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A b s t r ac t
We herein discuss state-of-the-art topics on recent advances in three-dimensional (3D)/four-dimensional (4D) ultrasound in
obstetrics. These advances include HDlive, HDlive silhouette, HDlive Flow, superb microvascular imaging (SMI), and SlowflowHD.
HDlive produces realistic sculpture images of the fetus and placenta, while HDlive silhouette presents holographic images.
HDlive Flow provides spatial 3D reconstructions of normal and abnormal fetal cardiovascular systems and placentas. 3D SMI
and 3D SlowflowHD both shows the microvasculature of the fetal organs and the placenta. These techniques allow for novel
visualization of normal and abnormal fetuses and placentas and a more detailed understanding of physiological and pathological
conditions. 3D/4D ultrasounds have the potential to become important modalities in future clinical practice and research on
the fetus and placenta.
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Introduction

1,3,4

1

Recent advances in 3D/4D ultrasound, such as HDlive, HDlive
silhouette,2 HDlive Flow,3 SMI,4 and SlowflowHD5,6 have led
to significant increases in obstetric diagnostic accuracy for
normal and abnormal fetuses and placentas. We herein
present the features of normal and abnormal fetuses and
placentas on state-of-the-art HDlive, HDlive silhouette,
HDlive Flow, 3D SMI, and 3D SlowflowHD. Furthermore,
we discuss the application of these novel techniques to
examinations of normal and abnormal fetuses and placentas
in current clinical settings as well as future research.

HD l i v e

and

HD l i v e S i l h o u e t t e

The HDlive system is a newly developed surface rendering
technique that uses skin-like colors and incorporates a
moveable and adjustable light source to create lighting and
shadowing effects that improve depth perception.7 It provides
anatomically realistic images of normal fetal development,
fetal anomalies, and placental abnormalities for both
operators and parents.1,8–18
HDlive silhouette is an innovative technology that
provides holographic-like images of the placenta and its
borders, while showing its core as transparent, as well as
the body folds and curves of a fetus and its organs with
vitreous-like clarity.2,19,20 It not only preserves and delineates
the outline and borders of both the fetus and organs, while
showing each core as transparent, but it allows operators to
clearly visualize their condition and structures.
Reconstruction of the fetal heart in the 4D rendering
mode was previously shown to be easier with HDlive
silhouette than with other techniques due to its holographic
characteristics. 21 HDlive silhouette dynamically applies
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transparency to rendered structures, which allows operators
to clearly visualize and identify the inner structures of the fetal
chest and intracardiac anatomy, specifically the four cardiac
chambers, the crisscross arrangements of the great arteries
and their spatial relationships, and the courses of the fetal
cardiac outflow and inflow tracts. It also depicts the spatial
relationship among the four valves and the opening and
closing of the atrioventricular and semilunar valves.

Singleton Pregnancy in the First Trimester
HDlive silhouette clearly showed the prominent changes
associated with embryonic and fetal development in the
first trimester (Figs 1 to 3), particularly the sac of midgut
herniation (Fig. 3B).
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Figs 1A and B: HDlive (A) and HDlive silhouette; (B) Images of
a normal embryo (E) and yolk sac (YS) at 6 weeks and 4 days
of gestation. The length from the crown to rump is 5 mm. VD,
Vitelline duct
Figs 4A and B: HDlive (A) and HDlive silhouette; (B) Images
of cystic hygroma (large arrow) at 10 weeks and 5 days of
gestation. The images obtained clearly show septated nuchal
translucency (A) and small cysts (*) (B); AM, Amniotic membrane;
YS, Yolk sac

visualized early in the first trimester of pregnancy by HDlive
and HDlive silhouette (Figs 5 to 7).
HDlive silhouette produced a clear image of ischiopagus
conjoined twins (Fig. 8).22

Fetal Face

Fig. 2: HDlive image showing an embryo at 8 weeks and 2 days
of gestation

HDlive presents a realistic fetal face, and HDlive silhouette
depicts inner structures, such as the lens and eyeball (Fig. 9).
A small indentation in the lower and medial area of the
right orbit and a mass below the left medial canthal area were
both observed on HDlive images (Fig. 10A), while bilateral
dacryocystoceles immediately under the medial canthal
area in both orbits was noted on HDlive silhouette images
(Fig. 10B).23

Fetal Heart
The atria and ventricles as well as the spatial relationships
of the great arteries in normal fetal hearts were clearly
visualized (Fig. 11). Imaging for leaflet identification of the
atrioventricular valves and great vessels in the en-face view
also depicted the opening and closing of the mitral, tricuspid,
pulmonary, and aortic valves (Fig. 12).21
Figs 3A and B: HDlive (A) and HDlive silhouette; (B) Images of a
normal fetus at 10 weeks and 6 days of gestation. Small arrows
indicate the sac of midgut herniation (MH). UC, Umbilical cord

Gastrointestinal Tract

In a case of cystic hygroma, HDlive showed septated
nuchal translucency, while HDlive silhouette depicted small
cysts (Fig. 4).

HDlive silhouette clearly showed the fundus, body, and
pylorus of the stomach (Fig. 13A).24
Furthermore, jejunal atresia and a dilated duodenum and
stomach were clearly visualized during HDlive silhouette of
jejunal stenosis (Fig. 13B).24

Twin Pregnancy in the First Trimester

Circumvallate Placenta

The characteristic features of monochorionic diamniotic
and dichorionic diamniotic twin pregnancies were clearly

A central depression of the placenta with rolled-up edges
around its boundary was observed using HDlive (Fig. 14).
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Figs 5A and B: HDlive (A) and HDlive silhouette; (B) Images
showing monochorionic diamniotic twins at 8 weeks and 5 days
of gestation. YS, Yolk sac
Figs 7A and B: HDlive (A) and HDlive silhouette; (B) Images
showing dichorionic diamniotic twins at 9 weeks and 1 day of
gestation

Figs 6A and B: HDlive (A) and HDlive silhouette; (B) Images
showing monochorionic diamniotic twins at 10 weeks and 2 days
of gestation. YS, Yolk sac

HD l i v e F lo w
HDlive Flow incorporates a moveable and adjustable light
source to create lighting and shadowing effects that improve
depth perception in 3D/4D color/power Doppler.25,26 Previous
studies on fetal heart reconstruction reported that the resolution
of images was significantly better with 3D/4D color/power
Doppler using HDlive than those obtained using conventional
3D/4D techniques, which provided clear images of the normal
fetal heart and congenital heart disease (CHD).26–28
HDlive Flow silhouette is an innovative technology that
provides holographic-like images of fetal cardiovascular
blood flow and the borders of blood flow with vitreous-like
clarity, while showing its core as semitransparent.26,28,29 The
normal fetal heart and CHD have been extensively examined
in the last 7 years using HDlive Flow silhouette with
spatiotemporal image correlation (STIC).3,25–46

Fig. 8: A HDlive silhouette image of ischiopagus conjoined
twins taken at 9 weeks and 1 day of gestation. HDlive silhouette
clearly shows the connection between the two embryos and
two yolk sacs (YS) in the pubic area (large arrow). AM, Amniotic
membrane; FH, Fetal head. (Courtesy: Reprinted with permission
from Jaypee Brothers Medical Publishers (P) Ltd.22)

Normal Heart
In normal fetuses at 12–14 + 6 weeks of gestation, the
frequencies of “elongated heart,” “elongated left ventricle,”
and “spherical heart” were 12.2, 6.2, and 81.6%, respectively
(Fig. 15). Moreover, the frequencies of “tortuous descending
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Figs 9A and B: HDlive (A) and HDlive silhouette; (B) Images
showing a fetal face at 35 weeks and 2 days of gestation. EB,
Eyeball; L, Lens

Figs 10A and B: HDlive (A) and HDlive silhouette; (B) Images
showing bilateral congenital dacryocystoceles (arrows) at
28 weeks and 3 days of gestation. (Courtesy: Reprinted with
permission from Jaypee Brothers Medical Publishers (P) Ltd.23)

Figs 11A and B: A normal fetal heart at 20 weeks and 2 days of
gestation. The aorta (Ao) originates from the left ventricle (LV).
The pulmonary artery (PA) exits the right ventricle (RV) and
crosses in front of the Ao. (A) 2D echo; (B) HDlive silhouette. AoA,
Aortic arch; DAo, Descending aorta; LA, Left atrium; ROI, Region
of interest; RA, Right atrium
98

Figs 12A and B: En-face view of four cardiac valves in a normal
fetal heart at 22 weeks and 1 day of gestation. Closing of the
mitral (MV) and tricuspid (TV) valves in systole was clearly
observed. (A) 2D echo; (B) HDlive silhouette. Ao, Aorta; LA, Left
atrium; LV, Left ventricle; PA, Pulmonary artery; RA, Right atrium;
ROI, Region of interest; RV, Right ventricle

Figs 13A and B: Fetal intra-abdominal organs using HDlive
silhouette. (A) Normal fetus; (B) jejunal atresia. D, Duodenum; J,
Jejunum; P, Pylorus; St, Stomach; UV, Umbilical vein. (Courtesy:
Reprinted with permission from Jaypee Brothers Medical
Publishers (P) Ltd.24)

Fig. 14: HDlive image showing a circumvallate placenta (arrows)
at 16 weeks and 1 day of pregnancy. F, Fetus; P, Placenta
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aorta” and “straight descending aorta” were 12.2 and 87.8%,
respectively (Fig. 16).43
Five fetal cardiac views, namely, the frontal, spatial
three-vessel, panoramic, posterior, and right lateral views,
using HDlive Flow silhouette with STIC may become a useful
adjunct method to detect CHD in the second and third
trimesters of pregnancy (Fig. 17).37

CHD
In a case of coexistent mitral and aortic atresia, ductus
arteriosus aneurysm, and aortic tortuosity and kinking, the
latter was detected at 13 weeks and 6 days of gestation by
HDlive Flow (Fig. 18).42
In a case of transposition of the great arteries, HDlive Flow
with STIC performed at 20 weeks and 5 days of gestation
clearly depicted ventriculoarterial discordance (Fig. 19).40
In a case of persistent left superior vena cava with absent
right superior vena cava, persistent left superior vena cava
connected to a dilated coronary sinus with absent right
superior vena cava was clearly visualized at 28 weeks and
4 days of gestation by HDlive Flow (Fig. 20).38

Figs 15A and B: A normal fetal heart depicted by HDlive Flow
at 14 weeks of gestation. (A) Spatial three-vessel view; (B) right
lateral view. Ao, Aorta; AoA, Aortic arch; DAo, Descending aorta;
IVC, Inferior vena cava; LV, Left ventricle; PA, Pulmonary artery;
RA, Right atrium; RV, Right ventricle; SVC, Superior vena cava

Figs 16A and B: Posterior view of a normal fetal heart. (A) Straight
DAo at 14 weeks and 1 day; (B) tortuous DAo at 12 weeks and
6 days. DAo, Descending aorta

Marginal Cord Insertion
Marginal cord insertion was clearly depicted by HDlive Flow
at 24 weeks and 6 days of gestation (Fig. 21).

Velamentous Cord Insertion
HDlive Flow silhouette produced clear images showing not
only the number, but also the direction of aberrant vessels
of the umbilical cord on fetal membranes connected to the
placenta in a mangrove-like attachment (Fig. 22).

Retained Products of Conception (RPOC)
The sonographic appearance of uterine-enhanced myometrial
vascularity/arteriovenous malformations on HDlive Flow
silhouette is novel and unique, which may facilitate their
diagnosis and localization in the myometrium.47 HDlive Flow
depicted more blood vessels in RPOC than conventional color
Doppler (Fig. 23).

Figs 17A and B: A normal fetal heart depicted by HDlive Flow
at 18 weeks and 5 days of gestation. (A) Right lateral view; (B)
panoramic view. AoA, Aortic arch; DAo, Descending aorta; DV,
Ductus venosus; IVC, Inferior vena cava; PA, Pulmonary artery;
UV, Umbilical vein

Fig. 18: A HDlive Flow image (panoramic view) showing aortic
tortuosity (small arrow) and kinking (large arrow) at 13 weeks
and 6 days of gestation. DAo, Descending aorta; HV, Hepatic
vein; IVC, Inferior vena cava; PA, Pulmonary artery; RV, Right
ventricle. (Courtesy: Reprinted with permission from Jaypee
Brothers Medical Publishers (P) Ltd.42)
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Fig. 19: HDlive Flow image of transposition of the great arteries
at 20 weeks and 5 days of gestation showing their parallel course.
Ao, Aorta; AoA, Aortic arch; DAo, Descending aorta; LPA, Left
pulmonary artery; LV, Left ventricle; PA, Pulmonary artery; RV,
Right ventricle. (Courtesy: Reprinted with permission from Jaypee
Brothers Medical Publishers (P) Ltd.40)

Figs 20A and B: Persistent left superior vena cava (PLSVC) with
absent right superior vena cava (arrow) at 28 weeks and 4 days
of gestation. (A) Right lateral view; (B) panoramic view. Ao, Aorta;
AoA, Aortic arch; CS, Coronary sinus; DAo, Descending aorta;
HV, Hepatic vein; IVC, Inferior vena cava; LA, Left atrium; LV,
Left ventricle; PA, Pulmonary artery; RA, Right atrium; RV, Right
ventricle. (Courtesy: Reprinted with permission from Jaypee
Brothers Medical Publishers (P) Ltd.38)

Fig. 21: HDlive Flow image of marginal cord insertion at
24 weeks and 6 days of gestation. The arrow shows the placental
margin. CSV, Chorionic surface vessel; F, Fetus; P, Placenta; UC,
Umbilical cord

Fig. 22: HDlive Flow silhouette image showing velamentous
cord insertion at 23 weeks and 5 days of gestation. AV, Aberrant
vessel; P, Placenta; UC, Umbilical cord

Figs 23A and B: Retained products of conception (large arrow). The small arrow shows blood vessels in RPOC. (A) Color Doppler;
(B) HDlive Flow with HDlive silhouette
100
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3D SMI
A unique clutter elimination algorithm in SMI, a newly
developed Doppler technology, significantly reduces the
artifacts of tissue motion and, thus, has the capacity to clearly
depict low-velocity blood flow in small vessels.48 Superb
microvascular imaging produces high-resolution images
at high frame rates. 49 Therefore, new insights into the
microvasculature may be achieved by SMI in clinical
settings, and its application to the diagnosis of normal
and abnormal placental vasculature has been extensively
examined.4,34,48,50–53
Superb microvascular imaging uses smart 3D technology
to spatially reconstruct the microvasculature of not
only normal fetal organs, but also normal and abnormal
placentas.4,34,48,51,53,54 However, since smart 3D involves
the manual acquisition of large volumes of data, the
reproducibility of the 3D-reconstructed fetal and placental
vasculature using smart 3D technology with SMI is currently
insufficient.55

Intra-abdominal Organ Microvasculature
A previous study employed 3D SMI with an 18-MHz probe
to observe the characteristic microvasculature of the liver,

Fig. 24: A three-dimensionally reconstructed left kidney (LK)
using SMI with an 18-MHz probe at 22 weeks of gestation. Ao,
Aorta; LRA, Left renal artery; LRV, Left renal vein

spleen, and kidney,54 which depicted a coral-like appearance,
a palisade arrangement of small vascular trees, and a
baobab-like appearance, respectively (Fig. 24).

Placental Microvasculature
Tertiary stem villous vessels were visualized at approximately
16 weeks of gestation and increased in complexity until term
(Fig. 25). Superb microvascular imaging with an 18-MHz probe
more clearly visualized this complex microvasculature than
conventional SMI (Fig. 26).56
Clear images showing the significant dilatation of
decidual vessels in the lower anterior segment of the uterus
in a case of placenta accreta spectrum were produced at
31 weeks and 4 days of gestation (Fig. 27).56

3D S lo w f low HD
SlowflowHD, a novel Doppler technology, is characterized by
a high-display frame rate, high-line density (high resolution),
and good sensitivity. It has been used to depict low-velocity
blood flow in the smaller vessels of the branching vascular
bed of the fetus.5,57,58 It is also applied to examination of
low-velocity blood flow in the peripheral small vessels of
the fetus.
3D SlowflowHD, the latest Doppler technology, uses a
novel transabdominal mechanical matrix probe and has been
applied to spatially reconstruct the microvasculature of fetal

Figs 26A and B: Placental microvasculature using SMI with
an 18-MHz probe at 37 weeks and 4 days of gestation. (A) 2D
SMI; (B) 3D SMI

Fig. 25: Placental microvasculature using SMI
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organs and the placenta.55 XDClear TechnologyTM is used
to operate the probe, which employs an innovative “single
crystal layer,” an “acoustic amplifier” to effectively amplify
acoustic power, and a “cool stack” to prevent increases in the
probe temperature. 3D SlowflowHD may be used to produce
high-resolution images with excellent visibility in the first to
third trimester of pregnancy.

Fetal Organ Microvasculature
Images produced by 3D SlowflowHD clearly showed the spatial
relationships among the intracranial vasculature (Fig. 28).55
The lung, liver, spleen, adrenal gland, and kidney displayed
the following characteristic features on 3D SlowflowHD: a
“wheat-field-like appearance” (Fig. 29), “soft-cod-roe-like
appearance” (Fig. 30), “baobab-like appearance” (Fig. 31),
“cactus-like appearance” (Fig. 32), and an “artichoke-like
appearance” (Fig. 32), respectively. 55 Increases in the
complexity of the microvasculature in each organ were
observed throughout gestation until term.

Placental Microvasculature
3D SlowflowHD showed increases in the complexity of the
placental microvasculature throughout gestation until term
(Fig. 33).

S u mm a ry
HDlive allows obstetricians to obtain realistic and superior
images of the complex inter-relationships among the
fetus, placenta, and umbilical cord. The current use and
future applications of this imaging modality to prenatal
examinations of normal and abnormal fetuses, placentas,
and umbilical cords are promising. HDlive will facilitate
prenatal diagnoses of abnormalities in the fetus, placenta,
and umbilical cord, and has a number of advantages over
conventional two-dimensional (2D) and 3D sonography.
The features of normal fetal structures in the early stages
of pregnancy as well as congenital malformations may be
visualized by HDlive silhouette, which shows outlines of

Figs 27A to C: A case of placenta accreta spectrum produced by SMI with an 18-MHz probe at 31 weeks and 4 days of gestation. (A)
High-resolution 2D sonographic image; (B) high-resolution color-coded SMI image with Doppler luminance; (C) high-resolution 3D
SMI image. M, Myometrium; P, Placenta. (Courtesy: Reprinted with permission from Jaypee Brothers Medical Publishers (P) Ltd.57)

Fig. 28: Fetal intracranial blood vessels using 3D SlowflowHD
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Fig. 29: Fetal pulmonary microvasculature shown using 3D SlowflowHD. LL, Left lung; RL, Right lung

Fig. 30: Fetal hepatic microvasculature shown using 3D SlowflowHD

Fig. 31: Fetal splenic microvasculature shown using 3D
SlowflowHD. AG, Adrenal gland; S, Spleen; SA, Splenic artery;
St, Stomach; SV, Splenic vein

the structures of interest while simultaneously depicting
their inner cores. These unique characteristics allow for
not only the identification of a normal anatomy, but also
the diagnosis of complex congenital malformations. One
of the main advantages of HDlive silhouette over recent

advanced rendering techniques, including 3D/4D ultrasound
and HDlive, is the shadowing effect, which improves depth
perception and highlights any structures behind those being
directly visualized.
Operators may obtain novel information by using HDlive
Flow silhouette in examinations of normal cardiac structures,
the diagnosis of CHD, and assessments of the placenta
and umbilical cord as an adjunct to conventional 2D fetal
echocardiography and conventional 2D/3D color/power
Doppler. 3D/4D reconstructions of the normal fetal heart,
CHD, and normal and abnormal placentas and umbilical
cords will be important in evaluations of normal fetal cardiac
structures, the antenatal diagnosis of CHD, and prenatal
diagnosis of abnormalities in the placenta and umbilical cord
in clinical settings and future research.
Low-velocity blood flow in fetal intracranial, intrathoracic,
intra-abdominal vessels and normal and abnormal placentas
in addition to the microvasculature of the lung, liver,
spleen, adrenal gland, kidney, and placenta may be clearly
visualized by operators using 3D SMI and 3D SlowflowHD.
A more detailed understanding of the pathophysiology of
fetal vascular anomalies, fetal lung maturation, fetal growth
restrictions, fetal anemia, and intrauterine inflammation may
be obtained by using these imaging modalities in clinical
settings and future research.
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Fig. 32: Fetal renal and adrenal microvasculature shown using 3D SlowflowHD. RAG, Right adrenal gland; RK, Right kidney

Fig. 33: Fetal placental microvasculature shown using 3D SlowflowHD
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