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ABSTRACT

Introduction

Both three-dimensional (3D) and four-dimensional (4D)
ultrasound have improved our knowledge regarding the
development of the embryo and fetus and of a great number
of fetal anomalies. The great achievement in the field of
3D/4D ultrasound is HDlive technology. This technology is a
novel ultrasound technique that improves the 3D/4D images.
Furthermore, recent advanced 3D technology has produced
exciting new applications of HDlive silhouette and HDlive flow.
The algorithm of HDlive silhouette creates a gradient at organ
boundaries where an abrupt change of the acoustic impedance
exists within tissues. By HDlive silhouette mode, an inner cystic
structure with fluid collection can be depicted through the outer
surface structure of the body, and it can be appropriately named
as ‘see-through fashion’. Close observation of small embryos
and fetuses by advanced 3D technology in early gestation
allows us to make diagnoses of various abnormalities. Novel
imaging techniques are illustrated in the definition of normal
embryonic anatomy as well as in the identification of many of
congenital anomalies. Prenatal ultrasound has established
sonoembryology and neurosonology, and advnanced HDlive
and HDlive silhouette and flow imaging added further clinical
significance to conventional 3D/4D imaging in those fields.
They allow extending the detection of anatomical congenital
anomalies to an earlier gestational age, and it is beyond
description that noninvasive viewing of the embryo/fetus
by all—inclusive ultrasound technology is definitely the first
modality in a field of prenatal diagnosis, and help our goal of
proper perinatal care and management.

The prenatal diagnosis of congenital anomalies with
ultrasound is based upon identification of a substantial
departure of normal anatomy. This has been possible
in the second and third trimesters of pregnancy, and
this achievement has made the diagnosis of congenital
anomalies one of the objectives of modern prenatal
care. The definition of the ‘normal anatomy’ of the
human embryo provides the basis for the identification
of congenital anomalies at the earliest stages of human
development. This goes beyond the mere identification
of nuchal translucency, because it is now possible to
identify anomalies even in the absence of an abnormal
nuchal translucency. Therefore, the scope of prenatal
diagnosis during embryonic life has been widened by
sonoembryology with three-dimensional (3D) ultrasound.
Owing to prenatal ultrasound technology, there has
been an immense acceleration in understanding of early
human development. After the introduction of highfrequency transvaginal transducers in clinical obstetrics,
the term ‘sonoembryology’ was first coined in 1990.1 Threedimensional sonography performed with a transvaginal
approach has expanded the depth of inquiry, and allowed
3D sonoembryology.2 A major limitation of embryology is
that it has been traditionally based in specimens obtained
after embryonic death. Structural and functional early
human development has been able to be assessed by
3D and four-dimensional (4D) sonography. 3 Modern
imaging techniques allow the definition of in vivo anatomy
including visualization of the embryonic circulation
and dynamic feature, which could not be characterized
in fixed specimens.4 The anatomy and physiology of
embryonic development is a field where medicine exerts
greatest impact on early pregnancy at present, and it
opens fascinating aspects of embryonic differentiation.
Recent development of 3D/4D sonography has revealed
structural and functional early human development
in utero.3-6 Three/four-dimensional sonography moved
prenatal diagnosis of fetal anomalies from the second to
the first trimester of pregnancy.7
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Three-dimensional Ultrasound, HDlive
and HDlive Silhouette Ultrasound
Three-dimensional transducers take several hundreds or
thousands of two-dimensional (2D) ultrasound images
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over a short (30–40°) arc. These images are then transferred
to a computer that integrates them into a single image.
The first generation of 3D ultrasound lacked the capability
to reconstruct images rapidly and with high resolution.
These limitations could explain why the method was not
very popular initially.8 With current clinically available
equipment, 3D sonographic reconstruction is fast, with
high resolution, giving ultrasound the ability to image
in real time. Also, 3D ultrasound allows volume data
to be stored and manipulated long after the patient has
left the examination room. Storage of a single volume of
data is easy and quick, yet the stored volume permits
interpretation of the scanned region in multiple planes.8
Both 3D and 4D ultrasound have improved our
knowledge regarding the development of the embryo
and fetus and of a great number of fetal anomalies.8
The great achievement in the field of 3D/4D ultrasound
is HDlive technology. This technology is a novel
ultrasound technique that improves the 3D/4D images.
HDlive ultrasound has resulted in remarkable progress
in visualization of early embryos and fetuses and in the
development of sonoembryology.9 With HDlive ultra
sound, both structural and functional developments can
be assessed from early pregnancy more objectively and
reliably and indeed, those new technologies have moved
embryology from postmortem studies to the in vivo
environment.8 HDlive uses an adjustable light source and
software that calculates the propagation of light through
surface structures in relation to the light direction.10 The
virtual light source produces selective illumination, and
the respective shadows are created by the structures
where the light is reflected. This combination of light
and shadows increases depth perception and produces
remarkable images that are more natural than those
obtained with classic 3D ultrasound. The virtual light
can be placed in the front, back, or lateral sides, where
viewing is desired until the best image is achieved. A
great advantage is that the soft can be applied to all
images stored in the machine’s memory.9 In obstetrical
ultrasound, HDlive could be used during all three
trimesters of pregnancy. There have been several reports
on HDlive demonstration of fetal surface.9,11-13 Threedimensional HDlive further ‘humanizes’ the fetus,
enables detailed observation of the fetal face in the first
trimester, and reveals that a small fetus is not a fetus but
a ‘person’ from the first trimester.13
Recent advanced 3D technology has produced exciting
new applications of HDlive silhouette and HDlive flow,
released at the end of 2014. The algorithm of HDlive
silhouette creates a gradient at organ boundaries, fluid
filled cavity and vessel walls, where an abrupt change
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of the acoustic impedance exists within tissues.14-16 By
HDlive silhouette mode, an inner cystic structure with
fluid collection can be depicted through the outer surface
structure of the body and it can be appropriately named
as ‘see-through fashion’.14,16 The examiner can adjust
HDlive silhouette percentage with controlling threshold
and gain simultaneously for visualizing target organs
of interest.

Normal Morphology detected by
3D Ultrasound
During the early embryonic period, the central nervous
system anatomy rapidly changes in appearance. Threedimensional sonography using transvaginal sonography
with high-resolution probes allows imaging of early
structures in the embryonic brain. Embryonic brain (Fig. 1)
contains three parts: forebrain (prosencephalon), midbrain
(mesencephalon), and hindbrain (rhombencephalon). The
forebrain (prosencephalon) includes the telencephalon
containing cerebral hemispheres and diencephalon
containing thalamus, hypothalamus, epithalamus,
and subthalamus. The midbrain (mesencephalon) is
the most rostral part of the brainstem, and locates
above the pons, and adjoins rostrally to the thalamus.
The hindbrain (rhombencephalon) is the posterior
part of the three primary divisions, which includes
metencephalon containing pons and cerebellum and
myelencephalon containing medulla oblongata. In 1998,
Blaas et al17 sensationally demonstrated early human

Fig. 1: Schematic picture of embryonal brain. The forebrain
(prosencephalon) includes the telencephalon containing
cerebral hemispheres and diencephalon containing thalamus,
hypothalamus, epithalamus and subthalamus. The midbrain
(mesencephalon) is the most rostral part of the brainstem, and
located above the pons, and adjoined rostrally to the thalamus.
The hindbrain (rhombencephalon) is the posterior part of the three
primary divisions includes metencephalon containing pons and
cerebellum and myelencephalon containing medulla oblongata
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brain vesicles in different colors and measured their
volumes by 3D scanning embryos ranged between 9.3
and 39 mm, and performed post-processing procedure.
Thereafter, embryonic brain structure was demonstrated
by advancing 3D technology of inversion-rendering
mode,18,19 and sonoembryology has become more
sophisticated and objective. Advancing imaging tech
niques allow the definition of in vivo anatomy including
visualization of the embryonic features that could not be
characterized in fixed specimens.20 Three-dimensional
images of embryos were generated using the highfrequency transvaginal transducer (Voluson® E8 with
6–12 MHz/256 element 3D/4D transvaginal transducer,
GE Healthcare, Milwaukee, USA). Transvaginal approach
combined with high-frequency of 12 MHz with a
harmonic phase inversion method can provide us images
with high quality and high resolution demonstrating
detailed embryonal structures, especially brain vesicles.

Figure 2 shows 3D thick-slice and tomographic ultrasound
image (TUI) demonstrating brain vesicles at 8 weeks. By
using the most up-to-date technology of HDlive and its
silhouette, outer surface as well as inner brain changing
structure is clearly depicted from crown-rump length
(CRL)—19.3 mm embryo to 23.9 mm fetus in the lateral
view (Figs 3 and 4). Figure 5 shows frontal HDlive
silhouette view demonstrating changing appearance of
brain vesicles from CRL—22.3 mm embryo to 23.9 mm
fetus. Inner cystic structure of the face is the eyeball.
Figure 6 shows the surface HDlive image of fetal face and
inner silhouette image of lens and vitreous body within
outer surface of the fetal face.
The utilization of post-processing algorithms, such
as maximum mode, can be used to demonstrate the
fetal skeleton. Chaoui et al21 reported clear 3D images
for the identification of an abnormally wide metopic
suture in the second trimester of pregnancy. However,

Fig. 2: Eight-week normal brain. Left: Three-dimensional reconstructed image of brain cavity. Forebrain, midbrain and hindbrain are
well demonstrated. Right: Images from tomographic ultrasound. Axial images (upper) and sagittal images (lower) of brain cavity

Fig. 3: Embryo to fetus by HDlive imaging. Left: Embryo with
crown-rump length (CRL) 19.3 mm compatible to 8th gestational
week. Right: Fetus with CRL 23.9 mm compatible to 9th gestational
week. Remarkable development is clearly seen

Fig. 4: Early brain development by HDlive silhouette mode.
Left: Embryo with crown-rump length (CRL) 19.3 mm compatible to
8th gestational week. Right: Fetus with CRL 23.9 mm compatible
to 9th gestational week. The development of three primary brain
divisions of forebrain, midbrain and hindbrain is well demonstrated
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Fig. 5: Frontal view of brain development by HDlive silhouette mode. Left: Fetus with crown-rump length (CRL) 22.3 mm. Bilateral
telencephalon (forebrain) and midbrain are well demonstrated. Right: Frontal-oblique view. Rapid development of early brain is
comprehensively depicted

Fig. 6: Eye of 13-week fetus with HDlive silhouette mode. Left:
HDlive image of fetal face. Right: Same image with HDlive
silhouette mode as the left. Lens (arrow) and vitreous body
(arrowhead) are well demonstrated with facial surface

Fig. 7: Cranial bones of 13-week fetus with HDlive silhouette mode.
Left: HDlive image of fetal head. Frontal bone and parietal bone are
demonstrated through thin skin. Right: Same image with HDlive
silhouette mode as the left. Cranial bones (frontal bone, parietal
bone and occipital bone) and facial bones are extracted

HDlive silhouette algorithm creates a gradient at organ
boundaries, where an abrupt change of the acoustic
impedance exists within tissues. Therefore, silhouette
mode can depict not only cystic structure but also
hyperechoic structure, such as bones.15 Figure 7 shows
HDlive image of fetal head and HDlive silhouette
extracting frontal, parietal and occipital bones from the
same volume dataset. The skeletal demonstration by
silhouette mode shows posteroanterior view of small
fetus in the first trimester, extracting fetal vertebrae and
ribs as shown in Figure 8.
Fig. 8: Vertebrae and ribs of 12-week fetus with HDlive silhouette
mode. Left: HDlive image of fetal back. Middle and right: Same
images with HDlive silhouette as the left. Skeletal structure is
emphasized by silhouette mode

rapid ossification of the craniofacial bones occurs
during the first trimester of pregnancy. As described,
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Normal Fetal Vascularity detected by
3D Ultrasound
The development of the embryonic circulation became
visualized by 3D power Doppler imaging technology.3
In 1993 and 1994, color Doppler detection and assessment
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Fig. 9: Intracorporeal hemodynamic structure by HDlive silhouette and flow imaging at 8 and 13 weeks of gestation. Left: 8 weeks.
Premature vascular structure is demonstrated with fetal body surface by silhouette mode. Right: 13 weeks. Thoracoabdominal vascular
structure demonstrated by HDlive flow imaging. Pulmonary arteries and veins (arrowhead) are well demonstrated (DV: Ductus venosus;
IVC: Inferior vena cava; Umb. V: Umbilical vein; Umb. A: Umbilical artery)

Fig. 11: Normal cardiac hemodynamic imaging by HDlive silhouette
and flow at 12 weeks of gestation. Left: Intracardiac angiostructure.
Flows of right and left heart are visible. Right: Crossing of great
arteries is well demonstrated
Fig. 10: Cervicocranial vascular hemodynamic structure at
13 weeks of gestation (ACA: Anterior cerebral artery; MCA: Middle
cerebral artery; ICA: Internal carotid artery)

Fig. 12: Abnormal midbrain cavity at 10 weeks of gestation. Left: 3D
HDlive image of the fetus. Note the prominent top of the fetal head
(arrowhead) due to abnormal midbrain. Right: HDlive silhouette
image of the fetal head. Abnormal prominent midbrain (arrowheads)
is depicted between forebrain and hindbrain

of brain vessels in the early fetus using a transvaginal
approach was reported.22,23 Clear visualization by transvaginal power Doppler of the common carotid arteries,

internal and external carotid arteries, middle cerebral
arteries at 12 weeks of gestation was reported in 1996.24
By using advanced technology of HDlive flow combined
with HDlive silhouette, fetal intracorporeal hemodynamic structure can be demonstrated from early embryo
(Fig. 9), and comprehensive cervicocranial vascular hemodynamic structure with internal carotid artery, anterior
and middle cerebral arteries are well demonstrated in
the first trimester as shown in Figure 10. Intracardiac
vascular structure is also well demonstrated in Figure 11,
showing dynamic flows in each right and left heart and
crossing of the great arteries.

Abnormal Morphology and Vascularity detected
by 3D Ultrasound
Close observation of small embryos and fetuses by
advanced 3D technology up to 14 weeks of gestation
allows us to make diagnoses of various abnormalities.
As show n i n Fig ure 12, m idbrai n abnormalit y
can be detected as early as 10 weeks of gestation.
Figure 13 shows Meckel-Gruber syndrome detected at
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Fig. 13: Meckel-Gruber syndrome (MGS) at 12 weeks of gestation. Left: HDlive image of fetus. Exencephaly is demonstrated.
Middle: Two-dimensional sonographic image of fetal kidneys. Multiple cysts are visualized (arrowheads) in bilateral kidneys. Right:
Polydactyly (arrowhead) is demonstrated by HDlive mode. Meckel-Gruber syndrome is autosomal recessive genetic syndrome.
Therefore, its incidence is 1 out of 4 in the next pregnancy

Fig. 15: Holoprosencephaly. Alober type (left) at 11 weeks and
semilober type (right) at 14 weeks by HDlive imaging

Fig. 14: Holoprosencephaly (semilober type) at 13 weeks of ges
tation. Tomographic ultrasound image shows fused choroid plexus
(arrowheads) in fused lateral ventricle

Fig. 17: Omphalocele in cases of trisomy 18 (left) and limb body
wall complex (right) at 12 to 13 weeks of gestation. Note the con
tents of ectopic organs, such as liver and bowel (right), are well
demonstrated by HDlive imaging

Fig. 16: Holoprosencephaly. Alober type (left) and semilober
type (right) at 14 weeks by HDlive silhouette mode

12 weeks of gestation. Holoprosencephaly is one of
detectable congenital anomalies in the first trimester
by demonstrating its characteristic features of fused
ventricle or a single ventricle, fused choroid plexus
and associated various facial anomalies. Figures 14
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to 16 demonstrate holoprosencephaly by various 3D
imagings of parallel slicing of TUI, HDlive, and HDlive
silhouette. Omphalocele is associated with structural
malformations and chromosomal abnormalities in 4525,26
and 35%27 of fetuses respectively, and 3D demonstration
of omphalocele was published in 2002.28 Advanced 3D
HDlive demonstrates the contents of ectopic abdominal
organs by creating shadows as shown in Figure 17.
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Fig. 18: Myelomeningocele at 12 weeks of gestation. Upper left:
HDlive image of fetal back. Upper right: Lateral view. Arrows
indicate protrusion of myelomeningocele. Lower: Sagittal section
image by two-dimensional sonography. Ectopic spinal cord from
spinal canal is well demonstrated (arrowheads)

Spina bifida and myelomeningocele can be demonstrated
by 2D/3D ultrasound in the first trimester as shown
in Figure 18. However, it is not always possible to
demonstrate fetal back as in Figure 18. For early screening
of spina bifida, intracranial translucency (IT) (Fig. 19)

indicating the 4th ventricle was proposed as an ultrasound
marker for spina bifida in the first trimester by Chaoui
et al.29 Thereafter, several articles have been published on
IT and spina bifida.30,31 It is well known that low-set ear is
often associated with various genetic abnormalities and/
or congenital anomalies. However, a few articles13,32 have
been published on fetal low-set ear in the first trimester.
The normal external ear position is on the imaginary line
between eye slant and occiput even in the first trimester
as shown in Figure 20 (left) but low-set ear (Fig. 20:
right) located below the imaginary line is occasionally
observed, with strong association with congenital genetic
aberrations.13,32 Micrognathia can be detected as an
isolated structural anomaly, as one of the features of a
chromosomal abnormality, or a syndrome.33 Assessment
of the facial features, chin development and mandibular
size by 3D ultrasound in the second and third trimesters
has been reported.34 Micrognathia is usually associated
with low-set ear as shown in Figure 21 (left: however,
not associated with low-set ear in the specific situation
(Fig. 21: right). Cleft lip and palate is usually demonstrated
and diagnosed in the second and third trimesters. However,
recent advances of the transvaginal 3D ultrasound have
provided accurate and informative diagnostic images of
cleft lip (Fig. 23). Furthermore, the palate is still created
during pregnancy but 3D reconstructed image can
demonstrate cleft palate shown in Figure 22. Up-to-date
TUI can provide the precise demonstration of palate
shown in Figure 23 and the possibility of early diagnosis
of cleft palate. Eye abnormalities, such as exophthalmos
(Fig. 24: left) or microphthalmos (Fig. 24: right), are often
observed with strong association of holoprosencephaly.

Fig. 19: Midsagittal section of normal fetus (left) and a case of spina bifida (right). Nuchal translucency and intracranial translucency (IT)
are visible. In a case of spina bifida, IT disappears due to Chiari type II malformation. Disappearance of IT is useful for screening of spina
bifida (NB: Nasal bone; Ma: Maxilla; T: Thalamus; M: Midbrain; MO: Medulla oblongata; NT: Nuchal translucency; IVth V: Fourth ventricle)
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Fig. 20: Normal external ear position (left) and low-set ear (right).
Normally, the external ear is located on the imaginary line between
eye slant and occiput. Low-set ear is seen in cases of various
chromosomal and/or genetic aberration

Fig. 21: Micrognathia with low-set ear (left) and micrognathia with
normal ear position (right) at 12 weeks of gestation. Left: A case
of trisomy 18. Micrognathia is often associated with low-set ear
because of abnormal development of branchial arch. Right: A
case of Pierre Robin syndrome associated with micrognathia but
normal external ear position

Fig. 22: Two cases of cleft lip associated with
holoprosencephaly at 12 weeks of gestation

Fig. 23: Cleft lip/palate associated with holoprosencephaly at
12 weeks of gestation. Left: Three-dimensional HDlive image of
fetal face. Cleft lip is clearly demonstrated. Right: Tomographic
ultrasound image. Outer surface opening of cleft lip and inner
structure of cleft palate (arrows) are well demonstrated

Fig. 24: Exophthalmos (left) and microphthalmia (right) in cases
of trisomy 13 at 12 weeks

Limb abnormalities can occur as isolated findings or
as one component of a syndrome or sequence. However,
only 5% of congenital hand anomalies occur as part of
a recognized syndrome.35 Overlapping fingers, wrist
contracture (Fig. 25) and forearm deformities are often
associated with a chromosomal abnormality, such as
trisomy 18. Most skeletal anomalies are recognizable
in the second trimester. However, several reports on
congenital skeletal abnormalities (such as sirenomelia and
others) in the first trimester have been documented.36-40
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Fig. 25: Wrist contracture seen in cases of trisomy 18 at 12 weeks
of gestation. Mild wrist contracture is a specific feature often seen
in cases of trisomy 18

Finger abnormalities, such as polydactyly, oligodactyly
and syndactyly, are detectable from the late first trimester
with high-resolution by advanced 3D imaging as shown
in Figures 26 and 27.
Amniotic membranes can be demonstrated by 3D
ultrasound as shown in Figure 3 but membranes fixed
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Fig. 26: Finger abnormalities at 12 weeks of gestation. Left: 3rd oligodactyly and syndactyly of 4th and
5th fingers are demonstrated. Right: Amputation of fingers

Fig. 28: Amniotic band syndrome at 12 weeks of gestation. Arrows
indicate amniotic membranes covering the fetus. In this case, finger
amputation, constriction ring and cleft lip are complicated

Fig. 27: Polydactyly seen in a case of trisomy 13 at 12 weeks of
gestation. Left: HDlive images. Right: Skeletal images of fingers/
toes by maximum mode

on the fetal body depicted by HDlive imaging (Fig. 28) is
helpful to suspect the existence of amniotic band syndrome
and lead further investigation of fetal surface abnormalities.
HDlive flow imaging demonstrates vascular abnor
malities, such as excessive coiling cord (Fig. 29) and
absent ductus venosus flow (Fig. 30), observed in a case of
45, X. Thus, HDlive flow combined with silhouette mode
demonstrates the accurate location of vascularity inside
organs. Simultaneous visualization of both structure
and vascularity is quite comprehensive, and may add
further clinical information of normal and abnormal
vascularizations.14-16

Conclusion
Novel imaging techniques of high-resolution transvaginal
3D sonography are illustrated in the definition of normal

Fig. 29: Excessive coiling cord at 12 weeks of gestation. Left:
HDlive images of fetus and cord. Right: HDlive flow images of
excessive coiling cord. Note the high-pitch of coils. Both cases
died in utero several days later

embryonic anatomy as well as in the identification of
many of congenital anomalies. Prenatal ultrasound has
established sonoembryology and neurosonology, and
advanced HDlive, HDlive silhouette and flow imaging
added further clinical significance to conventional
3D/4D imaging in those fields. They allow extending the
detection of anatomical congenital anomalies to an earlier
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Fig. 30: Absent ductus venosus at 11 weeks of gestation seen in a case of 45, X. Left: Two-dimensional bidirectional power Doppler
image. Right: Three-dimensional HDlive flow image. Arrows indicate the original location of ductus venosus. Absent ductus venosus
is occasionally seen in cases of Turner syndrome

gestational age, and it is beyond description that noninvasive viewing of the embryo/fetus by all—inclusive
ultrasound technology is definitely the first modality in
a field of prenatal diagnosis and help our goal of proper
perinatal care and management.
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