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Fetal Diagnosis of Tetralogy of Fallot, Major
Aortopulmonary Collateral Arteries, and an

‘‘Inverted’’ Pulmonary Valve Causing a Circular
Shunt

Michael Satzer, MD, Emina Hodzic, MD, Michael Argilla, MD, and Nadine Choueiter, MD,
Bronx and New York, New York
INTRODUCTION

Tetralogy of Fallot is the most common type of cyanotic congenital
heart disease and involves an anterior malalignment ventricular septal
defect (VSD) with aortic override and varying degree of right ventric-
ular outflow tract obstruction. Associated cardiovascular abnormal-
ities may be observed, including right aortic arch. Two unusual
subtypes include (1) tetralogy of Fallot with dysplastic/absent pulmo-
nary valve syndrome and (2) tetralogy of Fallot and pulmonary atresia
with major aortopulmonary collateral arteries (MAPCAs). We report
the fetal and postnatal course of a patient with tetralogy of Fallot,
MAPCAs, and a unique form of pulmonary valve dysplasia. Imaging
demonstrates complete obstruction of antegrade flow across the pul-
monary valve in systole and severe regurgitation in diastole, resulting
in a circular shunt involving the VSD.

CASE PRESENTATION

A 35-year-old woman (gravida 5, para 1) presented for fetal echocar-
diography at 20 weeks’ gestation due to an abnormal obstetric ultra-
sound. The pregnancy was complicated by pregestational diabetes
with elevated hemoglobin A1C of 13% in the first trimester.
Medications included labetalol (for chronic hypertension), low-dose
aspirin (prophylaxis against preeclampsia), and insulin. There was
no family history of congenital heart disease.

Fetal echocardiography revealed a large anterior malalignment
VSD with overriding aorta and right aortic arch (Figure 1; Video 1).
Vessels consistent with MAPCAs originated from the aorta. There
was no antegrade blood flow across the pulmonary valve. However,
retrograde flow returned to the right ventricle from the main and
left pulmonary arteries throughout diastole (Figure 2; Videos 2 and
3). Thin and elongated pulmonary valve tissue appeared to prolapse
into the right ventricular outflow tract during diastole, causing severe
regurgitation. However, during systole the valve tissue seemed to
coapt and obstruct antegrade flow (Figure 2C and 2D; Video 1).
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Imaging through 31 weeks of gestation also documented confluent
branch pulmonary arteries. The proximal branch pulmonary arteries
were of normal diameter for gestational age, although the main pul-
monary artery (MPA) and pulmonary annulus weremoderately hypo-
plastic. Biventricular systolic function and the cardiothoracic ratio
remained normal. No significant atrioventricular valve regurgitation
was observed.

Labor was induced at 38 weeks’ gestation. A transthoracic echocar-
diogram of the male infant confirmed the prenatal findings of
abnormal pulmonary valve function (Figures 3 and 4; Videos 4
and 5). Attachments of valvular tissue to the right ventricular free
wall were suspected, providing a potential explanation for the failure
of valve leaflets to open into the pulmonary artery. The right ventricle
was hypertrophied, and biventricular systolic function was normal. A
small vessel inferior to the aortic arch was concluded to be a persistent
fifth aortic arch (Figure 5).

The early postnatal course was marked by severe hypoxemia, sys-
temic hypotension, and elevated serum lactate levels. The child was
intubated, and intravenous prostaglandin was initiated to maintain
patency of a ductus arteriosus. Additional therapy included inhaled ni-
tric oxide, epinephrine, hydrocortisone, and triiodothyronine (T3).

Cardiac catheterization was performed at day 1 of life. On FiO2 of
1.0 and 40 ppm inhaled nitric oxide, systemic arterial oxygen satura-
tion was low at 81% (PaO2 44mmHg). Contrast filling defects consis-
tent with pulmonary valve leaflets were noted in the expected
location, whose hinge points coincided with an apparent annulus;
the pulmonary root otherwise appeared anatomically normal.
Figure 1 Fetal echocardiogram (27 weeks’ gestation) in trans-
verse view showing right aortic arch (†) with aorta overriding
the right ventricle (*). A hash mark (#) indicates the fetal spine.
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Figure 2 Fetal echocardiogram in systole (A, C) and diastole (B, D)
artery (LPA) to MPA to right ventricle (*). An off-axis view (C, D) sh
ventricle in diastole. Ao, Aorta. A hash mark (#) indicates the fetal s

VIDEO HIGHLIGHTS

Video 1: Fetal echocardiogram demonstrating overriding

aorta, VSD, right aortic arch, and dysplastic pulmonary

valve.

Video 2: Fetal echocardiogram with color comparison in

transverse view showing diastolic pulmonary regurgitation via

left pulmonary artery to MPA to right ventricle.

Video 3: Fetal echocardiogram with color comparison

showing antegrade flow across the aortic valve during systole

and retrograde pulmonary regurgitant flow during diastole.

Video 4: Transthoracic echocardiogramwith parasternal short-

axis color comparison.

Video 5: Transthoracic echocardiogram with parasternal long-

axis sweep (sweeping initially posteriorly to the tricuspid valve,

then anteriorly to the pulmonary valve).

Video 6: Lateral angiogram with injection into the MPA,

demonstrating unrestricted pulmonary valve regurgitation and

inverted (or reversed) pulmonary valve leaflet movement.

Video 7: Anterior-posterior angiogram with contrast injection

in the right ventricle.

Video 8: Lateral angiogram with selective injection in a

MAPCA from the descending aorta demonstrating contrast

communicating with the central pulmonary arteries and then the

right ventricle.

Viewthevideocontentonlineatwww.cvcasejournal.com.
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However, in diastole there was hinged excursion of the valve leaflets
backward into the right ventricular outflow tract, associated with un-
restricted regurgitation. In systole, the leaflets hinged forward,
arresting to form a plate at the annulus with the appearance of a
closed valve (Figure 6; Video 6). Right ventricular angiography
showed no antegrade flow across the pulmonary valve (Figure 7;
Video 7). Pulmonary angiography demonstrated unrestricted pulmo-
nary regurgitation. Several small MAPCAs supplied confluent branch
pulmonary arteries (e.g., Figure 8; Video 8). Competitive flow from
the MAPCAs resulted in retrograde flow from the pulmonary arteries
to the right ventricle.

Prostaglandin was discontinued as there was no evidence of a true
ductus arteriosus. Surgical intervention was performed at 5 days of
age. As a palliative measure, the MPAwas ligated without surgical di-
vision to abolish the circular shunt, while preserving the MPA for use
in later repair. The procedure resulted in improvement in systemic
oxygenation. Due to the small size of the MPA and pulmonary infun-
dibulum, placement of a transannular patch (standard method of
repair) could not reasonably be performed. Complete surgical repair
was thus deferred, and a 3.5 mm modified Blalock-Taussig shunt was
placed to augment pulmonary blood supply and allow the patient to
grow. Signs of mild pulmonary overcirculation were subsequently
evident, but well controlled by diuretic therapy. At 5 months of age,
the infant was clinically well with slow but steady weight gain.
Comprehensive repair of tetralogy of Fallot is anticipated within a
period of months. A chromosomal microarray was normal.
DISCUSSION

This is the first report to the authors’ knowledge of an unusual variant
of tetralogy of Fallot with MAPCAs and absent antegrade pulmonary
. Diastolic pulmonary regurgitation is seen (B) via left pulmonary
ows pulmonary valve tissue (triangles) extending into the right
pine.
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Figure 3 Transthoracic short-axis imaging analogous to Figure 3, in systole (A) and diastole (B). Pulmonary valve tissue coapts in
systole and opens into the infundibulum in diastole (arrows). A caret (̂) indicates the VSD.

Figure 4 Parasternal long-axis view angled anteriorly to the right
ventricular outflow tract, showing suspected attachment
(arrows) of the pulmonary valvular material to the right ventricular
free wall.

Figure 5 Transthoracic echocardiogram sagittal view of the
aortic arch with inferior diminutive persistent fifth aortic arch
(arrow).
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Figure 6 Lateral angiogram with injection into the MPA demon-
strating the pulmonary valve leaflets closing at the level of the
pulmonary valve annulus (arrows) in systole (A) and opening
backward into the right ventricular outflow tract in diastole (B).

Figure 7 Cardiac catheterization (anterior-posterior view) with
contrast injection in the right ventricle (*). Contrast enters the
aorta (†) through the VSD, although it does not cross the pulmo-
nary annulus (arrow) in systole.
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blood flow, yet with severe pulmonary regurgitation due to a
dysplastic pulmonary valve. Although findings are evocative of ‘‘func-
tional pulmonary atresia,’’ this label has traditionally been applied to
cases with a structurally normal pulmonary valve. In such instances,
absent antegrade flow results from tricuspid valve disease (e.g.,
Ebstein’s anomaly), right ventricular dysfunction (e.g., Uhl’s anomaly),
or elevated pulmonary vascular resistance.1,2 Instead, the present case
of tetralogy of Fallot with ‘‘inverted’’ pulmonary valve demonstrates
features of both dysplastic/absent pulmonary valve syndrome and
anatomic pulmonary atresia.

Tetralogy of Fallot comprises pulmonary infundibular hypoplasia,
anterior malalignment VSD, and varying degrees of pulmonary
outflow obstruction.3 In cases of pulmonary atresia, pulmonary blood
flow may arise from a ductus arteriosus, MAPCAs, coronary arteries,
and/or bronchial arteries.4,5 Central pulmonary arteries are often hy-
poplastic or atretic in this situation. Absent/dysplastic pulmonary
valve is another subtype of tetralogy of Fallot, wherein the valve is
‘‘rudimentary’’ with combined stenosis and severe regurgitation. The
pulmonary arteries are typically massively dilated, causing tracheo-
bronchial compression. A ductus arteriosus is almost universally ab-
sent. To our knowledge, the concurrent presence of MAPCAs has
not been reported.6-8

Despite anatomic similarities between our case and these two sub-
types of tetralogy of Fallot, the postnatal course of our patient differed
significantly from both. The branch pulmonary arteries were not
dilated, and there was no tracheobronchial obstruction. Pulmonary
blood flow was supplied by several MAPCAs, though a large fraction
was lost to circular shunting (with flow from aorta to MAPCAs to
branch pulmonary arteries to main pulmonary artery to right ventricle
to VSD to aorta). This shunt resulted in decreased effective
pulmonary blood flow, especially in the setting of relatively elevated
pulmonary vascular resistance of the newborn. Profound hypoxemia
and tissue hypoxia ensued, although these improved with pulmonary
vasodilator and systemic vasoconstrictor therapy and further
improved following surgical ligation of the pulmonary artery by dis-
rupting the circular shunt.

A comparison may be drawn with the circular shunt of Ebstein’s
anomaly accompanied by pulmonary regurgitation and patent ductus
arteriosus. In our case the right ventricle participated in systemic
output, which does not occur in Ebstein’s anomaly. Notably, palliative
surgical ligation of the pulmonary artery has also been described in
cases of Ebstein’s anomaly involving circular shunt.9

Any embryologic explanation of the findings in this case would be
speculative. Cardiac valves develop from layers of extracellular matrix
derived from endocardial cushions in the primitive heart tube. Layers
are normally oriented with the direction of blood flow.10 Onemay hy-
pothesize that some factor—molecular or hemodynamic—disrupted



Figure 8 Cardiac catheterization with selective injection into a MAPCA supplying bilateral lower lung segments and ultimately
communicating with the right ventricular outflow (triangle). Left: anterior-posterior view; right: lateral view; arrow: catheter tip.
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the normal stratification or polarity of layering in the developing valve.
Imaging also suggests the presence of anomalous tissue anchoring the
valve to the right ventricular wall.

Surprisingly, the chromosomal microarray was normal. Tetralogy of
Fallot with pulmonary atresia and MAPCAs is highly associated with
22q11.2 deletion syndrome, particularly in the presence of a right
aortic arch.11 Absent pulmonary valve is also strongly associated
with this syndrome.8 Increased incidence of tetralogy of Fallot is
also observed in maternal diabetes, a potential factor in this case.12

Although rare, tetralogy of Fallot with persistent fifth aortic arch has
been described elsewhere. This vessel functioned as a systemic-to-sys-
temic shunt in our patient, rather than a systemic-to-pulmonary shunt
that may be seen with severe right-sided obstructive lesions.13 Thus,
the finding did not significantly affect hemodynamics.

A final unexpected observation of this case is that fetal cardiac func-
tion was preserved despite severe pulmonary regurgitation and sys-
temic-to-pulmonary artery shunting. Such physiology has been
considered potentially lethal during fetal life in tetralogy of Fallot
and absent pulmonary valve with patent ductus arteriosus.14,15

While fetal imaging in our patient suggested that a ductus arteriosus
might be present, postnatal angiography showed only MAPCAs. A
key difference in this case, compared with absent pulmonary valve,
is the lack of antegrade pulmonary flow. The right ventricle thus
contributed more significantly to systemic blood flow. Additionally,
the resistive properties of MAPCAs likely exceed those of a large duc-
tus arteriosus, being of narrower diameter and more distal insertion
into the pulmonary vasculature. Similarly, the hypoplastic MPA
and normally sized (but relatively smaller) branch pulmonary arteries
of the present case may have reduced the volume of pulmonary
regurgitation.
CONCLUSION

This case demonstrates a previously undescribed variant of tetralogy
of Fallot with MAPCAs, in which dysplastic pulmonary valve tissue
functionally results in the reversal of normal pulmonary valve physi-
ology, with absent antegrade blood flow and unrestricted regurgita-
tion, with MAPCAs supplying pulmonary blood flow. Fetal
echocardiographic diagnosis was possible by 20 weeks’ gestation,
although complementary neonatal angiography was necessary to
accurately define sources of pulmonary blood flow. Additionally,
this case highlights therapeutic challenges posed by an unusual
circular shunt.
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