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Abstract

Objective—The multiplanar display is a modality that allows the simultaneous visualization of
three orthogonal planes from volume datasets obtained with three- (3D) and four-dimensional (4D)
ultrasonography. Simultaneous display of standard views used in fetal echocardiography and their
orthogonal planes may provide novel sonographic views for examination of the fetal heart and its
vascular connections. This study was designed to determine the clinical utility of the multiplanar
display in the examination of abnormal vascular connections to the fetal heart.

Methods—We reviewed four-dimensional volume datasets, acquired with the spatiotemporal
image correlation technique (STIC), from patients with abnormal vascular connections to the fetal
heart. Multiplanar views of the fetal heart were used to simultaneously display standard planes used
in fetal echocardiography and their corresponding orthogonal planes.

Results—This study included four volume datasets from fetuses with confirmed abnormal vascular
connections to the heart including: 1) interrupted inferior vena cava with azygos or hemiazygos vein
continuation; 2) persistent left superior vena cava draining into a dilated coronary sinus; and 3) a
dilated superior vena cava associated to a thoracic lymphangioma. Simultaneous visualization of
orthogonal planes displaying abnormal vascular connections to the fetal heart facilitated the
identification of the abnormal vessels and their spatial relationships with other vascular structures.

Conclusion—Multiplanar imaging can be used to assess abnormal vascular connections to the fetal
heart and may provide novel sonographic planes for fetal echocardiography using 3D and 4D
ultrasonography.
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Introduction

Prenatal visualization of abnormal venous connections to the fetal heart with two-dimensional
(2D) ultrasonography requires the examiner to continuously scan these vascular structures in
multiple sonographic planes. This process also involves simultaneous analysis of anatomic
structures through mental reconstruction of their spatial relationships. This process can be
facilitated using three- and four-dimensional (3D/4D) ultrasonography. For example, power
Doppler reconstruction of 3D and 4D volume datasets have been used to visualize the spatial
configuration of abnormal vasculature in the fetal liver,1:2 other vascular territories:3 and
abnormal arterial connections to the fetal heart. 42 Recently, 3D and 4D rendering algorithms
including the minimum projection mode,5 inversion mode, 2 and B-flow10-14 have been
employed to visualize normal and abnormal vascular connection to the fetal heart. However,
these rendering algorithms frequently require image optimization increasing the time needed
for off-line volume analysis.

Volume datasets obtained with 3D and 4D ultrasonography can be compared to blocks of
pathologic specimens where the anatomic and, in some instances, functional-information,
obtained will depend on the level that the block or volume is cut. Multiplanar imaging is a
unique display modality (available in 3D and 4D ultrasonography) that allows for the
simultaneous visualization of three anatomic planes, which are orthogonal to each other: the
transverse, sagittal and coronal planes. Using the analogy of the block of pathological
specimen, the multiplanar display would allow the simultaneous visualization of three sections
of the block that are perpendicular to each other. Moreover, an imaging tool referred to as the
“reference dot” can be used to localize the same anatomic structure in these three orthogonal
planes.

Multiplanar display has been used in the evaluation of the fetal heart®:15-21 and other fetal
structures.122-26 However, a systematic approach for the use of this display modality in the
evaluation of abnormal vascular connections to the fetal heart has not been reported. The
objective of this study was to describe a standardized method to use the multiplanar display in
the evaluation of abnormal vascular connections to the fetal heart.

Material and Methods

Volume Acquisition and Analysis

Four-dimensional volume datasets of the fetal heart were acquired with transverse sweeps
through the fetal chest. Multiplanar views of the fetal heart were used to simultaneously display
the standard planes used in fetal echocardiography and their corresponding orthogonal planes.
Patients with confirmed abnormal vascular connections to the fetal heart by post-natal
echocardiography or during surgery were included in this study. Examinations were performed
with STIC (Voluson 730 Expert, release BTO4, GE Healthcare, Milwaukee, Wisconsin, USA)
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.

After removal of patient identifiers, ultrasound images were retrospectively reviewed offline
with the use of the 4DView software version 5.0 (4D VIEW 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 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. B-mode
and color Doppler ultrasonography was used to acquire all volume datasets.
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Visualization of the orthogonal planes—All volume datasets were analyzed using a
multiplanar display, which allows simultaneous display of images in three orthogonal planes
(panels A, B and C, Figure 1) as follows:

1. Standard views used in fetal echocardiography including the three-vessel view and
four chamber view were displayed in panel A.

2. The reference dot was positioned in the abnormal vascular structure in panel A to
identify the nature of the vessel and its connections with the help of the sagittal and
coronal planes in panels B and C, respectively. In some instances, the sagittal view
was optimized by rotating the coronal view of the abnormal vessel to a vertical
position in panel C.

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), as
well as the Human Investigation Committees of both Wayne State University (Detroit,
Michigan, USA) and William Beaumont Hospital (Royal Oak, Michigan, USA). All women
signed a written informed consent before participating in the study.

This study included four volume datasets from fetuses with the following abnormal vascular
connections to the heart: 1) interrupted inferior vena cava (IVC) with azygos (n=1) or
hemiazygos (n=1) vein continuation; 2) persistent left superior vena cava (SVC) draining into
a dilated coronary sinus (n=1); and 3) a dilated SVC associated to a thoracic lymphangioma
(n=1). These diagnoses were confirmed by neonatal echocardiography and/or during postnatal
surgical correction.

The simultaneous visualization of orthogonal planes displaying abnormal vascular connections
to the fetal heart facilitated the identification of the abnormal vessel and the visualization of
its spatial relationships with other vascular structures. Indeed, in two cases of interrupted
inferior vena cava with azygos or hemiazygos vein continuation, the placement of the reference
dot in the dilated azygos/hemiazygos vein in the four chamber view of the heart in panel A,
allowed for the visualization of the sagittal view of the azygos or hemiazygos vein draining
into either the SVC or persistent left SVC in panel B, and the visualization of the coronal view
of the dilated azygos/hemiazygos vein in panel C (Figures 2, 3 and 4). The rotation of the
coronal view of the azygos/hemiasygos veins to a vertical position allowed the visualization
of the sagittal view of these vessels in panel B.

Figure 5a and video clip 1 represent the multiplanar display of the three-vessel view of a fetus
with persistent left SVC and dilated coronary sinus. Of note, the persistent left SVC was
suspected based on the latter sonographic finding and not due to visualization of an additional
vascular structure in the three-vessel view. Panel A displays the three-vessel view where the
reference dot was placed on the additional vascular structure to the left of the pulmonary artery.
This allowed for the clear visualization of a vascular structure joining a dilated coronary sinus
in the sagittal (panel B) and coronal views (panel C). The same procedure was adopted to
document the normal vascular connection of the normal (right sided) SVC (Figure 5b, video
clip 2).

Figure 6 represents the multiplanar display of the three-vessel view of a fetus with a
lymphagioma of the upper part of the chest draining into the SVC. The SVC is markedly dilated
in the three-vessel view in panel A. Panels B and C show that the dilated SVC drains into the
right atrium. In addition, the coronal view in panel C shows part of the lymphagioma draining
into the dilated SVC.
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Discussion

Our study shows that multiplanar display may facilitate the identification of abnormal vascular
connections to the fetal heart, as well as the visualization of their spatial relationships.

Two-dimensional (2D) ultrasonography relies on standard anatomic planes for the examination
of the fetal heart, including the four-chamber view, three-vessel and trachea view, and the left
and right outflow tracts.27=32 However, visualization of abnormal venous connections to the
fetal heart with two-dimensional (2D) ultrasonography requires the examiner to scan these
vascular structures in multiple scanning planes to obtain a mental reconstruction of their spatial
relationships. This process can be facilitated with the help of display modalities used in 3D
and 4D ultrasonography including power Doppler reconstruction 3D and 4D volume datasets,
15 minimum projection mode,® inversion mode,7‘9 and B-flow.10-14

The multiplanar display allows for the simultaneous visualization of three orthogonal planes
from volume datasets obtained with 3D and 4D ultrasonography. A central feature of this
display modality is the ability to focus on a specific anatomic structure in panel A by placing
the reference dot in the structure and visualizing the same structure in two perpendicular planes
displayed in panels B and C (Figure 1). With this approach, we demonstrated that the
simultaneous display of orthogonal planes of abnormal vascular connections to the fetal heart
facilitated the identification of the nature of the abnormal vessel and the visualization of its
spatial relationships with other vascular structures. Indeed, the multiplanar view allowed for
the visualization of the drainage of dilated azygos or hemiazygos17 veins into the SVC (Figures
2 and 3).

A dilated coronary sinus is frequently associated with a persistent left sVvC,33:34 which can
be identified using the three vessel view. However, the cross-section of a fourth vessel to the
left of the pulmonary artery is not always clearly visualized. In these cases, placement of the
reference dot in the abnormal vessel and its simultaneous display in the sagittal and coronal
views may help to confirm its vascular nature and visualize its connections to the fetal heart
(see Figure 5a). The motion provided by volume datasets obtained with color Doppler and
STIC facilitated this process (video clips 1 and 2). However, the multiplanar display could
possibly be used to examine abnormal vascular connections to the fetal heart using volume
datasets obtained with 3D ultrasonography.

The association of a lymphangioma and a dilated SVC in the fetus has not been reported. In
adults, lymphangiohemangiomas of the mediastinum are rare and has been associated with the
presence of persistent left SVC.35The multiplanar display of the SVC described herein allowed
the simultaneous visualization of a dilated SVC in the three-vessel view, the drainage of the
SVC to the right atrium in the sagittal view, and drainage of the lymphangioma draining into
the SVC in the coronal plane.

Collectively, the results of this study indicate that a systematic approach for the use of
mutiplanar display in 3D and 4D ultrasonography provides important insight into their nature
and spatial relationships of abnormal vascular connections to the fetal heart.

Video clip 1. Multiplanar display of the three-vessel view of a fetus with persistent left SVC
associated with a dilated coronary sinus. The reference dot was placed on the vascular structure
to the left of the pulmonary artery (panel A), which allowed for the clear visualization of a
vascular structure (panel B) joining a dilated coronary sinus, which is projected into the left
atrium (panel C).

Video clip 2. Multiplanar display of the three-vessel view of a fetus with persistent left superior
vena cava (SVC) associated with a dilated coronary sinus. The reference dot was placed on the
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SVC (panel A), which allowed for the clear visualization of the SVC draining into the right
atrium in the sagittal (panel B) and coronal (panel C) views.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Multiplanar display of the sagittal view of the ductal arch in a fetus with an interrupted left-
sided inferior vena cava with hemiazygos continuation. The four-chamber view is displayed
in panel A, in which a “two-vessel sign” can be seen, representing the hemiazygos vein to left
of the aorta. The sagittal view of the ductal arch and the coronal view of the aorta are displayed
in panels B and C, respectively. RA: right atrium.
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Figure 2.

Multiplanar display of a dilated hemiazygos vein in a fetus with interrupted left-sided inferior
vena cava with hemiazygos continuation. The reference dot was placed in the dilated
hemiazygos vein in the four chamber view of the heart (panel A). This allowed for both the
visualization of both the sagittal view of the hemiazygos vein in panel B and the coronal view
of the dilated hemiazygos vein in panel C. Rotation of the coronal view to a vertical position
on panel C allowed for visualization of the dilated hemiazygos vein draining into a persistent
left SVC. SVC: superior vena cava; RA: right atrium.
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Figure 3.

Multiplanar display of a dilated hemiazygos vein in a fetus with interrupted inferior vena cava
and dextrocardia. The reference dot was placed in the dilated hemiazygos vein in the four
chamber view of the heart in panel A. This allowed for both the visualization of the sagittal
view of the hemiazygos vein in panel B and the coronal view of the dilated hemiazygos vein
in panel C. Rotation of the coronal view to a vertical position in panel C allowed for the
visualization of the dilated hemiazygos vein draining into the SVC. SVC: superior vena cava;
RA: right atrium.
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Figure 4.

Multiplanar display of a dilated azygos vein in a fetus with interrupted inferior vena cava. The
reference dot was placed in the dilated azygos vein (located to right of the aorta) in the four
chamber view of the heart (panel A). This allowed for both the visualization of the sagittal
view of the azygos vein in panel B and the coronal view of the dilated azygos vein in panel C.
The rotation of the coronal view to a vertical position in panel C allowed for the visualization
of the dilated azygos vein draining into the SVC. SVC: superior vena cava; RA: right atrium.
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Figure 5.

A) Figure 5a shows the mutiplanar display of the three-vessel view of a fetus with persistent
left SVC with dilated coronary sinus. The reference dot was placed on the vascular structure
to the left of the pulmonary artery (panel A), which allowed for the clear visualization of a
vascular structure (panel B) joining a dilated coronary sinus, which is projected into the left
atrium (panel C). B) The same procedure was used to document the normal vascular
connections of the SVC (Figure 5b). PA: pulmonary artery; Ao: aorta; LSVC: left superior
vena cava; SVC: superior vena cava; RA, right atrium; LA left atrium.
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Figure 6.

Multiplanar display of the three-vessel view of a fetus with a lymphagioma on the upper chest
draining into the SVC. The SVC is markedly dilated in the three-vessel view in panel A. Panels
B and C show that the dilated SVC drains into the right atrium. In addition, panel C shows part
of the lymphagioma draining into the dilated SVC. PA: pulmonary artery; Ao: aorta; SVC:
superior vena cava; RA; right atrium; LP: lymphangioma.
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