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Introduction

Tetralogy of Fallot (TOF) is not rare, but the correla-
tion between prenatal ultrasonographic findings and
its neonatal angiograms have rarely been published.1,2

Reported here is a case of prenatal diagnosis of tetral-
ogy of Fallot with pulmonary atresia. The characteristic
ultrasonographic findings included a small pulmonary
artery, a large aorta, and a ventricular septal defect. The
search for an atretic pulmonary trunk and a ductus
arteriosus with reversed blood flow was emphasized
in the presence of asymmetrically dilated fetal heart.
After birth, the newborn received single-stage total cor-
rection for the tetralogy of Fallot and was discharged
a month later in stable condition.

Case Report

A 25-year-old gravida was referred to our fetal diagno-
sis unit at 29+1 gestational weeks because of suspected

fetal cardiac anomalies. Initial findings included asym-
metrically dilated fetal left heart with pericardial effu-
sion, which was 2.5 mm in width at the left pericardial
region (Figure 1A). Fetal echocardiograms including
standard 4-chamber view, 5-chamber view, right ven-
tricular outflow tract, left ventricular outflow tract,
short-axis and aortic arch views, and their respective
pulse-wave Doppler flow recordings, were performed
with a 2.0- to 5.0-MHz convex probe. A Voluson 730
(Kretztechnik AG, Tiefenbach, Austria) ultrasound
apparatus was used for the ultrasound studies.

The 4-chamber view showed a ventricular septal
defect 6.2 mm in length (Figure 1B). The cephalically
tilted 5-chamber view of the fetal heart showed an
enlarged aortic root overriding a defective ventricular
septum (Figure 1C). The dilated aortic root mea-
sured 6.7 mm in width (reference range, 95% confi-
dence interval [CI], 3.9–7.1 mm) (Figure 1C). The
right ventricular outflow tract of the fetal heart in short-
axis view demonstrated a right ventricle having nar-
rowed pulmonary artery 3.2 mm in width (reference
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range, 95% CI, 4.9–8.9 mm) at 29+1 gestational weeks
(Figure 1D).

On color flow mapping, the 5-chamber view of
the fetal heart showed an enlarged aorta overriding 
a defective interventricular septum (Figure 2A). The
short-axis view showed pulmonary trunk with reversed
blood flow (Figure 2B). The aortic arch view showed
reversed blood flow at the ductus arteriosus (Figure
2C). A reversed-pulse Doppler flow was detected at
the ductus arteriosus in short-axis view (Figure 2D).

Other than the fetal cardiac anomalies described,
fetal karyotyping revealed a normal 46,XY chromosome.
The fetal pericardial effusion subsided after maternal
bed rest 2 weeks later. At 40+5 gestational weeks, labor
was induced with oxytocin, but persistent fetal tachy-
cardia (fetal heart rate, 160–165 beats/min) was re-
corded. Cesarean section was performed due to the

non-reassuring fetal status. The male neonate appeared
to have mild cyanotic symptoms and weighed 3,800 g,
with Apgar scores of 8 and 9 at 1 and 5 minutes, respec-
tively. Neonatal echocardiography was performed imme-
diately after birth, and findings confirmed TOF with
pulmonary atresia. Cyanosis with oxygen desaturation
of 74% breathing room air was found in the neonate
after birth. Neonatal EKG showed sinus tachycardia,
and the neonate was admitted to the neonatal intensive
care unit for further evaluation and management.

On the 3rd postnatal day, cardiac catheterization
was performed for presurgical preparation. The ante-
rior posterior view of the right ventriculogram demon-
strated an enlarged aortic root (Figure 3A). The aortic
root was overriding a defective interventricular sep-
tum (Figure 3A). The lateral view demonstrated the
hypoplastic infundibulum with an atretic pulmonary

A B

C D

Figure 1. (A) Two-dimensional 4-chamber view of the fetal heart at 29+1 gestational weeks shows mild pericardial effusion in the left
heart. (B) The 4-chamber view of the fetal heart shows a large ventricular defect measuring 6.29 mm in width. (C) The 5-chamber view
of the fetal heart shows an enlarged aortic root overriding a defective interventricular septum. (D) The short-axis view of the fetal heart
shows narrowed diameter of the pulmonary artery. Bifurcation of the artery is also presented. LV = left ventricle; RV = right ventricle; 
LA = left atrium; RA = right atrium; AO = aorta; IVS = intraventricular septum; RPA = right pulmonary artery; LPA = left pulmonary artery;
PA = pulmonary artery.
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trunk (Figure 2B). The posterior anterior view of the
aortogram demonstrated the vertical duct originating
from the aortic arch, running horizontally at first, then
curving downward and connecting with the pulmonary
trunk (Figures 3C and 3D). The ductus arteriosus,
arising from the middle of the aortic arch, was supply-
ing both the strictured right pulmonary artery and
the patent left pulmonary artery. Under the impres-
sion of TOF with pulmonary atresia, and patent ductus
arteriosus supplying the pulmonary trunk, the new-
born received prostaglandin E1 for keeping the vertical
ductus arteriosus open.

After further discussion with family members, the
newborn was scheduled for total correction of the fetal
heart. The surgical intervention for total correction was
performed on the 27th day after birth. The operational
procedures included patent ductus arteriosus ligation,
ventricular septal defect repair, and right ventricular
outflow track reconstruction. Partial resection of the

hypertrophic muscle bands over the right ventricle
was also performed. The ventricular septal defect was
repaired with Gore-Tex patch (W.L. Gore & Associates,
Newark, NJ, USA), and the right ventricular outflow
track was reconstructed with expanded polytetrafluo-
roethylene monocuspid- valved equine pericardial patch.
The right atriotomy was closed with 6-0 prolene suture.
On the 19th day after single-stage operation, EKG read-
ings showed normal sinus rhythms. The oxygen satu-
ration breathing room air was higher than 90%. The
newborn was discharged weighing 4,090g and in stable
condition.

Discussion

TOF may not cause systemic hemodynamic compro-
mise in the uterus. Even in cases of very tight infun-
dibular stenosis and pulmonary atresia, the combined
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Figure 2. (A) The 5-chamber view of color flow mapping shows a ventricular defect and an enlarged ascending aorta (AAo). (B) The
short-axis view of the fetal heart shows that the pulmonary trunk artery (MPT) is fed with reversed blood flow from the ductus arteriosus.
(C) The longitudinal aortic arch view shows an enlarged ductus arteriosus (DA) that is fed with aortic flow from the aortic arch (AoA). (D)
Doppler flow mapping of a short-axis view of the fetal heart. The directionality of the blood flow is reversed to normal. LV = left ventricle;
RV = right ventricle.
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output of both ventricles is directed toward the aorta,
and the pulmonary vascular bed is supplied by reversed
flow through the ductus arteriosus. This concept is
supported by the fact that the newborn growth rate
of our case was within normal range and the birth
weight was 3,800 g at 40+5 gestational weeks.

The neonatal angiograms of this malformation
showed an atretic pulmonary valve and a vertical duct
originating from the aortic arch supplying both the
strictured right pulmonary artery and the patent left
pulmonary artery. The atretic part of the pulmonary
trunk of TOF proved difficult to image prenatally, but
the findings of a vertical duct with reversed blood
flow by color Doppler study indirectly confirmed the
presence of an atretic pulmonary valve.

In patients with pulmonary stenosis during fetal or
neonatal life, the ductus tends to be more tortuous. It
arises more cephalad on the aortic arch, and its aortic

origin is positioned more towards the concave apex of
the arch, as shown in the angiogram (Figure 3C). The
presence of such a vertical ductus may be related with
late peripheral pulmonary stenosis. If there is severe
pulmonary regurgitation after transannular patching
of the right ventricular outflow tract, severe right-
sided heart failure may result. The prenatal diagnosis
of TOF with pulmonary atresia may herald that there
are challenges ahead for the patient and physicians.

The traditional approach to managing TOF with
pulmonary atresia has been to place a systemic-to-
pulmonary artery shunt followed by a complete repair
after the first 6 months of life. However, there has been
a trend towards single-stage repair at an earlier age.3–6

It is certain from many reports, at least theoretically,
that early single-stage repair can minimize the adverse
effects of hypoxia, prevent organ damage, reduce devel-
opment of severe right ventricular hypertrophy and
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Figure 3. (A) The anteroposterior view of the angiogram of the newborn. The tip of the catheter is placed in the right ventricle. (B) The
lateral view of the angiogram with tip of the catheter placed in the right ventricle. (C) The anteroposterior view of the angiogram with the
tip of the catheter placed in the aortic arch. (D) The lateral view of the angiogram with the tip of the catheter placed in the aortic arch.
The vertical ductus (dotted lines) and the pulmonary trunk can be observed. AAo = ascending aorta; RV = right ventricle; IF = infundibulum;
RPA = right pulmonary artery; LPA = left pulmonary artery; MPT = pulmonary trunk artery.
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fibrosis, thereby avoiding extensive right ventricular
muscle resection, reduce ventricular arrhythmias, and
encourage the development of normal pulmonary vas-
culature with optimized functional outcomes.7,8 Most
importantly, early single-stage repair of TOF with pul-
monary atresia could avoid the use of extracardiac con-
duit and repeated surgery for conduit change as the
child grows. In our case, the bilateral pulmonary arter-
ies were potentially distensible. Therefore, rather than
palliation therapy, single-stage primary repair by placing
a systemic-to-pulmonary artery shunt was performed.

Traditionally, a transventricular approach for closure
of ventricular septal defect has been widely used and
is still in use with good results by many centers.9,10 The
proposed advantages of the transventricular approach
include closure of the malalignment-type ventricular
septal defect seen with TOF, and a thorough exami-
nation and resection of the infundibular muscle bundles.
The benefits of the transatrial/transpulmonary repair
are derived from eliminating or minimizing a right
ventriculotomy, which may cause late right ventricular
dilatation and dysfunction as well as ventricular arrhyth-
mia.11 However, in TOF with pulmonary atresia, as in
this case, transatrial transpulmonary repair is not fea-
sible and traditional transventricular approach is the
only choice.

Pulmonary regurgitation caused by transannular
repairs is generally tolerable long after the operation.
However, there are a certain percentage of patients
who will eventually be hemodynamically compromised.
Longstanding pulmonary regurgitation can result in
right ventricular failure, progressive right ventricular
distension, increasing tricuspid regurgitation, and
ventricular arrhythmias leading to sudden death.12,13

Although the postoperative condition of this neonate
was stable with normal sinus system without sign of
right heart failure, close follow-up is essential to deter-
mine the function of the pulmonary valve in the patient.
At this point, we believe a prenatal diagnosis of TOF
has improved neonatal outcome.
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