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RIGHT VENTRICLE-DEPENDENT CORONARY

CIRCULATION IN PULMONARY ATRESIA WITH

INTACT VENTRICULAR SEPTUM: A CASE REPORT
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Pulmonary atresia with intact ventricular septum (PAIVS) is a morphologically heterogeneous lesion
and accounts for 1–3% of critically ill infants with congenital heart disease. Numerous surgical approaches
have been attempted with varying degrees of success, but the mortality rate is still high in most
series. The optimal surgical procedure depends on the size and morphology of the tricuspid valve
and right ventricle and the presence or absence of right ventricle-dependent coronary circulation. Therefore,
it is pivotal to define the precise morphologic and hemodynamic characteristics, especially coronary
artery anatomy. In this report, we describe a full-term female neonate with cyanosis soon after birth.
Two-dimensional and color Doppler echocardiography corroborated the diagnosis of PAIVS and showed
a small right ventricle. Cardiac catheterization indicated PAIVS and further revealed right ventricle-
dependent coronary circulation. A systemic-to-pulmonary artery shunt was constructed with a positive
immediate result.

Key Words: pulmonary atresia with intact ventricular septum,
right ventricle-dependent coronary circulation

(Kaohsiung J Med Sci 2005;21:236–40)

Received: December 23, 2004   Accepted: March 10, 2005
Address correspondence and reprint requests to: Dr. Jiunn-Ren Wu,
Department of Pediatrics, Kaohsiung Medical University Hospital,
100 Tzyou 1st Road, Kaohsiung 807, Taiwan.
E-mail: jirewu@cc.kmu.edu.tw

© 2005 Elsevier. All rights reserved.

Pulmonary atresia with intact ventricular septum (PAIVS)
is a rare complex of congenital heart diseases that is
characterized by striking morphologic diversity in the
degree of right ventricular hypoplasia and infundibular
pathoanatomy and the occurrence of right ventricle–
coronary artery connections. These variations are the major
determinants of treatment strategy and outcome in patients
with PAIVS. Numerous surgical approaches have been
attempted with varying degrees of success. Better under-
standing of the anatomy and hemodynamics of the lesion
has resulted in improved survival after palliative and
definitive surgery [1,2]. This report details a full-term

newborn with PAIVS and right ventricle-dependent cor-
onary circulation (RVDCC). We also review the literature
on the investigation and management of PAIVS.

CASE PRESENTATION

The patient was referred to our neonatal intensive care unit
5 hours after birth because of cyanosis and heart murmur.
She was a full-term neonate with a birth body weight of
2,420 g and was born via vaginal delivery after an uneventful
pregnancy.

Physical examination revealed moderate cyanosis with
pulse oximetry of around 80–85% and a grade I–II/VI con-
tinuous murmur over the left upper sternal border. Three
hours after admission, cyanosis was abruptly aggravated
with oxygen saturation down to 40–50%. She was intubated
and supplied with 100% oxygen. Prostaglandin E1 (PGE1)
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infusion was begun under the impression of ductus-
dependent cyanotic heart disease.

The 12-lead electrocardiogram showed a normal sinus
rhythm with a heart rate of 160 bpm, a frontal QRS axis of
+5°, right atrial enlargement, and left ventricular hyper-
trophy. Chest radiograph showed mild cardiomegaly with
a cardiothoracic ratio of 62% and decreased pulmona-
ry vascularity. Two-dimensional color Doppler echo-
cardiography showed a thickened, immobile, and atretic
pulmonary valve without antegrade blood flow. Pulmona-
ry blood flow was supplied via a patent ductus arteriosus
(Figure 1A). The ventricular septum was intact and the right
ventricle was small and hypertrophied. The tricuspid valve
annulus measured 10.5 mm, corresponding to a Z score
of –2.5 (Figure 1B). An interatrial right-to-left shunt was
also noted.

Hemodynamic investigation using cardiac cathe-
terization revealed an elevated right ventricular pressure of
57 mmHg and left ventricular systolic pressure of 67 mmHg.
Biplane right ventricle angiography showed a small right
ventricle and the absence of antegrade flow to the pulmonary
trunk. Contrast medium filling the small right ventricle
passed into the ventricle-coronary sinusoid with extensive
ramifications (Figure 2). The patient received continuous
PGE1 infusion. After vital signs stabilized, a right systemic-
to-pulmonary artery shunt (modified Blalock-Taussig shunt)
was constructed using a 3.5-mm Gortex conduit through
median sternotomy on the 10th day. The postoperative course
was uneventful.

Figure 1. (A) Two-dimensional echocardiogram parasternal short-axis
view showing lack of antegrade flow across the atretic pulmonary valve. A
patent ductus arteriosus with left-to-right shunt is also evident. (B) Apical
four-chamber view demonstrates a very small right ventricular cavity and
a tricuspid valve annulus measuring 10.5 mm. AO = aorta; LA = left atrium;
LV = left ventricle; RA = right atrium; RV = right ventricle.
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Figure 2. Biplane right ventriculogram in (A) frontal and (B) lateral
views demonstrate atretic pulmonary valve (arrow), intact ventricular
septum, a very hypoplastic right ventricle (RV), and extensive right
ventriculocoronary communication.
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At the outpatient clinic follow-up at 4 months of age, the
patient had oxygen saturation of between 80% and 85%
with room air. She was reported to be a good feeder and had
steady body weight gain. Echocardiography at this visit
revealed patent right Blalock-Taussig shunt and normal left
ventricular systolic function.

DISCUSSION

PAIVS is a rare disease with a reported incidence of 4–7 per
100,000 live births. Death in utero may occur, with an over-
all mortality in live-born children of greater than 50% [3].
According to the flow-related theory of cardiac devel-
opment, a relatively simple primary defect that occurs
during morphogenesis of the developing heart may lead to
altered pressure and flow patterns, which gradually induces
secondary hypoplasia or maldevelopment of major cardiac
structures. In PAIVS, many of the important morphologic
abnormalities develop secondary to the primary lesion of
pulmonary valve atresia.

Coronary artery abnormalities and right ventricular
myocardial sinusoids are common in PAIVS and have
profound effects on surgical management and outcome. An
important concept in management is RVDCC, which has
been generally defined as right ventricle to coronary artery
fistula associated with obstruction of more than one major
coronary artery. In this situation, retrograde coronary blood
flow from the hypertensive right occurring during systole
mediated by the ventriculocoronary connections may be
necessary for myocardial perfusion. Data have shown that
the poor prognosis in neonates with PAIVS is generally
related to either the presence of a small right ventricle and
RVDCC or to florid tricuspid regurgitation and low right
ventricular pressure [4].

Identification of a ventriculocoronary connection is one
of the weakest areas of echocardiography and is possible
only in rare cases with large communication. A report from
the Congenital Heart Surgeons Study shows that a negative
Z score correlates with the presence of ventriculocoronary
connections [4]. Recently, Satou et al found that a Z score of
–2.5 or less may be a good echocardiographic predictor of
coronary artery pathology [5], leading researchers to ques-
tion the need for preoperative diagnostic coronary angio-
graphy in patients with tricuspid valve annulus within a
normal range. However, most authors still suggest routine
preoperative cardiac catheterization for detailed coronary
artery anatomy, which is required for accurate diagnosis of
RVDCC.

Surgical treatment for PAIVS is complex because of the
wide spectrum of malformations within this entity and the
presence or absence of RVDCC. Most institutes use a two-
stage approach to optimize growth of the right ventricle and
tricuspid valve. In patients with mild-to-moderate right
ventricle hypoplasia, patent infundibulum, and absence of
RVDCC, right ventricle decompression has been advocated
as the initial palliative procedure to provide adequate
pulmonary blood flow and promote growth of the right
ventricle. Right ventricle decompression can be achieved
surgically or by interventional transcatheter perforation of
the atretic pulmonary valve, either alone or combined with
a systemic-to-pulmonary shunt [6]. Recently, radiofrequency
energy has been applied to perforate the atretic pulmonary
valve in patients with mild-to-moderate right ventricle
hypoplasia, which has the advantage of causing less myo-
cardial insult. Initial results have been encouraging [7,8].
Selection of the definitive procedure depends on the
development of the right ventricle and the tricuspid valve.
Biventricular repair is possible and an ideal definitive
procedure in patients with adequate right ventricle and
tricuspid valve size. Another alternative method is “one-
and-a-half repair” for patients with a right ventricle that is
functional but unable to support the entire pulmonary
blood flow [9]. In patients with severely hypoplastic right
ventricles, a modified Fontan procedure is considered
definitive. However, the criteria for determining the best
procedure remain unclear. Yoshimura et al have established
a management protocol based on quantitative assessment
of right ventricular morphology with positive results [10].

In the presence of RVDCC, any procedure reducing
right ventricular systolic pressure may result in myocardial
ischemia, infarction, and even death [1]. Therefore, patients
with RVDCC should undergo systemic-to-pulmonary shunt
alone and be placed on a one-ventricle algorithm (mod-
ified Fontan procedure), assuming left ventricular func-
tion is preserved. Indeed, some patients exhibit globally
reduced left ventricular function and should be considered
for heart transplantation.

With advanced understanding of coronary artery cir-
culation and the application of one-ventricle repair, survival
in patients with PAIVS and RVDCC has improved [11,12].
In the report by Powell et al, all 12 patients with PAIVS and
RVDCC initially underwent Blalock-Taussig shunt
placement and were then managed toward a modified
Fontan procedure. Using this strategy, an 83% 5-year
actuarial survival rate was achieved [13].

PAIVS can be diagnosed prenatally, and published data
suggest that hypoplasia of the right ventricle and the
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tricuspid annulus become more pronounced as pregnancy
advances if there is no forward flow through the pulmonary
valve [14]. It has been speculated that early valvulotomy in
the fetus may be able to alter the prenatal natural history,
prevent secondary damage to the fetal heart, and enable
better growth of the right ventricle, making it more amenable
to biventricular repair. Percutaneous balloon valvuloplasties
have been performed recently in fetuses with PAIVS.
Following the procedure, there has been significant growth
of the tricuspid valve and right ventricle [15]. It seems like-
ly that fetal cardiac intervention may become a useful
therapeutic technique for PAIVS.
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