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Abstract
Objective—Conotruncal anomalies represent one-fifth of all congenital heart defects (CHDs)
detected in the fetus. However, the spatial relationship of the great vessels is incorrectly defined in
about 20% of these cases. The sagittal view of the ductal arch is considered a standard
ultrasonographic view in fetal echocardiography, and can be easily visualized using four-dimensional
(4D) ultrasonography. This study was designed to determine the role of this ultrasonographic plane
for the prenatal diagnosis of conotruncal anomalies.

Methods—We reviewed four-dimensional volume data sets, acquired with the spatiotemporal
image correlation technique, from fetuses with and without confirmed conotruncal anomalies. The
visualization rate of the sagittal view of the ductal arch was compared among groups using
standardized multiplanar views.

Results—This study included 183 volume data sets from fetuses in the following groups: 1) normal
echocardiography (n=130); 2) conotruncal anomalies (n=18); and 3) other CHDs (n=35). Volumes
of poor image quality were excluded from analysis [8.2% (15/183)]. The visualization rate of the
sagittal view of the ductal arch was significantly lower in fetuses with conotruncal anomalies [5.6%
(1/18)] than that in fetuses without abnormalities [93.1% (108/116)] and that in fetuses with other
CHDs [79.4% (27/34); P<0.01]. Absence of visualization of the sagittal view of the ductal arch was
associated with a likelihood ratio of 9.44 (95% Confidence interval: 5.8–15.5) to have conotruncal
anomalies.

Conclusion—The sagittal view of the ductal arch may play an important role in the screening and
prenatal diagnosis of conotruncal anomalies in 4D ultrasonography.
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Introduction
Conotruncal anomalies are congenital heart defects (CHDs) characterized by abnormal
development of the conotruncal septum, which include tetralogy of Fallot, absent pulmonary
valve syndrome, double outlet right ventricle (DORV), transposition of the great arteries,
malposition of the great arteries, and truncus arteriosus.1 These anomalies represent one-fifth
of all CHDs diagnosed prenatally.2,3 However, difficulties in defining the spatial relationships
of the great arteries may prevent an accurate diagnosis of the specific anomaly. Indeed, it has
been reported that in about 20% of fetuses with prenatal diagnosis of conotruncal anomalies,
the spatial relationship of the great vessels was incorrectly defined.1 Although the accuracy in
the prenatal diagnosis of these CHDs has improved,3 the prenatal diagnosis of some outflow
tract anomalies remains challenging.3,4

Accumulating evidence indicates that prenatal diagnosis of some congenital heart diseases,
including transposition of the great arteries, hypoplastic left heart syndrome, and coarctation
of the aorta, can reduce neonatal morbidity and mortality.5–8 Thus, the development of novel
approaches to examine the fetal heart using three-dimensional (3D) and four-dimensional (4D)
ultrasonography may improve the detection rates and neonatal outcome of fetuses with
conotruncal anomalies.

A detailed examination of the fetal heart has been proposed to include a long-axis view of the
arterial duct9 (sagittal view of the ductal arch). This ultrasonographic plane allows
visualization of the right ventricle in continuity with the main pulmonary artery, pulmonary
valve, ductus arteriosus, and descending aorta, as well as a transverse view of the ascending
aorta (Figure 1). The sagittal view of the ductal arch can be easily obtained using 4D volume
data sets of the fetal heart acquired with spatiotemporial image correction (STIC) by following
the first two steps of a recently reported algorithm.10 In that report, the sagittal view of ductal
arch was visualized in 98.5% (192/195) of volume data sets from fetuses without CHDs and
in 65% (13/20) of fetuses with CHDs.10 The objective of this study was to determine the role
of the sagittal view of the ductal arch in the prenatal diagnosis of conotruncal anomalies using
4D ultrasonography.

Material and Methods
Four-dimensional volume data sets of the fetal heart were acquired with transverse sweeps
through the fetal chest. Volume data sets (n=183) from fetuses in the following groups were
included in the study: 1) normal heart (n=130); 2) conotruncal anomalies (n=18); and 3) other
CHDs (n=35). Conotruncal anomalies were confirmed by prenatal or postnatal
echocardiography or during autopsy. Examinations were performed with the STIC technique
(Voluson 730 Expert, release BTO4, GE Healthcare, Milwaukee, WI) using hybrid mechanical
and curved array transducers (RAB 4-8P, RAB 4-8L, RAB 2-5P, RAB 2-5L). The acquisition
time ranged from 7.5 to 15 seconds and the angle of acquisition ranged between 20d and 40d,
depending on fetal motion and gestational age. Patients were examined between 14 and 41
weeks of gestation (median 24.4 weeks; interquartile range: 20.9 to 28.9 weeks). All patients
were enrolled in research protocols approved by the Institutional Review Board of the National
Institute of Child Health and Human Development (NICHD/NIH/DHHS) and the Human
Investigation Committees of both Wayne State University and William Beaumont Hospital.
All women signed a written informed consent before participating in the study.

After removal of patient identifiers, ultrasonographic images were retrospectively reviewed
offline using the 4D View software version 5.0 (General Electric Medical Systems,
Kretztechnik, Zipf, Austria). The volume dataset considered by the investigator to be of highest
quality was selected on the basis of the following characteristics: 1) the fetal spine was
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positioned between three and nine o’clock positions, minimizing the possibility of shadowing
from the ribs or spine; and 2) minimal or no motion artifacts were observed on the sagittal
plane. B-mode ultrasonography was used to acquire all volume data sets. Volume data sets
with poor image quality and those that did not contain the upper mediastinum were excluded
from the study [8.2% (15/183)]. All volume data sets meets were reviewed by one operator
who was not blinded to the results of the fetal echocardiography.

Visualization of the Ductal Arch Plane
All volume data sets were analyzed using a multiplanar display, which allows simultaneous
display of images in three orthogonal planes (Figure 2, panels A–C). The sagittal view of the
ductal arch was visualized using the first two steps of a recently reported algorithm that allows
for the simultaneous visualization of the standard planes for fetal echocardiography.10 Briefly:

1. The volume data sets were adjusted to display the four-chamber view in panel A,
where the fetal aorta was aligned with the crux of the heart in the vertical plane. The
reference dot was positioned in the aorta, allowing the visualization of the coronal
view of the descending aorta in panel C (Figure 2).

2. In panel C, the image was rotated to display the aorta in a vertical position, when
necessary. This allowed for the visualization of the sagittal view of the ductal arch in
panel B and the four chamber view in panel A (Figure 3).

Statistical Analysis
Visualization rates of the sagittal view of the ductal arch were compared among groups using
contingency tables and X2 test for independence. The likelihood ratio to have a conotruncal
anomaly conferred by the absence of visualization of the sagittal view of the ductal arch was
calculated. P<.05 was considered significant. Statistical analysis was performed with SPSS
12.0 for Windows (SPSS, Chicago, IL).

Results
The visualization rate of the sagittal view of the ductal arch was significantly lower in fetuses
with conotruncal anomalies 5.6% (1/18), than that in fetuses without abnormalities [93.1%
(108/116)] and those with other CHDs [79.4% (27/34); P<0.01]. Absence of visualization of
the sagittal view of the ductal arch was associated with a likelihood ratio of 9.44 (95%
Confidence interval: 5.8–15.5) to have a conotruncal anomaly.

Fetuses with the following conotruncal anomalies were included in the study: tetralogy of Fallot
(n=6), transposition of the great arteries (n=4), DORV (n=4), tetralogy of Fallot with
pulmonary atresia (pulmonary atresia with ventricular septal defect) (n=2), and truncus
arteriosus (n=2). Among them the sagittal view of the ductal arch was visualized only in one
case of DORV.

Among fetuses with CHDs other than conontruncal anomalies, the ductal arch plane was not
visualized in seven fetuses with the following diagnoses: ventricular septal defects (n=2),
coarctation of the aorta (n=2), atrioventricular canal (n=2), and Turner’s syndrome (n=1). Of
note, in one fetus with mediastinal displacement to the right, due to a large cystic adenomatoid
malformation, the ductal arch was visualized using the proposed approach. This observation
suggests that mechanical displacement of the heart may not necessarily change the spatial
relationships of the ductal arch.

Specific abnormalities of the sagittal view of the ductal arch were consistently visualized in
fetuses with conotruncal anomalies. Among fetuses with tetralogy of Fallot, the root of the
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ductal arch was displaced downwards toward the aortic root (Figure 4). In patients with
transposition of the great arteries, the main pulmonary artery and the ductus arteriosus were
not visualized, (Figure 5), whereas in truncus arteriosus, the left atrium was displayed in the
area corresponding to the aortic root in a normal sagittal view of the normal ductal arch (Figure
6). However, the limited number of cases in each diagnostic category prevents us from
ascertaining whether these ultrasonographic patterns constitute stereotypical anomalies.

Among patients with CHDs other than conotruncal anomalies, a tortuous ductus arteriosus was
visualized in fetuses with pulmonary valve atresia (Figure 7), and the ductus arteriosus and left
pulmonary artery could be simultaneously visualized in a fetus with coarctation of aorta (Figure
8).

Discussion
Our study demonstrates that the sagittal view of the ductal arch was not visualized in most
fetuses with conotruncal defects using the proposed algorithm. Thus, examination of this
ultrasonographic plane may play an important role in the prenatal diagnosis and screening for
conotruncal anomalies with the use of 4D ultrasonography.

Two-dimensional (2D) ultrasonography relies on standard anatomic planes for a thorough
examination of the fetal heart, including the four-chamber view, three-vessel and trachea view,
the left and right outflow tracts, and the ductal arch plane.9,11–15 More recently, it has been
proposed that 3D and 4D ultrasonography with STIC can facilitate the visualization of these
planes.16–63 Thus, 3D and 4D fetal echocardiography could potentially reduce the operator
dependency that occurs with 2D ultrasonography. The sagittal view of the ductal arch, also
known as long-axis view of the arterial duct, is considered a standard plane for fetal
echocardiography.9 This ultrasonographic plane, easily visualized using 4D ultrasonography,
played a central role in a recently reported algorithm for a thorough examination of the fetal
heart.10 Indeed, the three-vessel, five chamber and four chamber views were simultaneously
visualized using perpendicular views to the ductal arch plane and tomographic
ultrasonographic imaging.10

During early cardiogenesis, the conus and the truncus give origin to the great arteries and the
subpulmonary infundibulum, respectively.64 The truncus arteriosus is the most distal portion
of the developing cardiac outflow tract, and its septation originates the ascending aorta and
pulmonary trunk,65 allowing the transition from a single- to a dual-series circulation.66
Truncal endocardial cushions participate in the septation of the common truncus and in the
formation of the aortic and pulmonary valves leaflets.64 The conventional view is that septation
of ventricles and outflow tracts must occur in tight coordination if the heart is to function
properly, and a large proportion of CHDs are due to errors made during this complex process.
65

Conotruncal anomalies, which represent one-fifth of all CHDs detected prenatally,2,3 are
frequently associated with chromosomal anomalies2,67–70 and poor survival rates.2 However,
in about 20% of fetuses with these CHDs, the spatial relationship of the great vessels is
incorrectly defined.1 The observation that the ductal arch plane was not visualized in all but
one fetus with conotruncal anomalies indicates that the inability to visualize the ductal arch
using the proposed algorithm should raise the index of suspicion for such anomalies. Indeed,
the inability to visualize a normal ductal arch plane with the proposed algorithm was associated
with a nine-fold increase in the risk for a conotruncal anomaly.

The results of this study further demonstrate that 4D ultrasonography may provide important
insight into the study of abnormal cardiac geometry in CHDs. We have used volume data sets
obtained with 4D ultrasonography and STIC to examine the sagittal view of ductal arch.
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However, the same approach could be applied to volume data sets obtained with 3D
ultrasonography.

The ability to obtain the sagittal view of the ductal arch with two dimensional ultrasonography
may depend on the operator experience and fetal position. In addition, the lack of simultaneous
visualization of the orthogonal planes with two dimensional ultrasonography may increase the
number of false-positive results if the sagittal view of the ductal arch is to be used for the
prenatal diagnosis of conotruncal anomalies.

Limitations of this study include its retrospective nature and that the operator was not blineded
to the results of the fetal echocardiography. Thus, prospective studies are required to determine
the value of the proposed approach in the screening for conotruncal anomalies.

The multiplanar display of the sagittal view of the ductal arch proposed herein allows for
simultaneous visualization of the four-chamber view of the heart and the sagittal view of the
ductal arch, which may result in a more accurate prenatal diagnosis of specific conotruncal
anomalies. Given its simplicity, we propose the use of this approach as a first step in the
examination of three dimensional and four dimensional volume data she meets of the fetal
heart. The lack of visualization of the sagittal view of the ductal arch should raise the index of
suspicion for conotruncal anomalies.
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Figure 1.
The components of the sagittal view of the ductal arch (Figure 1A) as determined by the
mutiplanar display are displayed in Figure 1B, including: right ventricular outlet (RV), main
pulmonary artery (PA), ductus arteriosus (DA), descending aorta (DAo), and a cross-section
of the ascending aorta (AAo).
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Figure 2.
Volume data sets were adjusted to display the four chamber view in panel A, where the fetal
aorta was aligned with the crux of the heart in the vertical plane. The reference dot was
positioned in the aorta allowing the visualization of the coronal view of the descending aorta
in panel C. Ao indicates aorta; Da, ductus arteriosus; D Ao, descending aorta; LV, left ventrical;
PA, pulmonary artery; and RV, right ventrical.
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Figure 3.
In panel C, the image was rotated to display the aorta in a vertical position, when necessary.
This allowed for the visualization of the longitudinal view of the ductal arch in panel B. Ao
indicates aorta; Da, ductus arteriosus; D Ao, descending aorta; LV, left ventrical; PA,
pulmonary artery; and RV, right ventrical.
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Figure 4.
Mutiplanar display of the sagittal view of the ductal arch in a fetus with tetralogy of fallot. The
root of the ductal arch was displaced downwards, toward the aortic root. Ao indicates aorta;
Da, ductus arteriosus; D Ao, descending aorta; LV, left ventrical; PA, pulmonary artery; and
RV, right ventrical.
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Figure 5.
Mutiplanar display of the sagittal view of the ductal arch in a fetus with transposition of the
great arteries where the main pulmonary artery and the ductus arteriosus were not visualized.
Ao indicates aorta; Da, ductus arteriosus; D Ao, descending aorta; LV, left ventrical; PA,
pulmonary artery; and RV, right ventrical.
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Figure 6.
Mutiplanar display of the sagittal view of the ductal arch in a fetus with truncus arteriosus. The
left artruim was displayed in the area corresponding to the aortic root in a normal sagittal view
of the ductal arch. Ao indicates aorta; Da, ductus arteriosus; D Ao, descending aorta; LV, left
ventrical; PA, pulmonary artery; and RV, right ventrical.
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Figure 7.
Mutiplanar display of the sagittal view of the ductal arch in a fetus with pulmonary atresia,
where a tortuous ductus arteriosus is visualized. Ao indicates aorta; Da, ductus arteriosus; D
Ao, descending aorta; LV, left ventrical; PA, pulmonary artery; and RV, right ventrical.
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Figure 8.
Mutiplanar display of the sagittal view of the ductal arch in a fetus with coarctation of the aorta,
where the ductus arteriosus and left pulmonary artery can be visualized. Ao indicates aorta;
Da, ductus arteriosus; D Ao, descending aorta; LV, left ventrical; PA, pulmonary artery; and
RV, right ventrical.
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