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Abstract
Objectives: The paper aims to evaluate the feasibility and reliability of HeartAssistTM, which automatically provides complex fetal heart view image classiﬁcations and fetal heart structural measurements.
Methods: Expert examiners obtained 10 fetal heart view images and measured each parameter
manually and using HeartAssistTM. HeartAssistTM automatically classiﬁed the acquired fetal heart
view images and measured the parameters. The acceptance rate of classiﬁcation and the accuracy
of annotation were evaluated. The automatic segmentation and measurement was also compared
with that of manual measurement.
Results: Fetal heart view images from 4,000 fetuses were acquired and analyzed at Asan Medical
Center. The range of gestational ages acquired was between 20 and 40 weeks. HeartAssistTM
provided the following results; The acceptance rate of classiﬁcation of the 10 fetal heart view
images was 95.5%. The accuracy of annotation by ViewAssistTM was 100%. Dice similarity coefﬁcient of 84.8% was sufﬁcient for the measurement of the structures, and HeartAssistTM reduced
the processing time by 87% compared to the manual process.
Conclusion: HeartAssistTM provides automatic classiﬁcation of fetal heart view images and measurement of fetal heart parameters, leading to the diagnosis of congenital heart disease (CHD)
with a signiﬁcant reduction in the processing time. HeartAssistTM is expected to be of great assistance in the evaluation and detection of CHD.
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The purpose of this study is to introduce HeartAssistTM and to verify its reliability in providing automatic classiﬁcation and measurements of fetal heart view images.
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Materials and methods
This study was a retrospective analysis using collected data of the normal fetuses at Asan Medical Center, Seoul, Korea. All prenatal sonographic evaluations were performed using an HeartAssistTM equipped WS80A and HERA W10 (Samsung Medison Co., Ltd, Seoul, Korea) with a transabdominal probe (Table 1).
Table 1. Environment for development and evaluation

Items

Contents

Institution name

Department of Obstetrics and Gynecology, Asan Medical Center, Seoul, Korea

Principal investigator

Hye-Sung Won M.D., Ph.D.

Sponsor organization

Samsung Medison Co., Ltd, Seoul, Korea

Target sample size

4,000 fetuses

Primary purpose

To verify the reliability of fetal heart evaluation using HeartAssistTM

For study inclusion, fetuses were:
1. from singleton pregnancies conﬁrmed by prenatal ultrasonography,
2. required to undergo detailed high-resolution ultrasonography, including echocardiography
by several specialists in maternal-fetal medicine, and
3. between 20 and 40 weeks gestational age (GA).
The recorded data included ten classiﬁed views: transverse abdominal view (TAV), four-chamber
view (4CV), left ventricular outﬂow tract (LVOT) view, right ventricular outﬂow tract (RVOT) view,
three-vessel view (3VV), three-vessel trachea (3VT) view, three-vessel view pulmonary artery (3VV
PA), aortic arch (AArch) view, ductal arch (DArch) view and bicaval view. Additionally, from the ten
classiﬁed views, seven classiﬁed views were used to measure the 44 parameters and divided into
three categories: 1) Measurement data points (34): cardiac axis, thoracic area, heart area, thoracic
circumference (thoracic circ), heart circumference (heart circ), thoracic transverse diameter, heart
transverse diameter, left atrium (LA) width, right atrium (RA) width, left ventricle (LV) width, right
ventricle (RV) width, LV length, RV length, LA area, RA area, LV area, RV area, tricuspid valve (TV)
annulus diameter, mitral valve (MV) annulus diameter, aortic valve (AV) annulus diameter, ascending
aorta diameter (Asc.Ao diam), pulmonary valve (PV) annulus diameter, pulmonary artery diameter
(PA diam), aorta diameter (Ao diam), superior vena cava diameter (SVC diam), thymus diameter (thymus diam), aortic isthmus diameter (Ao isthmus diam), ductus arteriosus diameter (DA diam), main
pulmonary artery diameter (MPA diam), right pulmonary artery diameter (RPA diam), transverse
aortic arch diameter, and descending aorta diameter (Desc.Ao diam), 2) Calculation data points (8):
cardiothoracic area ratio (CTAR), cardiothoracic circumference ratio (CTCR), cardiothoracic ratio (CTR),
left to right ventricular width ratio [LV/RV (W)], left to right ventricular length ratio [LV/RV (L)],
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left to right ventricular area ratio [LV/RV (A)], aortic valve to aorta ratio (AV/Ao), aortic to pulmonary
valve ratio (AV/PV), 3) Judgment data points (2): 3VV alignment and 3VT-V shape (Table 2).
HeartAssistTM also included Z-scores as a qualitative measurement method. The Z-scores were
expressed as a multiple of the standard deviation. The measurement deviates from the mean, allowing
the comparison of cardiac sizes’ growth. Among the 44 parameters, 14 parameters were calculated by
Z-scores: Ao isthmus diam in 3VT view(5), DA diam in 3VT view(5), heart transverse diameter (width), heart
circumference (heart circ), and heart area(6), CTR(7), LA width(8), RA width(8), LV width(8), RV width(8), LV/RV
(W)(8), AV annulus diameter(8), PV annulus diameter(8), and AV/PV(8).
Table 2. The list of 10 classiﬁed views; 7 views for the 44 parameters and annotations, 3 views for annotation only.

View

Parameter

View

AV annulus diameter

Cardiac axis
Thoracic area

LVOT view

Thoracic circ

RVOT view

PV annulus diameter
AV/PV

Heart circ

3VV alignment

CTCR

PA diam

Thoracic transverse diameter

3VV

Ao diam

Heart transverse diameter

SVC diam

CTR

Thymus diam

LA width

3VT-V shape

RA width
4CV

Asc.Ao diam
AV/Ao

Heart area
CTAR

Parameter

3VT view

LV width
RV width
LV/RV (W)

DA diam

3VV PA

LV length
RV length
LV/RV (L)

Ao isthmus diam
MPA diam
RPA diam
Asc.Ao diam

AArch view

LA area

Transverse aortic arch diameter
Ao isthmus diam
Desc.Ao diam

RA area

DArch view

Only annotation

LV area

Bicaval view

Only annotation

RV area

TAV

Only annotation

LV/RV (A)
TV annulus diameter
MV annulus diameter
Please refer to the “materials and methods” text for abbreviations.
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HeartAssistTM was trained by deep learning algorithms and designed to have the ability to classify,
annotate, segment, measure and calculate from the acquired fetal heart images. The ResNet-based
model was based on deep learning algorithms to classify and annotate. The dice similarity coefﬁcient
(DSC) was the statistical method of segmentation to measure, calculate, and evaluate. The DSC was
calculated as 2 x area of overlapped area between predicted area and ground truth area / total area
(predicted area + ground truth area)(9, 10). The measurement parameters included diameter, area,
circumference and Z-scores according to each parameter’ reference. The sequence of processes implemented by HeartAssistTM was the same as that of the specialist as follows. The total processing time
was deﬁned from when the examiner pressed the freeze button until when the annotation or measurement was completed. On the other hand, when using the automation process, the total processing
time was deﬁned from when the image was loaded for measurement until when the annotation or
measurement was ﬁnished.
When the described process results were presented, the analyst focused on classiﬁcation and measurement and also conducted veriﬁcation. The ﬁrst veriﬁcation method was interpreted as ‘success’ if
the fetal heart images classiﬁed by HeartAssistTM matched the expert's results, or ‘failure’ if they didn’t
match the expert’s results. The second veriﬁcation method measured the consistency between the
area of the fetal heart structures segmented manually by an expert and automatically by HeartAssistTM.

Results
The ResNet-based model was trained on about 20,000 randomly sampled frames (10 views and 44
parameters) and tested on 10% of total images from 4,000 fetuses. HeartAssistTM has successfully
achieved a series of processes to classify the acquired images and measure each structure’s parameters.
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Automatic classiﬁcation
Acquired fetal heart images were classiﬁed by HeartAssistTM automatically. The automatic classiﬁed
fetal heart images matched the expert’s classiﬁed answers by 95.5% on average. Table 3 shows the
acceptance rate. In the case of RVOT view, 3VV, 3VT view, and 3VV PA, the acceptance rate was calculated with redundant answers, as it tends to be observed with similar images depending on the
expert’s handling.
Table 3. The results of the acceptance rate

Acceptance rate (%)

TAV

4CV

LVOT
view

RVOT
view

3VV

3VT
view

3VV PA

AArch
view

DArch
view

Bicaval
view

95.5

93.0

97.1

100.0

100.0

99.0

100.0

90.5

90.2

91.2

Please refer to the “materials and methods” text for abbreviations.

Automatic annotation
(* Automatic annotation is activated when the ViewAssistTM option is available on the system)
According to clinical standards, when the ViewAssistTM option is available on the ultrasound
system, for each frame, HeartAssistTM automatically annotated the anatomy in the center of the
structures and also added a label indicating its view from the list of 10 views. Experts validated
these annotations. All labels are correctly annotated (Figure 1).
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A.

B.

C.

D.

Figure 1. The results of automatic annotation using ViewAssist™. A. four-chamber view (4CV); B.
three-vessel view (3VV); C. three-vessel view pulmonary artery (3VV PA); D. left ventricular
outﬂow tract (LVOT) view. RV, right ventricle; LV, left ventricle; RA, right atrium; LA, left atrium;
PA, pulmonary artery; Ao, aorta; SVC, superior vena cava; RPA, right pulmonary artery; Asc.Ao,
ascending aorta.
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Automatic segmentation and measurement
The automatic segmentations by HeartAssistTM consistently generated cross-sectional regions
similar to that of manual raters (Figure 2). The DSC averaged 84.8% when the automatic segmentation of fetal heart structures was compared to the expert’s measurements (Table 4).

A.

B.

C.

D.

Figure 2. The results of automatic segmentation. A. four-chamber view (4CV); B. three-vessel
view (3VV); C. three-vessel view pulmonary artery (3VV PA); D. left ventricular outﬂow tract
(LVOT) view. The manual segmentation was indicated with green lines. HeartAssistTM segmentation was indicated with yellow lines.
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Table 4. The results of automatic segmentation using dice similarity coefﬁcient

DSC (%)

TAV

4CV

LVOT
view

RVOT
view

3VV

3VT
view

3VV PA

AArch
view

DArch
view

Bicaval
view

94.5

90.5

85.8

83.6

81.6

85.3

82.9

79.3

82.8

82.1

DSC, dice similarity coefﬁcient

The Z-scores graph helps interpret the results (Figure 3). The Z-scores of HeartAssistTM helps
quantify the growth of cardiac structures compared to overall fetal development. The previous
studies of normal fetal cardiac dimensions have allowed quantitative assessment of fetal cardiac
growth using centiles of the GA. However, the Z-scores are an alternative method to centiles for
evaluating cardiac structures because it is more related to fetal growth than to the GA(5, 6, 11-13).

Figure 3. The graph with the yellow mark (x) of the measured values using the Z-scores. The grey
lines indicate ±2 standard deviations (SD). The blue line displays the mean. LA, left atrium; DArch,
ductal arch.
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The comparing of processing time between manual and automatic measurement
The automatic annotation and measurement saved an average of 87% of the processing time
over manual measurement. For example, the manual annotation time of the TAV was 7,060 milliseconds (ms). On the other hand, the automatic annotation time of HeartAssist™ was only 842 ms.

The difﬁcult cases
Occasionally, the results of using HeartAssistTM with uncertain images were interpreted into two
separate categories. The ﬁrst category was that HeartAssistTM's results were considered acceptable similar to that of expert when classifying RVOT view, 3VV, 3VT view, and 3VV PA. As previously mentioned, those views had only minimal differences (Figure 4). The second category was that
HeartAssistTM could classify even a problematic image correctly as the result of deep learning (Figure 5).

A.

B.

Figure 4. A is an uncertain image. HeartAssistTM can classify this image into the right ventricular
outﬂow tract (RVOT) view with 25% possibility (B). According to the expert’s point of view, this
image can be classiﬁed as the RVOT view or the three-vessel tracheal (3VT) view. RV, right ventricle; PA, pulmonary artery.
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A.

B.

Figure 5. Application of HeartAssistTM in uncertain images (A and B). DArch, ductal arch.

Discussion
HeartAssistTM is a novel program developed to reduce the processing time of fetal echocardiography. Additionally, it helps examiners diagnose CHD with high accuracy by classifying fetal heart
view images and measuring parameters of the fetal heart structures. The importance of fetal
echocardiography in the detection and diagnosis of CHD was key to the development of HeartAssistTM.
Fetal echocardiography can be performed at any time during the second trimester when cardiac
anatomical details can be adequately visualized. According to the International Society of Ultrasound in Obstetrics and Gynecology (ISUOG) published practice guidelines, analyzing a 4CV of the
fetal heart and examining the size and relationships of both arterial outﬂow tracts should be
performed even in fetuses at low-risk for cardiac anomalies(2).
Prenatal echocardiography plays a vital role in diagnosing CHD as it allows for better neonatal
outcomes. It also calls for an increasingly complex examination by examiners. Thus, 10 grayscale
images, eight color Doppler ultrasounds, ﬁve pulse-Doppler ultrasounds, heart rate and rhythm
assessment, and nine cardiac biometrics are recommended to diagnose CHD according to the
American Institute of Ultrasound in Medicine (AIUM)(3).
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It is important to note that many examiners are busy and fatigued in their daily practice and may
produce inconsistent results due to the number of parameters that need to be measured. Therefore, a consistent automation system was developed to resolve these problems. Computer-aided
analysis of the fetal heart may assist the examiners in identifying CHD. Detecting the fetal heart’s
location and viewing the planes for classiﬁcation are critical steps where automation would be of
great assistance. HeartAssistTM compensates the limitations of manual examination by providing
several key advantages. It provides automatic classiﬁcation and measurement for 10 fetal heart
views obtained from fetal echocardiography. It also enables a shorter processing time compared
to manual processing. These capabilities allowed enhanced performance, better validation, and
faster operation without the in-examiner variability experienced when performing manual examinations.

Conclusion
In conclusion, HeartAssistTM is best used as a tool to facilitate the analysis of the fetal heart. This
program is recommended for use to overcome limitations of manual examination arising from
inter-examiner variability and for examiners who lack expertise in fetal heart ultrasonography
and are unable to easily obtain measurement data in their practice. Finally, the examiner will
achieve consistent results using HeartAssistTM, which may be contributing to the increase in
detection rate of CHD, ultimately leading to improved perinatal outcomes.

* Remark: ViewAssistTM & HeartAssistTM are two separate optional features.

WP202106-HeartAssist™

References
1.

Abuhamad A, Chaoui R. A Practical Guide to Fetal Echocardiography: Normal and Abnormal Hearts.
Philadelphia: Wolters Kluwer Health; 2015.

2. Lee W, Allan L, Carvalho JS, Chaoui R, Copel J, Devore G, et al. ISUOG consensus statement: what
constitutes a fetal echocardiogram? Ultrasound Obstet Gynecol. 2008;32(2):239-42.
3. AIUM Practice Parameter for the Performance of Fetal Echocardiography. J Ultrasound Med.
2020;39(1):E5-E16.
4. Abu-Harb M, Hey E, Wren C. Death in infancy from unrecognised congenital heart disease. Arch Dis
Child. 1994;74(1):3-7.
5. Pasquini L, Mellander M, Seale A, Matsui H, Roughton M, Ho SY, et al. Z-scores of the fetal aortic
isthmus and duct: an aid to assessing arch hypoplasia. Ultrasound Obstet Gynecol.
2007;29(6):628-33.
6. Li X, Zhou Q, Huang H, Tian X, Peng Q. Z-score reference ranges for normal fetal heart sizes
throughout pregnancy derived from fetal echocardiography. Prenat Diagn. 2015;35(2):117-24.
7. Chaoui R, KS. H, R. B. Ultasound measurements of the fetal heart in the 4-chamber image
plane. Prenat Diagn. 1994;54(2):92-7.
8. Shapiro I, Degani S, Leibovitz Z, Ohel G, Tal Y, Abinader EG. Fetal cardiac measurements derived by
transvaginal and transabdominal cross-sectional echocardiography from 14 weeks of gestation to
term. Ultrasound Obstet Gynecol. 1998;12(6):404-18.
9. Dice LR. Measures of the amount of ecologic association between species. Ecological Society
of America. 1945;26(3):297-302.
10. Sorensen T. A method of establishing groups of equal amplitude in plant sociology based on
similarity of species content. Biologiske skrifter. 1948;5(4):1-34.
11. Lee W, Riggs T, Amula V, Tsimis M, Cutler N, Bronsteen R, et al. Fetal echocardiography: z-score
reference ranges for a large patient population. Ultrasound Obstet Gynecol. 2010;35(1):28-34
12. Liang G, Zheng L. A transfer learning method with deep residual network for pediatric pneumonia diagnosis. Comput Methods Programs Biomed. 2020;187:104964.
13. Schneider C, McCrindle BW, Carvalho JS, Hornberger LK, McCarthy KP, Daubeney PE. Development of Z-scores for fetal cardiac dimensions from echocardiography. Ultrasound Obstet Gynecol. 2005;26(6):599-605.

Disclaimer
* The features mentioned in this document may not be commercially available in all countries. Due to regulatory reasons, their future
availability cannot be guaranteed.
* Do not distribute this document to customers unless relevant regulatory and legal affairs ofﬁcers approve such distribution.
* Images may have been cropped to better visualize its pathology.
* This clinical practice review is not an ofﬁcial clinical study or paper presented at a conference. It is a result of a personal study conducted by
collaboration between Samsung Medison and Prof. Hye-Sung Won. This review is to aid customer in their understanding, but the objectivity
is not secured.
* 본자료는 공식 임상시험 결과물이나 학회에 발표된 논문이 아니며 삼성메디슨이 원혜성 교수님과 협업하여 산출된 개인 연구의 결과물입니다.
고객의 요청에 따라 이해를 돕기 위해 제공하는 자료일 뿐 객관성은 확보되지 않았습니다.

SAMSUNG MEDISON CO., LTD.
© 2021 Samsung Medison All Rights Reserved.
Samsung Medison reserves the right to modify any design, packaging,
https://www.samsunghealthcare.com/en/products/UltrasoundSystem

