes
in magnitude, and right-to-left shunting may even
occur.

In a patient with a large atrial septal defect, a right
ventricular or pulmonary arterial impulse may be pal-
pable. The first heart sound is normal, and there is
wide and fixed splitting of the second heart sound.
The splitting of the second heart sound is fixed be-
cause phasic changes in systemic venous return to the
right atrium during respiration are accompanied by
reciprocal changes in the volume of shunted blood
from the left atrium to the right atrium, thereby min-
imizing the respiratory changes in right and left ven-
tricular stroke volumes that are normally responsible
for physiologic splitting.10 A systolic ejection murmur,
audible in the second left intercostal space, peaks in
mid-systole, ends before the second heart sound, and
is usually so soft that it is mistaken for an “innocent”
flow murmur. Flow across the atrial septal defect it-
self does not produce a murmur.

Electrocardiographically, a patient with atrial sep-
tal defect often has right-axis deviation and incom-
plete right bundle-branch block. Left-axis deviation
occurs with ostium primum defects. A junctional or
low atrial rhythm (inverted P waves in the inferior
leads) occurs with sinus venosus defects. A patient
with an atrial septal defect usually has normal sinus
rhythm for the first three decades of life, after which
atrial arrhythmias, including atrial fibrillation and
supraventricular tachycardia, may appear.!! On chest
radiography, the patient has prominent pulmonary
arteries and a peripheral pulmonary vascular pattern
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Figure 1. Atrial Septal Defect with Resultant Left-to-Right
Shunting.

Blood from the pulmonary veins enters the left atrium, after
which some of it crosses the atrial septal defect into the right
atrium and ventricle (longer arrow).

of “shunt vascularity” (in which the small pulmo-
nary arteries are especially well visualized in the pe-
riphery of both lungs).

Transthoracic echocardiography may reveal dilata-
tion of the atria and right ventricle. Ostium primum
or ostium secundum defects are often visualized di-
rectly, but transthoracic echocardiography usually does
not identify sinus venosus defects.!2 The sensitivity of
echocardiography may be enhanced by injecting mi-
crobubbles of air in solution into a peripheral vein,
after which the movement of some of the bubbles
across the defect into the left atrium can be visual-
ized. Transesophageal and Doppler color-flow echo-
cardiography are particularly useful in detecting and
determining the location of atrial septal defects and
in identifying sinus venosus defects and anomalous
pulmonary venous drainage. Although echocardiog-
raphy may provide enough information to guide the
management of an atrial septal defect, catheterization
may be required to determine the magnitude and di-
rection of shunting, as well as whether pulmonary hy-
pertension is present and, if so, its severity.

Since atrial septal defects initially produce no symp-

toms and are not accompanied by striking abnormal-
ities on physical examination, they often remain un-
detected for years.3134 A small defect with minimal
left-to-right shunting (characterized by a ratio of pul-
monary to systemic flow of less than 1.5) usually caus-
es no symptoms or hemodynamic abnormalities and
therefore does not require closure. Patients with mod-
erate or large atrial septal defects often have no symp-
toms until the third or fourth decades of life despite
substantial left-to-right shunting (characterized by a
ratio of pulmonary to systemic flow of 1.5 or more).
Over the years, the increased volume of blood flowing
through the chambers of the right side of the heart
usually causes right ventricular dilatation and fail-
ure.31416 Obstructive pulmonary vascular discase (Ei-
senmenger’s syndrome) occurs rarely in adults with
atrial septal defect.1

A symptomatic patient with an atrial septal defect
typically reports fatigue or dyspnea on exertion. Alter-
natively, the development of such sequelae as supra-
ventricular arrhythmias, right heart failure, paradoxi-
cal embolism, or recurrent pulmonary infections may
prompt the patient to seek medical attention. Al-
though a few patients with an unrepaired atrial septal
defect have survived into the eighth or ninth decade of
life,!” those with sizable shunts often die of right ven-
tricular failure or arrhythmia in their 30s or 40s.3:1315

An atrial septal defect with a ratio of pulmonary
to systemic flow of 1.5 or more should be closed sur-
gically to prevent right ventricular dysfunction.18-20
Surgical closure is not recommended for patients with
irreversible pulmonary vascular disease and pulmo-
nary hypertension.2! Although devices for percutane-
ous atrial septal closure are under investigation,2223
their safety and efficacy are unknown. Prophylaxis
against infective endocarditis is not recommended
for patients with atrial septal defects (repaired or un-
repaired) unless a concomitant valvular abnormality
(e.g., mitral-valve cleft or prolapse) is present.2

Ventricular Septal Defect

Ventricular septal defect is the most common con-
genital cardiac abnormality in infants and children. It
occurs with similar frequency in boys and girls. Twen-
ty-five to 40 percent of such defects close spontane-
ously by the time the child is 2 years old; 90 percent
of those that eventually close do so by the time the
child is 10.1125 Anatomically, 70 percent are located in
the membranous portion of the interventricular sep-
tum, 20 percent in the muscular portion of the sep-
tum, 5 percent just below the aortic valve (thereby
undermining the valve annulus and causing regurgi-
tation), and 5 percent near the junction of the mitral
and tricuspid valves (so-called atrioventricular canal
defects).2¢

The physiologic consequences of a ventricular sep-
tal defect are determined by the size of the defect
and the relative resistance in the systemic and pul-
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Figure 2. Ventricular Septal Defect with Resultant Left-to-Right
Shunting.

When the left ventricle contracts, it ejects some blood into the
aorta and some across the ventricular septal defect into the
right ventricle and pulmonary artery (arrow).

monary vascular beds. If the defect is small, there is
little or no functional disturbance, since pulmonary
blood flow is increased only minimally. In contrast,
if the defect is large, the ventricular systolic pressures
are equal and the magnitude of flow to the pulmo-
nary and systemic circulations is determined by the re-
sistances in the two beds. Initially, systemic vascular re-
sistance exceeds pulmonary vascular resistance, so that
left-to-right shunting predominates (Fig. 2). Over
time, the pulmonary vascular resistance usually in-
creases, and the magnitude of left-to-right shunting
declines. Eventually, the pulmonary vascular resistance
equals or exceeds the systemic resistance; the shunting
of blood from left to right then ceases, and right-to-
left shunting begins.

With substantial left-to-right shunting and little or
no pulmonary hypertension, the left ventricular im-
pulse is dynamic and laterally displaced, and the right
ventricular impulse is weak. The murmur of a mod-
erate or large defect is holosystolic, loudest at the low-
er left sternal border, and usually accompanied by a
palpable thrill. A short mid-diastolic apical rumble
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(caused by increased flow through the mitral valve)
may be heard, and a decrescendo diastolic murmur of
aortic regurgitation may be present if the ventricular
septal defect undermines the valve annulus. Small,
muscular ventricular septal defects may produce high-
frequency systolic ejection murmurs that terminate
before the end of systole (when the defect is occlud-
ed by contracting heart muscle). If pulmonary hyper-
tension develops, a right ventricular heave and a pul-
sation over the pulmonary trunk may be palpated. The
holosystolic murmur and thrill diminish and eventu-
ally disappear as flow through the defect decreases,
and a murmur of pulmonary regurgitation (Graham
Steell’s murmur) may appear. Finally, cyanosis and
clubbing are present.

Electrocardiography and chest radiography provide
insight into the magnitude of the hemodynamic im-
pairment. With a small ventricular septal defect, both
are normal. With a large defect, there is electrocardio-
graphic evidence of left atrial and ventricular enlarge-
ment, and left ventricular enlargement and “shunt vas-
cularity” are evident on the radiograph. If pulmonary
hypertension occurs, the QRS axis shifts to the right,
and right atrial and ventricular enlargement are noted
on the electrocardiogram. The chest film of a patient
with pulmonary hypertension shows marked enlarge-
ment of the proximal pulmonary arteries, rapid ta-
pering of the peripheral pulmonary arteries, and oli-
gemic lung fields. Two-dimensional echocardiography
with Doppler flow can confirm the presence and lo-
cation of the ventricular septal defect, and color-flow
mapping provides information about the magnitude
and direction of shunting.2728 With catheterization
and angiography, one can confirm the presence and
location of the defect, as well as determine the mag-
nitude of shunting and the pulmonary vascular resist-
ance.?

The natural history of ventricular septal defect de-
pends on the size of the defect and the pulmonary
vascular resistance. Adults with small defects and nor-
mal pulmonary arterial pressure are generally asymp-
tomatic, and pulmonary vascular disease is unlikely to
develop.3 Such patients do not require surgical clo-
sure, but they are at risk for infective endocarditis3!-32
and should therefore receive antibiotic prophylaxis.
In contrast, patients with large defects who survive
to adulthood usually have left ventricular failure or
pulmonary hypertension with associated right ven-
tricular failure.!! Surgical closure of the defect is rec-
ommended, if the magnitude of pulmonary vascular
obstructive disease is not prohibitive. Once the ratio
of pulmonary to systemic vascular resistance exceeds
0.7, the risk associated with surgery is prohibitive.

Patent Ductus Arteriosus

The ductus arteriosus connects the descending aor-
ta (just distal to the left subclavian artery) to the left
pulmonary artery. In the fetus, it permits pulmonary
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Figure 3. Patent Ductus Arteriosus with Resultant Left-to-Right
Shunting.

Some of the blood from the aorta crosses the ductus arteriosus
and flows into the pulmonary artery (arrows).

arterial blood to bypass the unexpanded lungs and
enter the descending aorta for oxygenation in the
placenta. It normally closes soon after birth, but in
some infants it does not close spontancously, and
there is continuous flow from the aorta to the pul-
monary artery (i.e., left-to-right shunting) (Fig. 3).
Patent ductus arteriosus accounts for about 10 per-
cent of cases of congenital heart disease. Its incidence
is higher than average in pregnancies complicated by
persistent perinatal hypoxemia or maternal rubella
infection and among infants born at high altitude or
prematurely.

A patient with patent ductus arteriosus and a mod-
erate or large shunt has bounding peripheral arterial
pulses, a widened pulse pressure, and a hyperdynamic
left ventricular impulse. The first heart sound is nor-
mal. A continuous “machinery” murmur, audible in
the second left anterior intercostal space, begins short-
ly after the first heart sound, peaks in intensity at or
immediately after the second heart sound (thereby
obscuring it), and declines in intensity during dias-
tole. With a large shunt, mid-diastolic and systolic
murmurs (from increased flow through the mitral

and aortic valves, respectively) may be noted. If pul-
monary vascular obstruction and hypertension de-
velop, the continuous murmur decreases in duration
and intensity and eventually disappears and a pulmo-
nary ejection click and a diastolic decrescendo mur-
mur of pulmonary regurgitation may appear.

With a small patent ductus arteriosus, the electro-
cardiogram and chest x-ray film are normal. With a
large patent ductus arteriosus and substantial left-to-
right shunting, left atrial and ventricular hypertro-
phy are evident, and the chest film shows pulmonary
plethora, proximal pulmonary arterial dilatation, and a
prominent ascending aorta. The ductus arteriosus may
be visualized as an opacity at the confluence of the
descending aorta and the aortic knob. If pulmonary
hypertension develops, right ventricular hypertrophy
is noted. With two-dimensional echocardiography,
the ductus arteriosus can usually be visualized, and
Doppler studies demonstrate continuous flow in the
pulmonary trunk.3? Catheterization and angiography
make it possible to quantify the magnitude of shunt-
ing and the pulmonary vascular resistance as well as
visualize the ductus arteriosus.?

A patent ductus arteriosus rarely closes spontane-
ously after infancy.3* A small patent ductus arteriosus
causes no symptoms, and a person with a defect of
this size can have a normal life expectancy. However,
the presence of a small patent ductus arteriosus en-
tails an elevated risk of infective endocarditis, which
involves the pulmonary side of the ductus arteriosus or
the pulmonary artery opposite the duct orifice, from
which septic pulmonary emboli may arise. A patent
ductus arteriosus of moderate size may cause no symp-
toms during infancy; during childhood or adulthood,
fatigue, dyspnea, or palpitations may appear.353¢ In ad-
dition, the ductus arteriosus may become aneurys-
mal and calcified, which may lead to its rupture.37-40
With larger shunts, flow is markedly increased, which
may precipitate left ventricular failure. Eventually, pul-
monary vascular obstruction may develop; when the
pulmonary vascular resistance equals or exceeds the
systemic vascular resistance, the direction of shunting
reverses.35#1 One third of patients with a patent duc-
tus arteriosus that is not surgically repaired die of
heart failure, pulmonary hypertension, or endarteri-
tis by the age of 40 years, and two thirds die by the
age of 60 years.!1:3¢6

Surgical ligation of patent ductus arteriosus, gen-
erally accomplished without cardiopulmonary bypass,
has an associated mortality of less than 0.5 percent.
However, in patients with ductal aneurysmal dilata-
tion or calcification, resection with cardiopulmonary
bypass may be required.*042 Because of the risk of en-
darteritis associated with unrepaired patent ductus
arteriosus (estimated at 0.45 percent annually after
the second decade of life)3¢ and the low risk associ-
ated with ligation, we recommend that even a small
patent ductus arteriosus be ligated surgically or oc-
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cluded with a percutaneously placed closure device.
Once severe pulmonary vascular obstructive disease
develops, surgical ligation or percutaneous closure is
contraindicated.#043

Aortic Stenosis

The most common pathological finding in patients
with symptomatic aortic stenosis who are younger
than 65 years of age is a bicuspid aortic valve, which
is found in 2 to 3 percent of the population.*¢ It is
four times as common in men and boys as in women
and girls. Twenty percent of patients with bicuspid
aortic valve have an associated cardiovascular abnor-
mality,*> such as patent ductus arteriosus or aortic
coarctation. In patients with bicuspid aortic valve, the
bicuspid valve has a single fused commissure and an
eccentrically oriented orifice. Although the deformed
valve is not stenotic at birth, it is subjected to abnor-
mal hemodynamic stress, which may lead to thicken-
ing and calcification of the leaflets, with resultant
immobility. In many patients, there is a coexisting ab-
normality of the medial layer of the aorta above the
valve, which predisposes patients to have dilatation
of the aortic root. The area of the aortic orifice in a
normal adult is 3.0 to 4.0 cm?. Aortic stenosis does
not become hemodynamically important unless the
valve area is reduced to approximately 1.0 cm?2.

In patients with severe aortic stenosis, the carotid
upstroke is usually delayed and diminished, but it may
be normal in elderly patients with noncompliant ca-
rotid arteries. The aortic component of the second
heart sound is diminished or inaudible, and a fourth
heart sound is present. A harsh systolic crescendo—
decrescendo murmur is audible over the aortic area
and often radiates to the neck. As the aortic steno-
sis worsens, the murmur peaks progressively later in
systole.

Left ventricular hypertrophy results from gradual-
ly worsening aortic stenosis and is usually evident on
electrocardiography. Unless the left ventricle dilates,
the chest x-ray film demonstrates a normal cardiotho-
racic silhouette. In most patients, transthoracic echo-
cardiography with Doppler flow permits an accurate
assessment of the severity of the stenosis and of left
ventricular systolic function. Cardiac catheterization
is performed to determine the severity of aortic ste-
nosis in cases in which it cannot be assessed nonin-
vasively and to determine whether concomitant cor-
onary artery disease is present.

The classic symptoms of aortic stenosis are angina
pectoris, syncope or near-syncope, and heart failure.
Adults with aortic stenosis who are asymptomatic
have a normal life expectancy; they should receive
antibiotic prophylaxis against infective endocarditis.
Once symptoms appear, survival is limited: the me-
dian survival is only five years after angina develops,
three years after syncope occurs, and two years after
symptoms of heart failure appear.*6 Therefore, pa-
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tients with symptomatic aortic stenosis should un-
dergo valve replacement.

Pulmonary Stenosis

Pulmonary stenosis constitutes 10 to 12 percent
of the cases of congenital heart disease in adults.
Obstruction of right ventricular outflow is valvular
in 90 percent of patients, and in the remainder it is
supravalvular or subvalvular. Supravalvular pulmonary
stenosis results from the narrowing of the pulmonary
trunk, its bifurcation, or its peripheral branches; it
often coexists with other congenital cardiac abnormal-
ities (valvular pulmonary stenosis, atrial septal defect,
ventricular septal defect, patent ductus arteriosus, or
tetralogy of Fallot). It is a common feature of Wil-
liams syndrome,*” which is characterized by infantile
hypercalcemia, elfin facies, and mental retardation, in
addition to supravalvular pulmonary stenosis. Sub-
valvular pulmonary stenosis, which is caused by the
narrowing of the right ventricular infundibulum or
subinfundibulum, usually occurs in association with
a ventricular septal defect.

Valvular pulmonary stenosis typically is an isolated
abnormality, but it may occur in association with ven-
tricular septal defect or lead to secondary hypertroph-
ic subpulmonary stenosis. The valve leaflets usually are
thin and pliant; all three valve cusps are present; and
the commissures are fused, so that during ventricu-
lar systole the valve is dome-shaped with a small cen-
tral orifice. Among patients with valvular stenosis, 10
to 15 percent have dysplastic leaflets, which are thick-
ened, immobile, and composed of myxomatous tissue.
About two thirds of patients with Noonan’s syndrome
have pulmonary stenosis due to valve dysplasia.*®

The area of the pulmonary-valve orifice in a normal
adult is about 2.0 cm? per square meter of body-sur-
face area, and there is no systolic pressure gradient
across the valve. When the valve becomes stenotic,
the right ventricular systolic pressure increases and a
systolic pressure gradient is observed between the
right ventricle and pulmonary artery. Pulmonary ste-
nosis is considered mild if the valve area is larger than
1.0 cm? per square meter, the transvalvular gradient
is less than 50 mm Hg, or the peak right ventricular
systolic pressure is less than 75 mm Hg. Pulmonary
stenosis is considered moderate if the valve area is 0.5
to 1.0 cm? per square meter, the transvalvular gradi-
ent is 50 to 80 mm Hg, or the right ventricular sys-
tolic pressure is 75 to 100 mm Hg. Severe pulmonary
stenosis is characterized by a valve area of less than
0.5 cm? per square meter, a transvalvular gradient of
more than 80 mm Hg, or a right ventricular systolic
pressure of more than 100 mm Hg.4950

In patients with moderate or severe pulmonary
stenosis, a right ventricular impulse may be palpated
at the left sternal border, and there may be a thrill at
the second left intercostal space. The first heart sound
is normal, and the second heart sound is widely split
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but moves normally with respiration; its pulmonary
component is soft and delayed. A harsh crescendo—
decrescendo systolic murmur that increases in inten-
sity with inspiration is audible along the left sternal
border. If the valve is pliable, an ejection click often
precedes the murmur; typically, the click softens or
disappears with inspiration. As the stenosis becomes
more severe, the systolic murmur peaks later in sys-
tole and the ejection click moves closer to the first
heart sound, eventually becoming virtually superim-
posed on it.

In cases of moderate or severe pulmonary steno-
sis, the electrocardiogram shows right-axis deviation
and right ventricular hypertrophy. Post-stenotic dil-
atation of the main pulmonary artery and dimin-
ished pulmonary vascular markings are evident on
radiography. The cardiac silhouette is usually normal
in size. An enlarged cardiac silhouette may be seen
if the patient has right ventricular failure or tricuspid
regurgitation. On echocardiography, right ventricular
hypertrophy and paradoxical septal motion during
systole are evident. The site of obstruction can be vis-
ualized in most patients. With the use of Doppler
flow studies, the severity of stenosis can usually be
assessed, so that catheterization and angiography are
unnecessary.

The presence or absence of symptoms, their sever-
ity, and the prognosis are influenced by the severity
of stenosis, the right ventricular systolic function, and
the competence of the tricuspid valve.50 Adults with
valvular pulmonary stenosis are often asymptomatic;
in such patients the condition is identified by auscul-
tation of a loud systolic murmur. When the stenosis is
severe, dyspnea on exertion or fatigability may occur;
less often, patients may have retrosternal chest pain or
syncope with exertion. Eventually, right ventricular
failure may develop, with resultant peripheral edema
and abdominal swelling. Finally, if the foramen ovale
is patent, shunting of blood from the right to the left
atrium may occur, causing cyanosis and clubbing.

Adults with mild valvular pulmonary stenosis are
usually asymptomatic; in such patients the condition
does not require correction. Survival among such pa-
tients is excellent, with 94 percent still alive 20 years
after diagnosis.#® Patients with mild valvular stenosis
who are undergoing elective dental or surgical proce-
dures should receive antibiotic prophylaxis against in-
fective endocarditis. In contrast, patients with severe
stenosis should have the stenosis relieved, since only
40 percent of such patients do not require any inter-
vention by 10 years after diagnosis.#® Patients with
moderate pulmonary stenosis have an excellent prog-
nosis with either medical or interventional therapy.*
Interventional therapy is usually recommended, since
most patients with moderate pulmonary stenosis even-
tually have symptoms requiring such therapy. Relief of
valvular stenosis can be accomplished easily and safely
with percutaneous balloon valvuloplasty, and a delay

in intervention offers no advantage. Balloon valvulo-
plasty, the procedure of choice, is usually successful,
provided the valve is mobile and pliant; its long-term
results are excellent.51-55 The secondary hypertrophic
subpulmonary stenosis that may occur with valvular
stenosis usually regresses after successful interven-
tion.>25¢ Valve replacement is required if the leaflets
are dysplastic or calcified or if marked regurgitation
is present.

Aortic Coarctation

Coarctation of the aorta typically consists of a dis-
crete, diaphragm-like ridge extending into the aortic
lumen just distal to the left subclavian artery at the
site of the aortic ductal attachment (the ligamentum
arteriosum) (Fig. 4). This condition results in hyper-
tension in the arms. Less commonly, the coarctation
is immediately proximal to the left subclavian artery,
in which case a difference in arterial pressure is not-
ed between the arms. Extensive collateral arterial cir-
culation to the distal body through the internal tho-
racic, intercostal, subclavian, and scapular arteries
frequently develops in patients with aortic coarcta-
tion. The condition, which is two to five times as fre-

Coarctation
Axillary artery
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aorta

Intercostal
Ligamentum Descending arteries
arteriosum aorta Internal
Pulmonary thoracic
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Figure 4. Coarctation of the Aorta.

Coarctation causes severe obstruction of blood flow in the de-
scending thoracic aorta. The descending aorta and its branches
are perfused by collateral channels from the axillary and inter-
nal thoracic arteries through the intercostal arteries (arrows).
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quent in men and boys as in women and girls, may
occur in conjunction with gonadal dysgenesis (e.g.,
Turner’s syndrome), bicuspid aortic valve, ventricu-
lar septal defect, patent ductus arteriosus, mitral ste-
nosis or regurgitation, or aneurysms of the circle of
Willis. 11,56

On physical examination, the systolic arterial pres-
sure is higher in the arms than in the legs, but the di-
astolic pressures are similar; therefore, a widened pulse
pressure is present in the arms. The femoral arterial
pulses are weak and delayed. A systolic thrill may be
palpable in the suprasternal notch, and left ventricular
enlargement may be noted. A systolic ejection click
(due to a bicuspid aortic valve) is frequently present,
and the second heart sound is accentuated. A harsh
systolic ejection murmur may be identified along the
left sternal border and in the back, particularly over
the coarctation. A systolic murmur, caused by flow
through collateral vessels, may be heard in the back.
In about 30 percent of patients with aortic coarcta-
tion, a systolic murmur indicating an associated bi-
cuspid aortic valve is audible at the base.

The electrocardiogram usually shows left ventric-
ular hypertrophy. On the chest radiograph, increased
collateral flow through the intercostal arteries causes
notching of the posterior third of the third through
cighth ribs; such notching is usually symmetric.
Notching is not seen in the anterior ribs, since the
anterior intercostal arteries are not located in costal
grooves. The coarctation may be visible as an inden-
tation of the aorta, and one may see prestenotic and
poststenotic dilatation of the aorta, producing the
“reversed E” or “3” sign. The coarctation may be
visualized echocardiographically, and Doppler exam-
ination makes possible an estimate of the transco-
arctation pressure gradient. Computed tomography,
magnetic resonance imaging, and contrast aortogra-
phy provide precise anatomical information regard-
ing the location and length of the coarctation; in ad-
dition, aortography permits the visualization of the
collateral circulation.

Most adults with aortic coarctation are asympto-
matic. The diagnosis is made during routine physical
examination, when systemic arterial hypertension is
observed in the arms, with diminished or absent fem-
oral arterial pulses. When symptoms are present, they
are usually those of hypertension: headache, epistax-
is, dizziness, and palpitations. Occasionally, dimin-
ished blood flow to the legs causes claudication. Pa-
tients sometimes seek medical attention because they
have symptoms of heart failure or aortic dissection.
Women with coarctation are at particularly high risk
for aortic dissection during pregnancy.

Complications of aortic coarctation include hyper-
tension, left ventricular failure, aortic dissection, pre-
mature coronary artery disease, infective endocarditis,
and cerebrovascular accidents (due to the rupture of
an intracerebral aneurysm). Two thirds of patients
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over the age of 40 years who have uncorrected aor-
tic coarctation have symptoms of heart failure. Three
fourths die by the age of 50, and 90 percent by the
age of 60.11,57

Surgical repair should be considered for patients
with a transcoarctation pressure gradient of more than
30 mm Hg. Although balloon dilatation is a thera-
peutic alternative, the procedure is associated with a
higher incidence of subsequent aortic aneurysm and
recurrent coarctation than surgical repair.58 Postop-
erative complications include residual or recurrent hy-
pertension, recurrent coarctation, and the possible
sequelae of a bicuspid aortic valve.® The incidence
of persistent or recurrent hypertension, as well as the
survival rate, is influenced by the patient’s age at the
time of surgery. Among patients who undergo sur-
gery during childhood, 90 percent are normotensive
5 years later, 50 percent are normotensive 20 years lat-
er, and 25 percent are normotensive 25 years later.!!
In contrast, among those who undergo surgery after
the age of 40 years, half have persistent hypertension,
and many of those with a normal resting blood pres-
sure after successful repair have a hypertensive response
to exercise.

Similarly, survival after repair of aortic coarctation
is also influenced by the age of the patient at the time
of surgery. After surgical repair during childhood,
89 percent of patients are alive 15 years later and 83
percent are alive 25 years later. When repair of co-
arctation is performed when the patient is between
the ages of 20 and 40 years, the 25-year survival is 75
percent. When repair is performed in patients more
than 40 years old, the 15-year survival is only 50
percent.11.60
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