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High-Pressure Pulmonary
Artery Aneurysm and
Unilateral Pulmonary
Artery Agenesis in an Adult

The presence of a pulmonary artery aneurysm, major aortopulmonary and coronary—pul-
monary collateral vessels, and severe pulmonary hypertension in an adult with unilateral
pulmonary artery agenesis and previous patent ductus arteriosus ligation is very rare. A
34-year-old man experienced these conditions. When he was 10 years old, catheterization
and angiography revealed right pulmonary artery agenesis, dilation of the main pulmonary
artery, multiple collateral vessels extending from the aorta to the right pulmonary system,
and a patent ductus arteriosus (shunt ratio, 3.57) that was then ligated; the other conditions
were not corrected.

This adult patient was in New York Heart Association functional class I, mild central
cyanosis was detected only during exercise. The right pulmonary arterial system was seen
only at the right hilar area via collateral vessels from the subclavian, bronchial, internal mam-
mary, and intercostal arteries. Angiography revealed collateral vessels from the right and
circumflex coronary arteries to the right pulmonary system. The right intraparenchymal pul-
monary arterial systems were patent but of small diameter (pulmonary artery pressure, 85
mmHag; ratio of peak right-to-left ventricular pressure, 0.94, peak pulmonary pressure unre-
sponsive to 100% oxygen). Pulmonary vascular resistance was not estimated because of
the risk of aneurysmal rupture.

We concluded that irreversible pulmonary hypertension had developed (delayed by the
patent ductus arteriosus ligation in childhood) and that the patient’s only chance for sur-
vival was heart-lung transplantation. To sustain the patient until surgery, we administered
sildenafil. Herein, we describe the vascular conditions that accompany unilateral absence
of the pulmonary artery, and therapeutic methods. (Tex Heart Inst J 2007:34:425-30)

ongenital unilateral absence of the pulmonary artery (UAPA) is a rare condi-

tion that is a result of embryologic defects and may be accompanied by car-

diovascular, skeletal, and other anomalies. Absence of the left pulmonary
artery (PA) is commonly seen in patients who have tetralogy of Fallot or truncus ar-
teriosus; absence of the right PA is often an isolated finding. The embryologic basis
for UAPA is malformation of the 6th aortic arch on the affected side."” Persons with
this anomaly have a normal pulmonary trunk but a unilateral absence of the branch
PA. Some authors prefer to use the term “proximal interruption of a pulmonary ar-
tery,>* because the more distal parenchymal pulmonary vessels are generally intact
and patent, although of small diameter.

Herein, we describe the clinical and laboratory features of an adult whose UAPA
and patent ductus arteriosus (PDA) were diagnosed in childhood but who at that time
underwent only PDA ligation. We describe the vascular conditions that accompany
UAPA, and methods of therapy.

Case Report

In June 20006, a 34-year-old man was admitted to our hospital with a history of exer-
tional dyspnea since childhood and, for a few months, of cyanosis during heavy effort.
The patient had undergone a PDA ligation at 10 years of age. He had no history of
hemoptysis or of frequent pulmonary infection.

Physical examination revealed a man in outwardly good condition but in New
York Heart Association functional class II. His blood pressure was 95/65 mmHg;
pulse, 96 beats/min; respiratory rate, 21 breaths/min; and temperature, 36 °C. The
popliteal systolic and diastolic blood pressure readings were the same as those in
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the arms. Chest wall excursions and breath sounds were
equal in both sides of the chest. The patient’s jugular ve-
nous pressure was elevated (10 cm H,O), with promi-
nent 2 waves. There was a prominent right ventricular
impulse, and a large area of pulsatility in the pulmonary
region. Auscultation revealed a pulmonary ejection click
followed by a short systolic ejection murmur, a widely
split 2nd sound, and a long, diastolic, pulmonary-regur-
gitation murmur. Clubbing, telangiectasia, and edema
were not noted. Mild mucosal and peripheral cyanosis
was seen when he exercised moderately. The liver and
spleen were of normal size and location. Results of tests
for complete blood count, blood urea nitrogen levels,
electrolyte concentrations, and C-reactive protein con-
centration were all normal. Protein C, protein S, and
antithrombin III readings were within normal limits.
The results of rheumatologic tests were negative.

Arterial blood gases with the patient on room air
showed a pH of 7.4, arterial carbon dioxide partial pres-
sure of 32.1 mmHg, and arterial oxygen partial pressure
of 82.8 mmHg; the bicarbonate level was 40.3 mmol/
L, and oxygen saturation was 86%. Bilateral lower-
extremity venous Doppler ultrasonography showed
normal flow patterns. Whole-abdominal Doppler ultra-
sonography showed no abnormalities. Electrocardiogra-
phy (Fig. 1) showed sinus rhythm with right ventricular
hypertrophy, right-axis deviation, and right ventricular
strain pattern (T-wave inversion in the right precordial
leads and ST-segment depression). Echocardiography
showed normal left ventricular size and function, right
ventricular hypertrophy and mild dilation, flattening of
the interventricular septum, right atrial dilation, mod-
erate tricuspid regurgitation, and systolic PA pressure of
95 mmHg,. Posteroanterior chest radiography (Fig. 2)
revealed a loss of volume in the right lung, the absence
of a PA shadow in the right hilar region, grossly dimin-
ished right pulmonary vascular markings, right hemi-
diaphragm elevation, contralateral lung hyperinflation
and herniation beyond the midline, and apparent left
PA dilation.

Computed tomography (CT) showed that the ascend-
ing aorta, aortic arch, and thoracic aorta were of normal
size. The widest PA diameter was 61 mm. The left main
PA diameter was 28 mm. The intraparenchymal left
pulmonary system was patent and normal. The right
PA (diameter, 9 mm) was visible at the right hilar re-
gion because of CT contrast material spread via collater-
al vessels that extended from the hypertrophic bronchial
arteries, the right internal mammary artery, and the in-
tercostal arteries. The intercostal arteries had established
large collateral vessels to the right intraparenchymal PA
systems in the subpleural areas. There was no throm-
bus or dissection in either the main pulmonary trunk or
the left PA system. The collateral vasculature from the
intercostal arteries was retrogradely supplying the right-
lung PA system in the subpleural region. The vessels of
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the right intraparenchymal arterial system were patent
but of small diameter. The total volume of the right lung
was less than that of the left (Figs. 3A and 3B).

Digital subtraction angiography showed UAPA and
an aneurysm of the main and left PA (Fig. 4). The main
pulmonary trunk was greatly dilated at 6.3 cm. The left
peripheral PA system was diminished in luminal diam-
eter, which suggested elevated PA pressure. A complete
hemodynamic study and an oximetric study were per-
formed by means of cardiac catheterization. Because of
the risk of aneurysmal rupture, pulmonary vascular re-
sistance was not estimated. Peak PA pressure was 85
mmHg. The ratio of peak right ventricular pressure to
left ventricular pressure was 0.94, and peak pulmonary
pressure did not decrease in response to 100% oxygen.
Selective coronary angiography (Fig. 5) showed some
collateral vessels extending from the right and circum-
flex coronary arteries to the right PA. An aortogram of
the descending aorta (Fig. 6) showed multiple large col-
lateral vessels that originated from the ascending aorta,
aortic arch, and descending aorta and extended to the
right PA system. Right renal artery angiography (Fig. 7)
showed collateral vessels arising from a major branch of
this artery and extending to the lower lobes of the right
lung.

Fig. 1 Electrocardiogram shows right ventricular hypertrophy,
right-axis deviation, and right ventricular strain pattern.

H

Fig. 2 Typical posteroanterior chest radiograph in our patient
with unilateral absence of the right pulmonary artery.

Volume 34, Number 4, 2007



Fig. 3 Contrast-enhanced computed tomographic sections of the thorax, in 3-dimensional view (A) and in 0.75-mm crosscut recon-
structed view (B), show unilateral absence of the right pulmonary artery, associated vascular pathogenesis, and a total volume of the
right lung less than that of the left.

The patient experienced episodes of cyanosis, and he
had echocardiographically detected right ventricular di-
lation; accordingly, his UAPA was considered inopera-
ble. Several cardiac surgeons declined to operate because
of the high risk of surgery in a patient who had severe
pulmonary hypertension. Eventual heart-lung trans-
plantation seemed the best option, but, until that sur-
gery could occur, the only remaining alternative was
conservative treatment of the pulmonary hypertension
by pharmacologic vasodilation. We decided to treat the
patient with sildenafil citrate at a daily dosage that would
be gradually increased from 75 mg to 150 mg daily.

Fig. 4 Digital subtraction angiography in our patient with uni-
lateral absence of the right pulmonary artery shows proximal
interruption of the right pulmonary artery and an aneurysm of the
main and left pulmonary arteries.

Fig. 5 Selective coronary angiography shows collateral vessels Fig. 6 Aortogram of the descending aorta shows multiple large
extending from the right and circumflex coronary arteries to the collateral vessels extending to the right pulmonary arterial sys-
right pulmonary arterial system. tem, and selective injections of collateral vessels.
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Fig. 7 Arterial angiography shows a major branch of the right
renal artery supplying collateral vessels to segments of the lower
lobe of the right lung.

After discharge from the hospital, the patient was
scheduled for regular follow-up by clinical examina-
tion and telephone interview. He was well at 1 and 3
months. He remained stable on sildenafil at 10 months,
but he reported no improvement in his exercise capaci-
ty and quality of life. On catheterization, peak PA pres-
sure was the same as it had been 10 months before.

In August 2007, we learned that the patient, who was
still awaiting heart-lung transplantation, had experi-
enced sudden cardiac death at home.

Discussion

Unilateral absence of the PA is difficult to diagnose,
and it may occur as an isolated condition or in associa-
tion with other congenital heart defects. Cardiovascular
anomalies associated with UAPA are tetralogy of Fallog,
right aortic arch, septal defects, and PDA.>” Most cases
of UAPA are diagnosed and surgically treated during
the patient’s Ist year of life.*® Some patients with isolat-
ed UAPA have a benign clinical course, and the diagno-
sis may not be made until they are adults. Patients who
survive to adulthood usually present with few symp-
toms.**'* Clinically, UAPA is characterized by increased
pulmonary blood flow to the existing PA, by the pres-
ence of aortopulmonary collateral vessels extending to
the lung that lacks the PA branch, and by pulmonary
hypertension, right ventricular failure, and cyanosis.
The principal differential diagnosis is Swyer-James
(or Macleod’s) syndrome, in which the affected hemi-
thorax may or may not be small. The differential di-
agnostic criteria of UAPA for this syndrome have been
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described.**"" Anomalous origin of the PA should also be
considered. In this condition, one of the PAs originates
directly from the ascending aorta or from the transverse
aortic arch. Either or both of the PAs can originate di-
rectly from the aorta; in almost 80% of cases, it is the
right PA, and in approximately 75% of cases, a PDA
is present. The clinical manifestations usually occur
in infants (or, more rarely, in newborns) as respiratory
distress or congestive heart failure due to increased pul-
monary resistance. Unilateral absence of the PA is com-
pletely different from anomalous origin of the PA, and
angiocardiography distinguishes between these condi-
tions.”* "

The clinical presentation of UAPA is variable; approx-
imately 30% of patients remain asymptomatic through-
out their lives.* There may be mild dyspnea on exertion,”
and up to 40% of patients experience recurrent pul-
monary infections." Pool and colleagues' reviewed 98
cases and found a 10% incidence of hemoptysis, but
other researchers have documented a higher frequency
of hemoptysis as the presenting symptom, especially in
adults.” When hemoptysis occurs, it is most often in-
consequential and arises from hypertrophic collateral
vessels."*!°

In adult patients, chronic thromboembolic occlusion
of a PA can be mistaken for UAPA." Reaching a dif-
ferential diagnosis can be difficult because of shared
features seen on chest radiography, pulmonary angiog-
raphy, CT, and magnetic resonance imaging. Because
the respective methods of surgical correction vary sub-
stantially, accurate diagnosis is important. Chronic pul-
monary embolism can manifest itself on CT scan in
particular as complete occlusive disease in vessels that
are smaller than adjacent patent vessels. Other pulmo-
nary CT angiographic findings that characterize and
distinguish chronic pulmonary embolism from UAPA
include evidence of recanalization, webs or flaps in the
PAs, and partial filling defects that form obtuse angles
with the vessel wall.”

Pulmonary blood supply via major aortopulmonary
collateral arteries is commonly associated with pulmo-
nary atresia with ventricular septal defects (PA/VSD)
and occasionally with tetralogy of Fallot. Only very
rarely have these major collateral arteries been described
in the presence of pulmonary atresia with intact ventric-
ular septum.” Pulmonary atresia with intact ventricular
septum is an uncommon condition, and postnatal sur-
vival is dependent on the patency of the ductus arteri-
osus, the patency, presence, and development of major
aortopulmonary collateral arteries, and intra-atrial com-
munications.” Two unusual cases of muscular pulmo-
nary atresia with an intact septum have been reported.
In both, the pulmonary blood supply came entirely from
aortopulmonary collateral vessels. These observations
suggest right ventricular outflow tract obstruction early
in fetal development, with involution of the pulmonary
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trunk, 6th-arch derivatives, and persistence of primitive
aortopulmonary connections. Pulmonary atresia with
intact septum and PA/VSD are 2 separate pathologic
entities that occur at different stages in fetal develop-
ment.”

In early embryonic development, transient system-
ic-to-pulmonary collateral arteries may arise during 2
extended periods. During maldevelopment of the pul-
monary outflow tract, these transient connections may
persist as systemic-to-pulmonary collateral arteries. The
timing and the extent of pulmonary outflow tract mal-
development may determine the origin and distribution
of the collateral arteries. When pulmonary obstruction
occurs at a very late stage of fetal development or after
birth, bronchial arteries can develop into systemic-to-
pulmonary collateral arteries.” Fadel and associates™
showed that PA occlusion stimulates angiogenesis in the
systemic circulation of the ipsilateral lung and increas-
es systemic-to-pulmonary blood flow. After a period of
pulmonary occlusion, revascularization normalizes the
systemic blood flow to the lung and induces a partial
loss of collateral vessels. It has been shown that, in con-
genital heart disease, certain aortopulmonary collateral
arteries have a marked histologic similarity to the duc-
tus arteriosus.” It is argued that these connections can
persist in human beings as aortopulmonary collateral
vessels, in certain cases with abnormalities in the pul-
monary part of the cardiac outflow tract.”

In 2002, Ten Harkel and colleagues* searched the
literature for cases of isolated UAPA and determined
that pulmonary hypertension was present in 44% of the
108 cases so identified. Surgery was performed in 17%
of the 108 patients because of recurrent hemoptysis, in-
tractable pulmonary infections, severe pulmonary hy-
pertension, cyanosis, and congestive heart failure. The
primary procedures were pneumonectomy, lobectomy,
ligation and embolotherapy of arteriovenous malforma-
tions, and revascularization or reconstruction of the PA.
The overall mortality rate was 7%.

Pulmonary hypertension is characterized by a pro-
gressive increase in pulmonary vascular resistance and
has a poor prognosis. Current management includes
supportive therapy and specific drugs that regulate en-
dothelial function. Sildenafil citrate, a highly selective
inhibitor of phosphodiesterase type 5, induces pulmo-
nary vasodilation. Animal models and human studies
have shown that sildenafil is an effective agent in treat-
ing pulmonary hypertension.” The effect of sildenafil
on the pulmonary vasculature appears to be indepen-
dent of the underlying cause. Although the reported
results in pulmonary hypertension are promising, sil-
denafil is unproven in treating congenital heart disease,
and randomized controlled studies will be required to
validate its safety, efficacy, and dosage.”

We believe that, depending on the species of animal,
the ductus arteriosus and other collateral arteries con-
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nect systemic and pulmonary circuits and may close
permanently or attain a capacity to close and reopen,
depending on physiologic need. In our patient, the duc-
tus arteriosus and systemic-to-pulmonary collateral ves-
sels probably persisted in the right lung. The prognosis
of patients with UAPA can depend largely on the coex-
isting cardiac anomaly (left-to-right shunt) and on the
presence or absence of pulmonary hypertension. When
pulmonary hypertension develops, UAPA has a worse
prognosis, because PA aneurysmal dissection or rupture
may occur. These complications are rare and are usual-
ly lethal.

In our patient, UAPA was present with a PDA and
large aortopulmonary and coronary artery-to-PA col-
lateral vessels. The PDA ligation in childhood probably
delayed the development of his pulmonary hyperten-
sion. A patient with UAPA and a high-pressure pulmo-
nary aneurysm can survive for a relatively long time,
even without corrective surgery, and can experience pro-
longed periods of few symptoms. Although sildenafil
had no favorable effects on our patient’s high PA pres-
sure and exercise tolerance, progressive clinical and he-
modynamic deterioration did not detectably occur for
months. Such a time of stability should be regarded as
an opportunity for the physician to sustain the patient
who is awaiting heart-lung transplantation.
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