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Aims: This study explored the advantages and limitations of novel series of
three-dimensional (3D) echocardiographic techniques and summarized their
application methods for congenital heart diseases (CHDs).

Method and result: Two-dimensional (2D), traditional 3D echocardiography,
and TrueVue plus light and/or Glass novel 3D technologies were performed on
62 patients with CHD, and a clinical survey was designed to judge whether the
novel 3D images were more helpful for understanding the cardiac condition and
guide treatment than traditional 3D images. TrueVue increased the visual
resolution and simulated the true texture of cardiac tissue, significantly
improving the display ability of abnormal anatomical structures in CHDs.
TrueVue Glass displayed the blood channel and the internal structure of
cardiac cavity more intuitively, indicating a new observation aspect not
shown by conventional echocardiography. The clinical survey results
showed that the new 3D imaging methods effectively increased the
diagnostic confidence of echocardiographers, enabled surgeons to better
understand the details of lesions, promoted efficient communication, and
improved the confidence of both doctors and patients in treatment.

Conclusion: The combined application of TrueVue, TrueVue Light, and
TrueVue Glass more closely simulated real anatomical features, showed
more comprehensive and subtle blood flow in the lumen, not only
increased the visual effect but also provided more useful diagnostic
information, improved the accuracy of evaluation and treatment of CHD
when compared to traditional imaging techniques, indicating that this
combined application has significant clinical value.

Abbreviations: 2DE, Two-dimension echocardiography; 3DE, Three-dimensional echocardiography;
Al, Artificial intelligence; ASD, Atrial septal defect; AV, Aortic valve; CHD, Congenital heart disease;
DOMYV, Double orifice mitral valve; CAVSD, Complete atrioventricular septal defect; MV, Mitral valve;
PDA, Patent ductus arteriosus; PS, Pulmonary artery stenosis; TEE, Transesophageal
echocardiography; TTE, Transthoracic echocardiography; VSD, Ventricular septal defect.
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Introduction

Congenital heart disease (CHD) may be caused by
developmental disorders during the cardiac embryonic period
or unclosed channels after birth and is an important cause of
death for children and adults (Meras et al., 2021). Real-time
three-dimensional echocardiography (3DE) can visually and
stereoscopically  display some congenital ~malformation,
providing supplementary information for the diagnostic
evaluation of various CHDs. However, traditional 3DE is
affected by many factors, such as limited image quality and a
monotonous imaging mode (Cossor et al., 2015; Simpson et al.,
2017). It has been considered that it cannot be used as an
independent diagnostic tool, and reliance on 2D dynamic
scanning remains prevalent (Fabricius et al., 2004; van den
Bosch et al., 2006; Simpson et al., 2017). Recently, the advent
of the TrueVue, TrueVue Light, and TrueVue Glass series of
novel rendering technologies (from Philips company) provides
more comprehensive, advanced 3D diagnostic evidence for
evaluating abnormal cardiac anatomical structures (Genovese
et al., 2019; Kern et al., 2019; Vainrib et al., 2019; Vairo et al.,
2019). Especially for the artificial intelligence (AI) technology-
assisted TrueVue Glass imaging mode, which released globally in
the second half of 2020, there are few applied studies of these
technologies, and they are mainly limited to transesophageal
echocardiography (TEE) (Karagodin et al, 2020); to our
knowledge, there has been no systematic exploration of their
application for CHD. This study is the first to jointly apply the
TrueVue, TrueVue Light, and TrueVue Glass series of advanced
3DE to diagnose and evaluate CHD and explore their application
methods and practical value. In addition, a questionnaire was
employed to evaluate the merit of these novel tools to
echocardiographers, cardiac surgeons, and patients.

Materials and methods
Patients’ data collection

This
echocardiographic evaluation in our hospital for cardiac-

study included 62 patients, who underwent
related clinical symptoms or signs and were diagnosed with
CHD from August 2020 to May 2021, including 30 males and
32 females, with a mean age of 15.56 + 14.71 years (range: 3 days
to 56 years). This study does not establish strict exclusion criteria,
even if the quality of the 2D image is not very satisfactory. For the
original 2D image quality is not ideal, we also try to compare the
imaging effect and the improvement of the diagnostic value after
the conversion to the new 3D imaging mode, in order to
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objectively evaluate the actual value of these new imaging
technologies. Therefore, TTE was performed in 41 cases and
TEE was performed in 21 cases. TEE examiners excluded
contraindications. All patients or their legal guardians signed
an informed consent form. This study was approved by the Ethics
Committee of China Medical University. The study protocol
conforms to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the institution’s

human research committee.

Novel three-dimensional
echocardiography image acquisition

Imaging was obtained via Philips EPIQ system, CVx
equipment (Philips, Andover, MA), with the appropriate
3D probes, including X5-1 or X7-2 for transthoracic
echocardiography (TTE) or X8-2t for TEE. Each imaging
mode was set to store continuous four cardiac cycles. After
the 2D image was satisfactorily obtained, traditional 3D
acquisition modes were initiated, such as Live 3D, Full
Volume, or 3D Zoom to obtain real-time 3D images (Sun
et al., 2017), and six-sided cutting (Box Crop), free surface
cutting (Plane Crop), frontal cutting (Face Crop), quick
cutting (Quick Crop), or intelligent cutting (iCrop) were
used to highlight the target lesion. TrueVue was then
high-definition
stereoscopic image. After clicking “Touch”, the 3D image

initiated to obtain a photorealistic
appears not only on the monitor, but also on the operation
panel at the bottom of the monitor; then, the user can click
directly on the operation panel to add a light source at a
specific location, move the position of the light source, adjust
the depth, and/or touch to adjust the image angle and size to
obtain a more vivid image. Engaging the Glass mode provides
a transparent image of the heart. These 3D image modes can
be optimized for grayscale, brightness, smoothness, contrast,
or transparency the structure

according to target

characteristics.

Clinical survey

We randomly selected 10 sonographers (the average age is
35.6 = 10.73 years) as the echocardiographer group, eight
(40 + 8.9 years)
intervention or thoracotomy surgery as the cardiac surgeon

doctors who specialize in cardiac
group (no limitation on working years, including doctors who
have worked for 1-25 years, the overall average age is 37.6 +

9.7 years), six cardiologists specializing in CHD interventional
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TABLE 1 Scoring results of each group for three-dimensional echocardiography.

Compared
with

2DE,

the imaging
effects

of the

3DE showed
(N =

62°)

Display the details of the lesion is more vivid and clearer

The boundaries of the septal defect are clearly shown, and
the 3D images are very similar to those seen
intraoperatively”

After 3D combined with color Doppler, the entire length
and stereoscopic extent of the abnormal shunt passing
through the defect is displayed more clearly and accurately”

The determination of the location, number and extent of
congenital leaflet clefts is more rapid and effective®

Can provide valuable stereoscopic images of the PV,
including leaflet number and activity status?

The entire pathway of blood flow in the lumen of an
abnormally located vessel can be seen more clearly

The number and connection characteristics of the
abnormal atrioventricular valves can be clearly
demonstrated®

More helpful in the perception of the level and depth of the
lesion

A quicker diagnosis was made with the aid of 3D imaging

The pathological pattern of the abnormal anatomy is well
understood and grasped prior to surgery

Communication efficiency is enhanced by showing the
patient or guardians the 3D image of the lesion

Increased my confidence in diagnosis and/or the success of
the operation

Overall Score

Echocardiographers (n = 10)

Surgeons (n = 8)

Cardiologists (n = 6)

Patients or their parents (n = 20)

Likert score*

Conventional

3DE

3(2,3)
3(3,4)

2(2,3)

2(2,3)

2(1,2)

2(1.2,2)

2(2,3)

3(2,3)

4(3,4)
32,5

4(3,4)

3(3,4)

2(2,3)

New
series

of 3DE

4(3,5)
5 (4, 5)

5 (4, 5)

5(4,5)

4(3,5)

5 (3.5, 5)

4(4,5)

5 (4,5)

5(4,5)
5(4,5)

5(4,5)

5 (4, 5)

5(3,5)

value

<0.0001

0.0001

<0.0001

<0.0001

0.003

<0.0001

0.004

<0.0001

0.04
<0.0001

0.04

<0.0001

<0.0001

Likert score*

Conventional

3DE

3(1,3)
3(2,3)

2(1,3)

2(1, 3)

2(1,2)

2(1,3)

3(2,3)

3(2,3)

4(3,4)
3(3,4)

3(3,4)

2(2,3)

3(2,3)

New
series

of 3DE

5(4,5)
5(4,5)

5(4,5)

5(4,5)

4(3,5)

4 (4, 5)

5(4,5)

4(3,5)

5(4,5)
5(4,5)

5 (4, 5)

5(4,5)

5(4,5)

p

value

<0.0001

<0.0001

<0.0001

0.001

<0.0001

<0.0001

<0.0001

<0.0001

0.13
0.04

<0.0001

0.001

<0.0001

Likert score*

Conventional

3DE

3(2,3)
2(2,3)

2(1,3)

2(1,3)

2(1,2)

2(1.3,2)

3(2,3)

2(1,2)

3(2,4)
4(3,4)

2(1,3)

2(2,3)

2(1,3)

New
series

of 3DE

5 (4, 5)
5 (4, 5)

4(4,5)

4(4,5)

4(3,5)

4(3,5)

4(4,5)

4(3,5)

5 (4, 5)
5 (4, 5)

4(3,5)

4(4,5)

4 (4, 5)

P

value

<0.0001

<0.0001

<0.0001

<0.0001

0.001

0.002

0.02

0.004

0.002
0.27

<0.0001

<0.0001

<0.0001

Likert score*

Conventional

3DE

NC

NC

NC

NC

NC

NC

NC

NC

NC
2(2,3)

3(23)

2(2,3)

2(2,3)

New P
series

of 3DE value
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC

4(4,5) <0.0001

4 (3,5) 0.002

4(3.55) <0.0001

4(4,5) <0.0001

“Each observer randomly evaluated the images and videos from the database for each case, during the evaluation process, the images were transformed and post-processed with the assistance of “doctors experienced in new 3DE” to achieve near-ideal image

quality.

“This question applies only to cases of atrial septal defects and ventricular septal defects.

“This question applies only to patients with mitral valve cleft.

This question applies only to patients with pulmonary valve stenosis.

“This question is only applicable in cases of complete atrioventricular septal defects.

*A 5-point scoring system, 1 indicating strongly disagree and 5 indicating strongly agree. Scores are expressed as median (IQR). p less than 0.05 was considered statistically significant. 2DE, two-dimensional echocardiography; 3D, three-dimensional; NC, no

collection; PV, pulmonary valve.

Bolded values in the p column represent statistically significant results.
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FIGURE 1

10.3389/fphys.2022.1000007

Transthoracic echocardiogram showing ventricular septal defect. (A—=D). On long axis section of the left ventricle, the 2D, traditional 3D,
TrueVue Light, and TrueVue Glass images indicate the defects of the peri-membranous part of the interventricular septum (5 mm x 10 mm, arrows),
respectively. (E). In the same patient as A-D, looking down the defect from the right ventricle directly through a single view. (F). In another patient with
a large (22 mm x 14 mm) peri-membranous ventricularseptal defect, the "Dual Volume” imaging mode in TrueVue was used to observe the
defects (arrows) directly from the right and left ventricles simultaneously. (G). It is the same patient as in Figure (F), showing the three-dimensional
shape of the defect displayed by using TrueVue Glass to simulate the “surgical view"(left, arrow), and the comparison of the doctor’s field of vision
during cardiac surgery (right, arrow). In surgery, after lifting the tricuspid valve, the mitral valve can be seen through the septal defect. 2D, two-
dimensional; 3D, three-dimensional; LV, left ventricle; RV, right ventricle

techniques (unlimited years of experience, including worked
for 1-30 years, mean age 32.5 + 11.3 years), and 20 patients
with CHD (or a parent of a child under 14 years) who
underwent the novel 3D echocardiographic examinations to
fill out a short questionnaire evaluating their experience, they
were all provided score [using Likert score system (Harake
et al., 2020)] the elements after viewing/manipulate the new
series of 3D images/videos by comparing with the traditional
3D for 30 cases randomly selected from the database (Table 1).
None of the participants had prior experience with the
TrueVue series of technologies. The cases selected for
evaluation should be avoided as far as possible to be biased
towards those images that will be improved by new rendering
display. Instead, we chose a collection of various congenital
heart diseases that we encountered randomly during a certain
period of clinical work.

Statistics

Using SPSS 25.0 software (IBM Inc., Armonk, New York,
United States), categorical data are expressed as number of cases
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(percentage), for analysis of the Likert responses to the question
design, data tested the
Kolmogorov-Smirnov test. Results are reported as mean *

were for normality using
standard deviation and median [first interquartile range
(IQR), third interquartile range] for normally distributed and
non-normally distributed data, respectively. Continuous
normally-distributed data were compared using Student’s
t-test. Non-Gaussian data were compared using the Mann-
Whitney test. Comparisons among the participant groups
were performed using analysis of variance, the Kruskal-Wallis
test, or the Chi square test as appropriate, and p < 0.05 was

considered statistically significant.

Results
Patient demographics

The advanced novel 3D echocardiography classified the
62 patients as follows: 18 (29.0%) with ventricular septal

defect (VSD); 17 (27.4%) with atrial septal defect (ASD); 9
(14.5%) with patent ductus arteriosus (PDA); 5 (8.1%) with
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FIGURE 2

Transesophageal echocardiography of double atrial-superior and inferior vena cava section to diagnose atrial septal defect. (A—D). The 2D,
traditional 3D, TrueVue Light, and TrueVue Glass show the secondary type of atrial septal defect (25 mm x 23 mm, red arrows) and the upper soft,
thin rim (yellow arrows), respectively. Figure (B—D) is a direct view of the atrial septum from the left atrium perspective. (E). TrueVue Glass shows the
spatial path of the atrial shunt from left to right. 2D, two-dimensional; 3D, three-dimensional; LA, left atrium; RA, right atrium.

aortic valve malformation; 4 (6.5%) with mitral valve cleft; 3
(4.8%) with pulmonary artery stenosis; 2 (3.2%) with complete
atrioventricular septal defect (CAVSD); 2 (3.2%) with double
orifice mitral valve (DOMYV); and one case (1.6%) each of
pulmonary artery sling, and ventricular diverticulum. Of the
total patients, 55 (88.7%) underwent cardiac surgery,
including conventional thoracotomy or interventional
cardiac procedures, wherein the results of the ultrasound

diagnosis were confirmed.

Novel three-dimensional
echocardiographic analysis

For patients undergoing innovative 3D imaging, 55 cases
(88.7%) obtained satisfactory TrueVue images, and 59 (95.2%)
obtained satisfactory TrueVue Glass images. For patients who
underwent TTE, the overall satisfaction ratio with 3D images
was 87.8% (36/41). For TEE, the overall satisfaction ratio was
100% (21/21). The standard for satisfactory image quality is to
clear and obvious evidence for

provide a diagnosis.

Dissatisfaction with the quality of transthoracic ultrasound
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images is mainly due to obesity or excessive lung gas. During
the TrueVue imaging of the patients with VSD, placing the light
source below the defect made the shape and edge of the defect
extremely eye-catching when compared with that of traditional
3D ultrasound, especially for the diagnosis of a small
perimembranous ventricular defect (Figure 1). While in the
patients with an ASD, placing the light source over the defect
displayed the soft edge more clearly and accurately than
traditional 3D imaging. After switching to the TrueVue Glass
mode and appropriately increasing the transparency, the overall
path and spatial range of the shunt through the defects was
observed (Figure 2; Supplementary Movie S1). For the patients
with PDA, TrueVue Glass plus color Doppler technology better
displayed the origin, course, and inner diameter of the shunt of
the whole heart cycle in the pulmonary artery through the
transparent tube wall structure than traditional 3D or
52),
especially in the synchronous double-sided view (dual volume

TrueVue imaging modes (Supplementary Movie
mode) (Supplementary Figure S1). For the patients with
(BAV) the

displayed by TrueVue more closely simulated the real

bicuspid aortic valve malformation, valve

anatomical texture features and showed the crest-like raised
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FIGURE 3

Transesophageal echocardiography reveals multiple mitral valve clefts. (A). 2D echocardiography four-chamber view showing multiple loss of
echo in the anterior leaflet of mitral valve (MV) (the sizes of the clefts from Al to A3 area are 3.1, 4.6, and 3.4 mm respectively, red arrows). The yellow
arrow points to the junction between the anterior and posterior leaflets. (B,C). Blood flows into the left ventricle during diastole (red arrows) and
regurgitation jets into left atrium during systole (red arrows) from the clefts. Yellow arrows represent the blood flow signals of the normal MV
orifices. (D—F). From a surgical perspective, traditional 3D, TrueVue Light, and TrueVue Glass show three irregular clefts (the range of the clefts from
AltoA3areaare 2.5-5.4,2.5-4.3,and 2.0-3.3 mm, respectively) from the perspective of the left atrium, and all are complete cleft to the annulus. 2D,
two-dimensional; 3D, three-dimensional; AO, Aorta; Al, Al scallop of MV; A3, A3 scallop of MV

fusion structure between the two valves (Supplementary Figure
S2). Although both 2D and 3D imaging modes can diagnose
BAYV, the new imaging mode displays images that are closer to
real anatomy and will make communication with surgeons and
patients easier and more efficient. For complex mitral clefts,
observation of the position, number, shape, and size of the clefts
was significantly improved on the TrueVue Light and Glass
compared with traditional technologies; furthermore, Glass
imaging was more advantageous for irregularly shaped clefts
boundaries (Figure 3). In patients with pulmonary artery
stenosis, 2D, traditional 3DE, and TrueVue showed echo
enhancement, restricted opening of the pulmonary valve, and
the turbulence signal when blood passed through the stenotic
position. However, in the TrueVue Glass mode, the open state of
the flap was clearly displayed according to the light
transmittance, and because of the transparence of the
surrounding tissue, a segment of the right ventricular outflow
tract or the main pulmonary artery was revealed, enabling
identification of the location of the opening margin for the
pulmonary valve more easily and accurately (Supplementary
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Figure S3). When CAVSD were suspected on 2DE, TrueVue
Light made it easier to determine the number of annulus, while
TrueVue Glass showed several bridge lobes of the common
atrioventricular valve (Figure 4). For patients with a rare
congenital DOMV, novel 3D images not only illustrated the
two-orifice structure, but also showed the thickness and
arrangement of the chordae and papillary muscles (Figure 5).
Pulmonary artery sling is difficult to be observed on 2D and
traditional 3DE image, and there was little improvement over
traditional 3DE when converting to TrueVue Light, TrueVue
Glass displayed an unprecedented visual perspective of the
abnormal left pulmonary artery (Figure 6). Finally, in the
patient with rare ventricular diverticulum, placing the light
source of TrueVue at the entrance of the diverticulum
significantly improved the clarity of the patient’s finger-
the shadow effect
compared with the image of traditional 3DE. Meanwhile,
Glass shielded the the
diverticulum, so that only the shape of the diverticulum was

shaped diverticulum through when

TrueVue structure  around

directly indicated (Figure 6), with the addition of color Doppler,
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FIGURE 4

Transthoracic echocardiography shows complete atrioventricular septal defect. (A). The four-chamber view of a 2D echocardiography shows

only one atrioventricular valve (arrow), combined with a large defect of the lower part of the atrial septum and large ventricular septal defect. (B—D).
Traditional 3D, TrueVue, and TrueVue Glass show a single atrioventricular annulus and a group of atrioventricular valves open from the atrium view in
diastole. (E). TrueVue Glass shows the systolic phase with atrioventricular valve closed as a single annulus and four lobes from the perspective of

the atrium, which are left, right, anterior, and posterior bridge lobes (arrows), confirmed to be a complete atrioventricular septal defect deformity. 2D,
two-dimensional; 3D, three-dimensional. LA, left atrium; RA, right atrium; LV, left ventricle; RV, right ventricle

the blood flow in and out of the diverticulum with the cardiac
cycle clearly appears (Supplementary Movie S3).

Clinical rating and scoring survey results

Survey Data results showed that the novel 3D imaging
methods effectively increased the diagnostic confidence of
echocardiographers, enabled surgeons and patients to better
understand the details of lesions, promoted the efficiency of
communication, and improved the confidence of both doctors
and patients in treatment (p < 0.0001) (Table 1).

Discussion

TrueVue is a new, high definition 3D rendering mode whose
spatial image gradually transitions from light-pink to orange-red
to represent the surface to deep structures and simulate the real
texture of heart tissue, enabling a hierarchical and realistic view
of a variety of structures (Genovese et al., 2019; Kern et al.,, 2019;
Vainrib et al., 2019; Vairo et al., 2019; Merino Argos et al., 2020).

Frontiers in Physiology

On the other hand, the recent novel TrueVue Glass intelligent
hides the myocardium and tissue surrounding the heart that
contains little blood automatically, transforming the image into a
translucent mode to achieve a clear spatial relationship between
the internal structure and the geometry of the heart chamber and
vessels structure, information that has never been provided by
conventional cardiac ultrasonic images after birth (Karagodin
et al,, 2020). TrueVue’s raw stereo data acquisition and cutting
methods are similar to those of traditional 3D, no additional
operational steps are added. With TrueVue Light, that is, using a
touch screen to retract and/or rotate the TrueVue or TrueVue
Glass image and adding a movable virtual light source (Genovese
etal., 2019), the area of interest can be illuminated or darkened by
adjusting the observation angle and the position and depth of the
light source to improve the display ability and detail effects,
which enables doctors to have a clearer understanding of the
overall anatomical structure of the heart.

Although traditional 3DE can display some congenital
malformations, there remain shortcomings in the resolution of
small structures and the display of deeper organizational
structures (Ge, 2010; Khoshhal, 2013; Charakida et al., 2014;
Cossor et al., 2015). Therefore, the preoperative evaluation and
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FIGURE 5

10.3389/fphys.2022.1000007

Transthoracic echocardiography of the short-axis view of the mitral valve (MV) showing the double orifice MV (arrows). (A). 2D display of
asymmetric orifices; (B,C). Traditional 3D and TrueVue show the spatial shape of the orifices; (D). TrueVue shows the abnormal multiple papillary
muscles and the tendons connected to them from the perspective of the left ventricle; the red dotted arrows represent the additional structure
corresponding to the small orifice, and the yellow dotted arrows represents the additional structure corresponding to the large orifice. TrueVue
Glass (E) plus color Doppler (F) directly visualizes the two orifices of the MV from the left atrium side (surgical view) and the two blood streams
entering the left ventricle during diastole. The red and yellow solid line arrows in (A—C,E,F) indicate two asymmetric orifices of MV, respectively. 2D,

two-dimensional; 3D, three-dimensional

intraoperative guidance of CHD may require other relatively
expensive and time-consuming imaging techniques (Silvestry
et al., 2014; Jone et al,, 2016; Isorni et al.,, 2020). The novel
TrueVue, TrueVue Light, and TrueVue Glass series of 3DE
overcome these deficiencies to some extent, providing more
detailed and accurate information for CHD both in the
preoperative diagnosis and postoperative follow-up.

Although the diagnostic value of traditional 3DE has been
confirmed for relatively common septal defects (Saric et al., 2010;
Charakida et al., 2014; Cossor et al., 2015; Hadeed et al., 2016),
TrueVue plus a light source makes not only the defect boundary
clearer, but also makes the range for the soft rim more visible. In
TrueVue Glass, adjusting the transparency highlights the origin
and extent of an atrial or ventricular shunt. For PDAs, TrueVue
Glass with color allows us to observe the pattern of abnormal
blood flow, especially when using the “dual” mode, where we can
see that the shunt bundle in the deep pulmonary artery may be
more extensive than the surface flow seen in the 2D view. These
images can help us judge the PDA typing and degree, because
even if the opening width is the same, the shunt of the “window-
type” may be much greater than that of the long “tube-type”
(Youssef et al., 2020; Sehgal et al., 2021).
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For malformations of the thin cardiac valves, traditional 3D
images are closely dependent on the quality of 2D images;
however, while they are often used to evaluate the relatively
large and morphologically regular mitral valves (Sun et al., 2017;
Kalgik et al., 2021), their diagnostic value for pulmonary valves is
considered to be very limited and thus have not been routinely
used (Anwar et al., 2007; Valente et al., 2014). TrueVue Light
imaging is advantageous for the mitral and aortic valves.
Moreover, although the image quality is improved for the
pulmonary valve, the display is still restricted when the
quality of the original 2D image is poor, which is not enough
to provide sonographers with sufficient diagnostic confidence,
especially for infants or for TTE screening. Under these
circumstances, the application of TrueVue Glass may be
helpful, as its display of the location, number, width, and
overall morphology of the mitral valve multiple clefts and
pulmonary stenosis is significantly improved, and it provides
a clear surgical field of view. In endocardial cushion
malformation, it is often difficult to distinguish between
“transitional” or complete “single common annulus” on 2D
ultrasound (Nina et al., 2019). TrueVue Light imaging makes
it quite easy to determine the number of annulus and the
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Transthoracic echocardiography shows pulmonary artery sling and right ventricular diverticulum. (A=D). Transthoracic echocardiography
showing the pulmonary artery sling on the short-axis section of the great artery. 2D, traditional 3D, TrueVue Light, and TrueVue Glass show abnormal
orientation of the left pulmonary artery, which originate from a lower position, bypassing the rear of the trachea and then reflexed to the left, with
local stenosis showing increased blood flow speed (arrows). (E=H). 2D, traditional 3D, TrueVue Light, and TrueVue Glass show the diverticula

(the end-systolic volume is 15 mm X 9 mm X 9 mm, and the end-diastolic volume is 24 mm x 14 mm X 14 mm, arrows) at the apex of the RV
(arrows). (I). TrueVue Glass with color Doppler shows that blood in the right ventricle enters the diverticulum during diastole (left), and blood flow in
the diverticulum returns to the right ventricle during systole (right). 2D, two-dimensional; 3D, three-dimensional; Ao, aorta; PA, pulmonary artery;

LPA, left pulmonary artery; RPA, right pulmonary artery; RV, right ventricle

morphology of the atrioventricular valve. The shape and outline
of the thin bridge leaflet in CAVSD can be clearly displayed when
TrueVue Glass is also applied. DOMYV is often accompanied by
multiple sets of papillary muscle malformations (Karas et al.,
2003; Erkol et al., 2009). Traditional 2D and 3D ultrasound can
exactly diagnose the existence of the double orifice, but it is often
difficult to display the additional structure of the mitral valve
apparatus. The TrueVue Light more clearly illuminates the
structural characteristics connecting the chordae tendineae to
the corresponding papillary muscles.

This is exactly the issue with 3D rendering techniques: they
often “look good” but misrepresent the anatomic details;
especially with thin structures. The new Glass imaging mode
has obvious visual enhancement effects on the ability to display
thin structures, such as the atrial septum and thin valves, to a
certain extent, improving the problem of false echo loss in
traditional ultrasound.

Rare pulmonary artery sling imaging has certain
difficulties in 2D and traditional 3DE, usually need time-
consuming and laborious to confirm the diagnosis through
the 3D reconstruction of enhanced computed tomography
(CT), and the children under examination are not easy to
cooperate well (Sezer et al., 2019; Xu et al., 2020). TrueVue
Glass has an obvious advantage in the diagnosis of pulmonary
artery sling, and it is the first time that an innovative 3D
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ultrasound technology has been used to diagnose such rare
cardiovascular malformations. Rare ventricular diverticulum,
with its narrow entrance and long shape, may be easily missed
or misdiagnosed as a paracardiac vessel on 2D ultrasound
(Sozzi et al., 2017; Wang et al., 2021). The TrueVue Light
highlights the interior space features of the diverticulum.
TrueVue Glass further presents the outer contour of the
diverticulum directly. Previously, this contour could only
be seen with 3D reconstruction of enhanced CT.

Because the content and features of the diagnostic concerns
of different diseases are significantly different when applying
ultrasound imaging, we will ask more targeted questions for
different diseases during the questionnaire process, also because
the diagnostic advantages of these new 3D imaging technologies
will be more obvious for certain types of CHD. At the same
time, considering that the patient’s feelings are equally
important in the evaluation and treatment of CHD,
including a full understanding of the characteristics and
extent of their disease and the surgical procedure explained
by the doctor, we ask some of the patients or their guardians to
observe the conventional and new 3D display of the lesion
through the doctor’s explanation of the characteristics of their
disease. However, since they are not professionally trained in
medicine, they will only answer a small part of the questions
related to their medical procedure.
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Although the true resolution of the above-mentioned new series
of 3D images has not been improved digitally, these new imaging
modes plus light and shadow effects have significantly improved the
visual effects and diagnostic efficiency of the characteristics of CHDs.
Although traditional 2D and 3DE can also help us complete most of
the ultrasonic diagnosis of CHD, it is time-consuming and labor-
intensive, especially in some special diseases. The innovative TrueVue
combined with Light and Glass 3D imaging technology provides us
with more reliable reference information. In particular, the layered
sense by the photorealistic light source addition, and the outer
contour imaging of the heart cavity displayed by the application
of Glass (such as the shape of the left atrial appendage (Karagodin
et al, 2020) and the rare cardiac diverticulum, etc.) are new image
forms and diagnostic information that have never been obtained by
traditional postpartum cardiac ultrasound diagnostic technology,
which improve and correct the diagnosis more efficiently.

Limitations

The TrueVue, TrueVue Light, and TrueVue Glass series of 3D
cardiac ultrasound technologies have achieved satisfactory results in
some research fields, but there are some limitations and deficiencies.
This innovative series of 3DE improved the visual clarity of image
details to a certain extent, but in cases where the 2D image was very
dissatisfied displayed, it was still difficult to obtain a satisfying 3D
image, especially in TrueVue mode. Moreover, the application of
TrueVue plus light and Glass have requirements for the operator,
who should have mastery of the overall and partial anatomy of the
heart and be able to apply the tools of the machine for image
processing. It also requires the operator to be an “artist,” able to
flexibly use the visual effects produced by the light source to display
the abnormal anatomical structure. Therefore, a certain learning
curve to obtain optimal rendered images is required, and for doctors
with traditional 3DE operation experience, it is easy to master the
methods and skills of the new series of 3DE operations. Furthermore,
the extensive post-processing increases the possibility of artificial
creation or loss of defects based on variations in both scan quality and
post-processing technique. At present, as the 3DE of the TrueVue
series, especially TrueVue Glass, is a recently launched novel tools,
there are few published reports about them. In addition, although our
research is one with the largest sample size reporting on the
application of the above-mentioned new tools, it discusses limited
types of CHDs. Therefore, further studies are needed to explore their
application value and experience.

Conclusion

This study showed the excellent applicability of TrueVue,
TrueVue Light, and TrueVue Glass as diagnostic tools for
patients with suspected CHD. Compared with 2D and
traditional 3DE, the TrueVue, TrueVue Light, TrueVue Glass
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series of novel 3DE technologies’ display of abnormal structures
in patients with CHD more closely simulate real anatomical
features and make the outer contours of the heart chambers, the
thin valves and blood flow in the lumen more comprehensive and
clearer. These technologies provide us with a wealth of evidence
for the diagnosis and treatment of CHD and are a revolution in
the ultrasonic diagnosis method of CHD.
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SUPPLEMENTARY FIGURE S1

The diagnosis of patent ductus arteriosus by transthoracic
echocardiographic short-axis section of the great artery. . 2D, traditional
3D and TrueVue Light plus color Doppler showing the shunt from the
aorta to the main pulmonary artery (3 mm, arrows). (D). TrueVue Glass
“dual volume” shows the ventral and dorsal flow of the pulmonary artery,
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