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Abstract

Objective—Tomographic ultrasound imaging (TUI) is a new display modality that allows
simultaneous visualization of up to eight parallel anatomical planes. This study was designed to
determine the role of a novel algorithm combining spatiotemporal image correlation (STIC) and TUI
to visualize standard fetal echocardiography planes.

Methods—Volume datasets from fetuses with and without congenital heart defects (CHD) were
examined with a novel algorithm that allows simultaneous visualization of the three-vessel and
trachea view, the four-chamber view, and outflow tracts. Visualization rates for these planes as well
as ductal arch and five-chamber view were calculated.

Results—1) 227 volume datasets from fetuses without (n=138) and with (n=14) CHD were
reviewed; 2) among normal fetuses, the four-chamber view, five-chamber view, ductal arch, three-
vessel and trachea view, left outflow tract and short axis of the aorta were visualized in 99%
(193/195), 96.9% (189/195), 98.5 % (192/195), 88.2% (172/195), 93.3% (182/195), and 87.2%
(170/195) of the volume datasets, respectively; 3) these views were visualized in 85% (17/20), 80%
(16/20), 65% (13/20), 55% (11/20), 55% (11/20), and 70% (14/20) of the volume datasets,
respectively, from fetuses with CHD; and 4) simultaneous visualization of the short axis of the aorta,
three-vessel and trachea view, left outflow tract and four-chamber view was obtained in 78%
(152/195) of the volume datasets from fetuses without CHD and in 40% (8/20) of those with CHD.

Conclusion—The three-vessel and trachea view, the four-chamber view, and both outflow tracts
can be simultaneously visualized using a novel algorithm combining STIC and TUL
Keywords
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Introduction

Congenital heart disease remains one of the leading causes of infant mortality.1 However, only
6 to 35% of heart defects are identified in the prenatal period.z_12 This has been largely
attributed to both the complexity of the fetal heart and the high degree of expertise required
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for a thorough examination of this fetal organ. 13-15 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. 16-19 Thus, the development of new algorithms designed to facilitate
the examination of the fetal heart, could potentially increase the detection rates of these
congenital heart diseases and reduce perinatal morbidity and mortality associated with them.

Two-dimensional ultrasound has traditionally relied on standard anatomic planes for a
thorough examination of the fetal heart, including the four-chamber view, three-vessel and
trachea view, and the left and right outflow tracts.20-25 Several rep0rt526_73 indicate that
three-dimensional ultrasound (3DUS) and 4DUS with spatio temporal image correlation
(STIC) can facilitate the visualization of these planes. Thus, 3D and 4D fetal echocardiography
could potentially reduce the operator dependency.

Recently, TUI has been introduced as a new display technology for 3DUS and 4DUS. This
modality allows for the simultaneous display of up to eight parallel planes whose distance can
be adjusted for a better visualization of anatomic planes. Thus, TUT allows the visualization
of multiple sections of a beating heart at the same time. An “overview image” is shown on the
upper left corner (Figure 1). This view shows a plane orthogonal to the slices, and parallel lines
demarcate the position of the slices within the volume dataset. The user can adjust the number
and position of the slices with specific software controls. TUI has been used for the examination
of the fetal heart’4 7> and other fetal orgams.76 However, the simple use of parallel planes to
the four-chamber view of the heart does not allow for the visualization of the long axis view
of the left outflow tract and the short axis view of the aorta, which are considered part of an
integral examination of the fetal heart.zo_22 Moreover, the untargeted use of TUI allows for
the simultaneous display of anatomic planes with and without diagnostic value (Figure 1). This
study was designed to determine the value of a new algorithm, using STIC and TUI, in the
visualization of the standard planes used in fetal echocardiography.

Material and Methods

Four-dimensional volume datasets of the fetal heart were acquired with transverse sweeps
through the fetal chest in 152 patients examined at our ultrasound unit between December 1,
2003 and December 31, 2004. Volume datasets from fetuses without (n=138) and with (n=14)
congenital heart defects, with postnatal confirmation (by post-natal echocardiography, surgery
or during autopsy), were included in the study. Examinations were performed with STIC
(Voluson 730 Expert, release BTO4, GE Healthcare, Milwaukee, Wisconsin) using hybrid
mechanical and curved array transducers (RAB 4-8P, RAB 4-8L., RAB 2-5P, RAB 2-5L).
Acquisition time ranged from 7.5 to 15 seconds and the angle of acquisition ranged between
20 and 40 degrees depending on fetal motion and gestational age. Patients were examined
between 14 and 41 weeks of gestation (median 24 3/7 weeks; interquartile range: 20 6/7 to 28
6/7 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 by the Human Investigation Committee of Wayne State University (Detroit,
Michigan). All women signed a written informed consent before participating in the study.

After removal of patient identifiers, examinations were retrospectively reviewed offline using
the 4DView software version 5.0 (4D VIEW 5.0, General Electric Medical Systems,
Kretztechnik, Zipf, Austria). A maximum of two volume datasets per patient (one acquired
with B-mode imaging and one with color Doppler) were included in the study. Preference was
given to volume datasets acquired between 16 and 24 weeks of gestation, when available, and
the volume dataset considered by the investigator to be of highest quality was selected. Volume
datasets with the following characteristics were considered to be of high quality: 1) the fetal
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spine was positioned between 3 and 9 o’clock, minimizing the possibility of shadowing from
the ribs or spine; and 2) minimal or no motion artifact were observed on the sagittal plane.
Volume datasets that did not contain the upper mediastinum were excluded from the study.

Description of the algorithm

All volume datasets were displayed using the multiplanar modality, which allows simultaneous
display of images in three orthogonal planes (panels A, B and C). The following algorithm was
used for examination of the fetal heart:

1.

The volume datasets 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).

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 (Figure 3).

In panel A, the reference dot was moved to the crux of the heart and the TUI option
was selected. This allowed for the simultaneous visualization of the longitudinal view
of the ductal arch in the first panel and eight perpendicular planes to this plane (Figure
1). Only three planes were selected using the “Slices” option, including the plane that
crosses the reference dot (which is labeled with an asterisk in the software), one plane
to the left (“—1"") and another one to the right (“+17). These images were magnified

using the four panel “display format” option (Figure 4).

In panel A, the image was moved until the reference dot was positioned in the center
of the aorta. The “Adjust” option was selected to align the “—1” plane with the ductal
arch and the “+1” plane with the external edge of the aorta. (Figure 5). This allowed
for the simultaneous visualization of the longitudinal view of the ductal arch in panel
A, the three-vessel and trachea view in panel B, the five chamber view in panel C and
the four-chamber view in panel D.

The “Rotation Y” was selected by clicking on the bar, and the five chamber view was
rotated by scrolling on the Y axis until the left outflow tract was visualized in panel
B (this was generally accomplished with a right sided rotation between 8 to 22
degrees). This allowed for the simultaneous visualization of the short axis of the aorta
in panel A, the three-vessel and trachea view in panel B, the long axis of the left
outflow tract on panel C and the four-chamber view on panel D (Figure 6). In some
cases, the image was optimized by moving the reference dot above the aortic valve
in panel C.

Four video clips illustrating the simplicity of the algorithm described above are available for
download from the journal’s website.

Statistical analysis

The visualization rates of the: 1) longitudinal view of the ductal arch;21 2) five-chamber view;
20,21 3) three-vessel and trachea View;77 4) four-chamber Vievv;ls’zo’21 718 5) long axis of
the left outflow tralct;15 20,2178 and 6) short axis of the aorta,zo (right outflow tract) as well
as the simultaneous visualization of the last four planes, were determined using the novel
algorithm. Contingency tables were used to compare the visualization rates of these anatomic
planes between volume datasets obtained with B mode and those obtained with color Doppler
in fetuses with and without heart defects. A p< 0.05 was considered significant. Statistical
analysis was performed with SPSS 12.0 for Windows (SPSS, Chicago, IL).
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Two hundred and twenty seven volume datasets were reviewed from fetuses with and without
congenital heart defects. B-mode and color Doppler ultrasound were used to acquire 59.9%
(136/227) and 40.1 % (91/227) of the 4D volume datasets, respectively. Volume datasets of
poor imaging quality [5.3% (12/227)] were excluded from analysis.

Table 1 displays the visualization rates of the standard sonographic planes in volume datasets,
acquired with B mode or color Doppler, from fetuses without heart defects. Overall, a normal
four-chamber view, five-chamber view, longitudinal view of the ductal arch, three-vessel and
trachea view, left outflow tract and short axis were visualized in 99% (193/195), 96.9%
(189/195), 98.5 % (192/195), 88.2% (172/195), 93.3% (182/195), and 87.2% (170/195) of the
volume datasets, respectively. The visualization rates of these planes were higher in fetuses
between 20 to 30 weeks of gestational age than in those at less than 20 weeks and those above
30 weeks. However, these differences were statistically significant only for the visualization
of the five-chamber view. (Table 2)

Table 3 displays the visualization rates for the standard sonographic planes in volume datasets,
acquired with B mode or color Doppler, from fetuses with heart defects. Overall, a four-
chamber view, five-chamber view, longitudinal view of the ductal arch, three-vessel and
trachea view, left outflow tract and short axis were clearly visualized in 85% (17/20), 80%
(16/20), 65% (13/20), 55% (11/20), 55% (11/20), and 70% (14/20) of the volume datasets,
respectively. These heart defects included: transposition of the great arteries (n=2), tetralogy
of Fallot (n=1), atrioventricular canal (n=2), hypoplastic left heart (n=2), coarctation of the
aorta (n=1), left isomerism (n=1), double outlet right ventricle (n=1), pulmonary stenosis with
intact ventricular septum (n=1), ventricular septal defects (n=2), and rhabdomyoma (n=1).

The simultaneous visualization of the three-vessel and trachea view, the four-chamber view
and both outflow tracts were obtained in 78% (152/195) of the volume datasets from fetuses
without heart defects and in 40% (8/20) of those from fetuses with heart defects. Among fetuses
without heart defects, the visualization rates of the three-vessel and trachea view and the
simultaneous visualization the three-vessel and trachea view, the four-chamber view and both
outflow tracts were significantly higher when using volume datasets obtained with color
Doppler than when using volume dataset obtained with B-mode (Table 1).

Discussion

Our study demonstrates that a novel algorithm using a combination of 4DUS and TUI allowed
for visualization of the standard planes for fetal echocardiography in most fetuses with and
without heart defects.

Our results are consistent with recent reports indicating that TUI can facilitate the examination
of the fetal heart.’4 75 Moreover, our visualization rates for the four-chamber view, left and
right ventricular outflow tracts and three-vessel and trachea views are similar to those
previously reported by scrolling through the volume datasets from the abdomen to the upper
mediastinum.”® However, our algorithm further allows for visualization of the long axis view
of the left outflow tract and the short axis view of the aorta,20 which can not be properly
visualized with planes that are parallel to the four-chamber view. This algorithm provides a
simple method for simultaneous display of the three-vessel and trachea view, the four-chamber
view, as well as both outflow tracts, while limiting the number of planes to those with diagnostic
value.

The sonographic planes proposed for 2D fetal echocardiography have been derived from planes
used by pediatric cardiologists.21 Allan et al. reported a seminal study correlating sonographic
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planes used in fetal echocardiography and anatomic sections of the fetal thorax in aborted
fetuses from 12 to 28 weeks of gestation, designed to reproduce these sonographic planes.79
The authors reported that: 1) the apex of the fetal heart is tilted more cephalad than in the
postnatal period making more difficult to obtain the long axis view of the left ventricle; and 2)
the sonographic plane most easily obtained in the fetus was the four-chamber view of the heart.
Thus, due to its relative simplicity, the four-chamber view has been used as a screening
method for congenital heart defects for over two decades,go_86 and has been included as part
of the basic fetal cardiac examination by several regulatory bodies. 158789 1n contrast, the
examination of the outflow tracts has been regarded only as part of “an extended basic cardiac
examination”1d ’87_89, despite accumulating evidence indicating that the evaluation of the

outflow tracts can substantially increase the detection rates of congenital heart disease.22~
25,90,91

A thorough examination of the fetal cardiac anatomy has been proposed to include transverse
views (abdomen at the level of the stomach, four-chamber view, five-chamber view, three-
vessel view and the transverse aortic arch), long-axis views (short axis of the left ventricle,
tricuspid/aortic cut, long axis of the duct, long axis of the aortic arch and the inferior and
superior vena cava) and “angulated views” (long axis of the left ventricle).20 In addition, five
“short-axis views”, including the three-vessel and trachea view, has been proposed as a
screening method for a comprehensive fetal echocardiography.77 These sonographic planes
can be easily obtained by re-slicing volume datasets of the fetal heart obtained with 3D and
4D ultrasound as demonstrated by our algorithm. Previous algorithms allow for the
simultaneous display of both outflow tracts,”V for the identification of the nature of vascular
structures by rotating around X-and Y-axis from reference images obtained in a transverse
sweep through the fetal chest,63 or for the identification of heart defects using color or power
Doppler and STIC.62,66,67

The lower visualization rates of the sonographic planes used in fetal echocardiography among
fetuses with heart defects may reflect abnormal spatial relationships. We have used volume
datasets obtained with 4DUS with STIC of the fetal heart and its connecting vessels. However,
the proposed algorithm could possibly be applied to volume datasets obtained with 3DUS using
other commercially available software with tomographic display. In addition, color Doppler
may also improve the diagnostic value of the proposed algorithm as demonstrated by the higher
visualization rates of the three-vessel and trachea view as well as the simultaneous display of
the three-vessel and trachea view, the four-chamber view and both outflow tracts, among
fetuses without heart defects.

The introduction of new display modalities such as the TUI coupled with novel algorithms,
such as the one proposed herein, may further simplify the examination of the fetal heart and
could reduce the operator dependency that characterizes 2D fetal echocardio raghy. The
inability to obtain standard planes with this or previously reported50’62’63’7 9 algorithms
should raise the possibility of an underlying heart defect. Prospective studies are required to
determine the ability of these algorithms as screening methods for the identification of
congenital heart defects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
An “overview image” is shown on the upper left corner. The parallel lines determine the
position of the eight orthogonal planes to the plane containing the “overview image”.
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Figure 2.

Volume datasets 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.
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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.

J Ultrasound Med. Author manuscript; available in PMC 2007 February 19.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuey Joyiny Vd-HIN

Espinoza et al. Page 14

Figure 4.

Only three planes were selected, using the “Slices” option, including the plane that crosses the
reference dot (which is labeled with an asterisk in the software), one plane to the left (“—17)
and one to the right (“+1”) to the plane crossing the reference dot. These images were magnified
using the four panel “Display format”.

J Ultrasound Med. Author manuscript; available in PMC 2007 February 19.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuey Joyiny Vd-HIN

Espinoza et al. Page 15

Figure 5.

In panel A, the image was moved until the reference dot was positioned in the center of the
aorta. The “Adjust” option was selected to align the “—1” plane with the ductal arch and the
“+1” plane with the external edge of the aorta. This allowed for the simultaneous visualization
of the ductal arch in panel A, the three-vessel and trachea view in panel B, the five chamber
view in panel C and the four chamber view in panel D.
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Figure 6.

The “Rotation Y” was selected by clicking on the bar, and the five chamber view was rotated
by scrolling on the Y axis until the left outflow tract was visualized in panel B. This allowed
for the simultaneous visualization of the short axis of the aorta in panel A, the three vessel and
trachea view in panel B, the long axis of the left outflow tract on panel C and the four chamber
view on panel D
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Visualization rates of normal fetal echocardiographic planes using B-Mode and color Doppler in volume datasets

from fetuses without heart defects

Echocardiographic plane B-Mode (n=115) Color Doppler (n=80) p
Four-chamber view 100 (115/115) 97.5 (78/80) NS
Five-chamber view 95.7 (110/115) 98.8 (79/80) NS
Three-vessels and trachea view 82.6 (95/115) 96.3 (77/80) 0.007
Longitudinal view of the ductal arch 97.4 (112/115) 100 (80/80) NS
Long axis view of the left og&ﬂow tract 91.3 (105/115) 96.3 (77/80) NS
Short axis view of the aorta*w' 84.3 (97/115) 91.3 (73/80) NS
Simultaneous visualization 71.3 (82/115) 87.5 (70/80) 0.01

Data expressed and percentages and proportions. NS: not significant

ES
Simultaneous visualization of the three-vessel and trachea view, four-chamber view, and both outflow tracts

sk
Right outflow tract
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Table 2
Visualization rates of fetal echocardiographic planes according to gestational age among fetuses without heart
defects

Echocardiographic plane <20 weeks (n=42) 20 to 30 weeks p? >30 weeks (n=33) pb
(n=120)

Four-chamber view 97.6 (41/42) 99.2 (119/120) NS 100 (33/33) NS
Five-chamber view 90.5 (38/42) 99.2 (119/120) 0.02 97 (32/33) NS
Three-vessels and trachea view 83.3 (35/42) 89.2 (107/120) NS 90.9 (30/33) NS
Longitudinal view of the ductal arch 97.6 (41/42) 98.3 (118/120) NS 100 (33/33) NS
Long axis view of the left outflow 88.1 (37/42) 94.2 (113/120) NS 97 (32/33) NS
tract

Short axis view of the aorta 88.1 (37/42) 85.8 (103/120) NS 90.9 (30/33) NS
Simultaneous visualization 69 (29/42) 79.2 (95/120) NS 84.8 (28/33) NS

Data expressed and percentages and proportions. NS: not significant.
ES
Simultaneous visualization of the three-vessel and trachea view, four-chamber view, and both outflow tracts

ET3
Right outflow tract

a
P comparison between volume datasets from fetuses at <20 weeks of gestational age and those from fetuses between 20-30 weeks of gestation.

b

P comparison between volume datasets from fetuses between 20-30 weeks of gestation and those from fetuses at >30 weeks of gestational age.
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Visualization rates of fetal echocardiographic planes using B-Mode and color Doppler in volume datasets from
fetuses with heart defects

Echocardiographic plane B-Mode (n=11) Color Doppler (n=9) p

Four-chamber view 81.8 (9/11) 88.9 (8/9) NS
Five-chamber view 72.7 (8/11) 88.9 (8/9) NS
Three-vessels and trachea view 63.6 (7/11) 44.4 (4/9) NS
Longitudinal view of the ductal arch 72.7 (8/11) 55.6 (5/9) NS
Long axis view of the left og&ﬂow tract 54.5 (6/11) 55.6 (5/9) NS
Short axis view of the aorta 72.7 (8/11) 66.7 (6/9) NS
Simultaneous visualization 45.5 (5/11) 33.3(3/9) NS

Data expressed and percentages and proportions. NS: not significant.

ES
Simultaneous visualization of the three-vessel and trachea view, four-chamber view, and both outflow tracts

sk
Right outflow tract
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