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ABSTRACT

The use of three-dimensional/four-dimensional (3D/4D) 
ultrasound has become 'universalʼ in the increasingly precise 
diagnosis of fetal malformations. The introduction of new 
ultrasound modes, such as the HDlive or the Radiance 
System Architecture (RSA), which improve even more the 
quality of images, makes it easier to examine normal embryos 
and fetuses with incredible perfection and achieve diagnosis 
of malformations, increasingly complex and of high clinical 
importance. 
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INTRODUCTION

In recent years, the three-dimensional (3D)/four-
dimensional (4D) ultrasound has reached a worldwide 
spread in all of the obstetrics and gynecology fields, 
and nowadays it takes part of all obstetric-gynecologic 
diagnostic areas that aim to be comprehended, as it is 
seen in the current issue of this Donald School Journal 
of Ultrasound in Obstetrics and Gynecology (DSJUOG). 
The existing world literature on this subject is so vast 
that, in our view, a new review is meaningless unless, 
as we intend, it brings something to improve the image 
quality to make the diagnosis easier. 

The image quality only improved dramatically when 
we began to use higher sound frequencies and, more 
recently for the fact of having applied the most modern 
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ultrasound, such as the 3D/4D and their modes (STIC: 
spatial temporal image correlation; AVC: Automatic 
volume calculation; VOCAL: Virtual organ computer-
aided analysis and the inverse mode), more recently the 
HDlive and Radiance System Architecture (RSA). In 
this chapter, we are going to show normal images and 
curious cases of malformations that have been observed 
recently with the use of 3D/4D, HDlive and RAS. They  
can demonstrate that these new technologies are  
really useful.

Referring to the 3D/4D bibliography, we have only 
showed quotations by some authors; among us, the most 
published ones in this field.1-32 Concerning the HDlive in 
obstetrics, the literature, even being poor,33-61 is enough 
to show that in fact the HDlive improves the quality 
of the images55 whose beauty56,59 and sharpness are 
superior to the 3D/4D sonographic ones. These reviews 
in early and advanced pregnancies include both normal 
and pathological features,33-35,39,40,60 images on the fetal 
development and behavior,47 isolated cases of singleton38,41 
or normal twin pregnancies,50 facial expressions48,49,54 
morphological studies of the heart,48,49,54 and sight of 
the uvula.61 Moreover, some specific pathology, such 
as hygroma colli,36,42 sirenomelia37 without skulls/
exencephaly,43 meconium peritonitis,51 twin reversed 
arterial perfusion (TRAP) sequence,53 Turner syndrome57 
or placental abnormalities, such as circumvallate 
placenta52 or thrombosed placental varicose vein.44 
Concerning the RSA, there is only a mention, with a small 
picture, in the case of circumvallate placenta recently 
described by AboEllail et al.52

NORMAL HDLIvE IMAGE

We started presenting isolated images of normal 
pregnancies, which were examined with HDlive, and 
compared with conventional 3D, in order to show the 
high quality of the obtained images (Figs 1 to 3). If the 
use of 3D has already been a noticeable improvement, this 
new technology, which is easily applicable, is exceptional 
(Figs 1 to 3).

PATHOLOGICAL IMAGES USING 3D/4D 
ULTRASOUND AND HDLIvE

We will introduce some other examples of isolated 
malformations of the first and second quarters, which 
were studied with 3D/4D ultrasound and HDlive.

10.5005/jp-journals-10009-1424
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Double Yolk Sac

Now we show a 6-week tomographic gestation image of 
a double yolk sac in AVC, which can be clearly seen in 

red and blue. The HDlive allows us to see the embryo 
anchored to the endometrium, with the amniotic sac and 
the pathological vesicle (Fig. 4).

Hygroma Colli

We show a very typical case at 12 weeks of gestation with 
2D, 3D surface and cutting the cephalic pole through 
a ventricle and the lateral plexuses, and HDlive with 
maximum brightness. The HDlive image is extremely 
beautiful, the whole hygroma colli is observed, and 
the most interesting is how it contains in its interior in 
addition to an accumulation of fluid, small partitions. 
These partitions follow the 45 XO karyotypes almost in 
a pathognomonic way (Fig. 5). 

Anencephaly/Exencephaly/Acrania

This group of malformations has common origin which 
is the lack or incomplete development of the fetal scalp. 
Initially, there is a lack of bone development of frontal, 
temporal and occipital bones, generally the occipital, 
although it can affect even more skull bones.

In the early stages, the meningeal membranes are 
preserved, but they usually break in contact with the 
amniotic fluid. The encephalic mass come into direct 
contact with the liquid, and expands and dilates outside 
the cephalic pole (exencephaly). Then, an abacterial 
encephalitis occurs with atrophy of the brain mass 
and change into an acrania. Precisely saying about this 
natural evolution, most of the acrania cases are diagnosed 

Fig. 1: Above, a 9-week pregnancy HDlive shows the embryo 
profile with the virtual light source from the left. We show the whole 
embryo and the yolk sac from behind, with maximum luminescence. 
Besides the very pretty image of the embryo, we can see all the 
amnion and extraembryonic mesenchyme, which as you know, is 
not a fluid accumulation, but a mesenchyme with fibrillar part which 
is clearly seen in the picture. Below, a 14-week gestation, where 
there is a comparison between the fetal silhouette with lower (on 
the left) and higher brightness (on the right). The virtual light focus 
direction is from the left side of the fetus

Fig. 3: Variable locations of virtual light source were used to take, 
with an HDlive, for 36-week facial profiles of the same fetus. The 
expressions obtained are incredibly beautiful

Fig. 2: A complete 13-week gestation that is shown to compare 
the 3D (up and on the left) with the HDlive, using different light 
intensities and locations of the virtual light source (yellow circles). 
The anatomical details, which have been obtained in both the fetus 
in the amnion and the extracoelomic mesenchyme, are impressive
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during the pregnancy period, except for the exencephaly 
cases and even fewer anencephaly ones (Figs 6 and 7).

Encephalocele (Cranium Bifidum)

It is a very rare congenital malformation, in which a diver-
ticulum of the brain tissue, and the meninges protrude 
through defects in the cranial vault. It is derived from a 
failure of the closing of neural tube during embryonic 
development that takes place during the 4th week of ges-
tation. Although its origin is not precisely known, it has 
been associated with a maternal deficiency in the levels 
of folic acid during pregnancy as well as consequence 
of a trauma.

The brain and its coating stay outside the cranial pole, 
forming a protrusion, generally in occipital but also in the 

frontal or sincipital region. If only the ventricle protrudes, 
we call it as hydroencephalocele. If the meninges also 
protrude, we call it as meningohydroencephalocele. The 
tumor, almost permanently, is located in the occipital 
bone, from where part of the brain mass outputs (Fig. 8).

EXTROPHY

The abdominal wall defects are shown in Table 1. The 
most common defects are the omphalocele (Fig. 9) and 
gastroschisis (Fig. 10). 

Omphalocele

The omphalocele is caused by a closing defect of the two 
lateral valves. The defect is covered by an amnion mem-
brane, similar to the amnios from where the intestinal 
loops and/or liver go out. This anomaly almost always 
accompanies trisomy 18.

Gastroschisis

The gastoschisis, however, is an authentic abdominal wall 
defect, appearing on the left of the umbilicus, generally 
small, not bigger than 1 cm, and produced by the atresia 
of one of the umbilical arteries. From the beginning of 
the intestinal peristalsis, around 14th week, the exit of 
the intestinal loops to the outside can be produced. They 
swim freely in the amniotic fluid. Only few exceptionally 
accompany chromosomopathy (Fig. 10).

Fig. 4: Six-week gestational image in orthogonal planes with 
TUI, AVC and HDlive, clearly shows two yolk sacs

Fig. 5: Hygroma colli. Notice the easy perfect profile in HDlive. In 
yellow arrows, we have set the thin walls that mold in the magma 
of hygroma

Fig. 6: Comparative study of anencephaly/exencephaly. Two-
dimensional orthogonal planes (above and on the left), 3D (above 
and on the right), and HDlive (the two photos below) of a 14-week 
fetus diagnosed with exencephaly are shown. The definitive 
diagnosis is obtained in the pathology of the fetal cranial pole. We 
can see the HDlive image with the ‘shadows and the chiaroscuros’, 
which is infinitely superior to 2D/3D ultrasound
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quinidine, warfarin, thalidomide, infectious agents, such 
as influenza infection, and even vitamin A deficiency, 
although generally is considered as multicausal (Fig. 11).

Prune Belly Syndrome

It is a rare congenital urologic obstructive alteration with 
a megacystic bladder and visible deformity of the abdomi-
nal wall. The sonographic characteristic triad includes: 
(1) anterior abdominal wall distention with deficiency or 
absence of abdominal wall musculature, (2) megacystis 
and (3) pulmonary hypoplasia.

Fig. 7: Radiance System Architecture image of an acrania case. The yellow arrows show 2D orthogonal planes (on the left) and 3D 
radiance view of the cranial bone defect. This new technology that defines the edges very well, allows us to see the defect clearly

Fig. 8: Encephalocele (arrows). The image using 2D/3D ultrasound shows the occipital tumor

Table 1: Malformations of the abdominal wall

• Omphaloceles
• Gastroschisis
• Pentalogy of cantrell
• Extrophies
• Vesical
• Cloacal 
• Ectopia cordis
• Limb-body wall complex
• Body stalk complex

Pentalogy of Cantrell

The characteristics of pentalogy of Cantrell are shown 
in Table 2.

The frequency of the disease (2 in 1,716) is low in 
autopsies with a reported prevalence of 0.079 per 10,000 
live births. The etiology is unknown, but it has been 
associated with chromosomopathies, such as Turner 
syndrome and trisomy 18, the teratogen exposure, such as 

Table 2: Characteristics of pentalogy of Cantrell

• Defect of the supraumbilical abdominal midline
• Defect of the lower sternum
• Defect of the anterior portion of the diaphragm
• Defect of the diaphragmatic pericardium and 
• Intracardiac congenital malformations
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Typical Prune Belly syndrome has been considered 
secondary to connective tissue and smooth muscle 
abnormalities, which cause bladder distention, and result 
in oligohydramnios. The major features are dilatation 
of the fetal urinary bladder and proximal urethra 
with thickening of the bladder wall. The bladder wall 
hypertrophy is the result of the intravesical pressure 
generated secondary to obstruction. The urinary bladder 
fills the pelvis and the abdomen, and does not empty more 
often. The ureters are usually dilated, and hydronephrosis 
of variable degrees may be present. A keyhole sign, which 
is a dilated prostatic urethra, frequently with distention of 

the prostatic utricle (utriculus prostaticus) and thickening 
of the bladder neck, is present (Fig. 12).

Persistent Urachus with Bladder Prolapse 
Bladder Extrophy variety 

It is a rare abnormality that occurs in 1/100,000 new-
borns. Urachal anomalies occur due to the failure of 
obliteration, resulting in different pathologies, such as its 
persistence, cysts, sinus or bladder-urachal diverticula. 
The ultrasound most common feature is the presence of 
a cystic mass located at the base of the umbilical cord, 
communicating with the bladder and flanked by the 
umbilical arteries (Fig. 13). The use of the SonoAVC, 
allows us to identify and quantify hypoechoic areas, 
evaluating their absolute dimensions, average diameter 
and volume (Fig. 13).

PYELOCALYCEAL ECTASIA

Of all the urinary anomalies, the dilations are the most 
common, and can affect the pelvis, calices, ureters and 
bladder. To carry out an evaluation, it is required to take 
into account:
• Intensity of dilation level: The larger, the more likely 

to be associated with an obstructive process, but the 
dilation is not synonymous to obstruction.

• Dilation: Unilaterality or bilaterality.
• Characteristics of the renal parenchyma: The presence of 

a renal dysplasia is associated with poor prognosis.
• Fetal renal function: It is estimated by analyzing the 

volume of the amniotic fluid and the analytical 
study of the fetal urine. The appearance of an oligo-
hydramnios or the presence of fetal hypertonic urine 
indicates kidney malfunction.
The use of 3D/4D ultrasound and their different modes 

is very useful in the study of internal organic malformations. 
Figure 14 shows a 30-week fetal kidney studied in 2D, Vocal 
and HDlive, presenting a remarkable pelvic dilatation.

Fig. 9: Omphalocele examined on the 16th week, using a 2D glass-
body rendering with an angiography (on the left), HDlive (on the 
right and above) and 3D ultrasound (on the right and below). We 
can clearly notice the tumor in the abdominal wall, and how the 
vessels penetrate its interior because the liver occupies the tumor

Fig. 10: The image shows a 16-week precocious case of gastroschisis (yellow arrows) seen with 3D ultrasound
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Fig. 11: Pentalogy of Cantrell in 3D ultrasound (above) and 3D 
Doppler angiography (below right). We can observe the cordis 
exstrophy, the gastroschisis with liver and intestines protrude due 
to defect in the diaphragm and abdominal wall, but sternal injury 
is not shown

Fig. 12: Two-dimensional AVC (above on the left) and HDlive of 
a typical case of Prune Belly syndrome. The bladder distention is 
clearly observed

RADIANCE SYSTEM ARCHITECTURE OR 
SILHOUETTE HDLIvE

In the literature, there are only a small number of refe-
rences to this new mode, which has been recently intro-
duced in the Voluson E10 (General Electric Healthcare, 
Zief, Austria), in a case of circumvallate placenta,52 a 
right aortic arch with an aberrant left subclavian artery,62 
a jejunal atresia63 and an outstanding review of normal 
embryo and fetuses.64 We provide a series of the first- 
and second-trimester normal pregnancy images. So, the  
readers can have an idea of diagnostic possibilities, which 
at first sight, seem to revolutionize the results (Figs 15 to 20).

Fig. 13: Comparative images in 2D, 3D, Doppler and inversion 
mode. The 3D image (above on the left) shows the tumor. 
The 2D image (below on the left) shows the tumor and how it 
communicates with the bladder (AVC). The inverse mode (above 
on the right) indicates clearly that these are two communicating 
cysts. The Doppler shows the vessels around the bladder and of 
the cyst moving toward the umbilical cord. SonoAVC image and 
correlation with the birth anomaly found the tumor in the base 
of the umbilical cord. We can see the vesical prolapse, and its 
mucosa going outside

Fig. 14: Pyelocalyceal dilation studied with 2D sonography, 
SonoAVC (on the left), and with HDlive (on the right)
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COMMENTS

Despite the remarkable improvement in the image quality 
that involves the introduction of these new technologies 
shown in this article, they do not invalidate the entire 
‘prenatal diagnosis level I and II’ of 13 to 14 and 18 to 
24 weeks, which will keep on being held by the 2D 
ultrasound. What these new applications show are the 
fantastic advance in image quality which supposed, 
on one hand, the introduction of 3D/4D ultrasound, 
and on the other hand, more recently, the new HDlive 

and ‘radiance’ modes. We think that the latter two 
technologies should be used in clinical practice, and 

Fig. 15: Nine-week gestation with four images with lower and higher 
‘brightness’. Observe the perfect definition of contours of the fetus, 
the amnion, the yolk sac and the gestational sac. We are standing 
in front of a new sonographic view of the gestation

Fig. 16: We can see ‘radiance’ (above), and HDlive (below) pictures 
of a normal 10-week gestation. It is really amazing the obtained 
definition of the fetal image. We can clearly observe the delimitation 
of the hands, cord and physiologic herniation

Fig. 17: Normal fetal images in 2D orthogonal planes and ‘radiance’ 
with less and more ‘brightness’ at 10 weeks of gestation. We can 
see all its external and internal structures

Fig. 18: Compare the HDlive (left) and the ‘radiance’ (right) fetal 
images at 22 weeks of gestation. The most striking aspect is the 
perfect delimitation of all the structures, such as the umbilical cord

Fig. 19: Two faces of the same 24-week fetus with less (left, 
HDlive) and more luminous ‘brightness’ (right, RAS). Highlight for 
the perfect delimitation of its structures is evident
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that they can be arranged in those hospitals with the 
facilities of specialized ‘prenatal diagnosis’ units. The 
3D/4D ultrasound has already been practically a routine, 
but not the last two we highlighted and that we think, 
are going to be essential in the very near future. Any 
high-level hospital (Level III—Spanish) has obstetrics of 
such prenatal diagnosis units, therefore, they must adapt.

We focus this work just to show these advances, 
instead of trying to make a new ‘descriptive summary’ 
of existing malformations, and they can be seen with 
3D/4D ultrasound. The reason is that it is sufficient to 
observe the reduced bibliography we have brought (a 
small sample of the existing one), that we have studied 
only three authors who have worked hard in this area 
(Hata, Kurjak, and our group) to show the readers that it 
is not more accurate and descriptive work malformations, 
that this is the right direction to follow.
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