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Abstract Current technology and rapidly evolving Three-

dimensional (3D) and Four-dimensional (4D) ultrasound

techniques with advanced High Definition live (HD live)

application has made Fetal medicine accomplishable. The

introduction of high-frequency probes and evolution from

hand swept slice acquisition to mechanically oscillating to

electronically oscillating transducers with complex post-

processing algorithms has led to the visualization of 3D

view or real-time 3D view (4D) of fetal structures. In this

review, we present a rare antenatal case of duplication of

the gall bladder, highlight the utility of 3D/4D imaging and

HD live Silhouette aiding in better understanding

anatomical relationships, diagnosis, and implication in

counseling.
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Introduction

Fetal ultrasound plays a vital role in the early detection of

various anomalies in the late first and in the second tri-

mester. In this era of rapidly evolving technology, there are

many significant of advances in fetal medicine with

improved diagnostic accuracy, leading to a positive impact

on patient care. The novel technology of 3D ultrasound

with volume acquisitions and introduction of HDlive Sil-

houette rendering has been a non-invasive problem-solving

tool in detecting anomalies even at early stages and offers a

virtual view of fetal structures which can be used to

counsel the patients. In this review, we discuss 3D ultra-

sound imaging and newly developed rendering application

HDlive Silhouette. Furthermore, we present and discuss a

review of literature about a rare prenatal case of Gall

bladder duplication in the 24th week of gestational age

with fetal MRI correlation highlighting the role of 3D

Ultrasound and HDlive Silhouette in diagnosis, counseling

and its clinical impact. This technique has been employed

for the first time in this condition and is extremely precise.

Discussion

3D Ultrasound Imaging, HDlive AND HDlive

Silhouette

Over the last few decades, there have been significant

technical improvements in 3D imaging with better volume

acquisitions of fetal structures. 3D imaging is a three-di-

mensional view of structures that are acquired from two-

dimensional data sets and volume acquisitions. Baba et al.

first described 3D ultrasound imaging in 1989 using a

mechanical 2D probe which was time-consuming [1]. A

year later National Cheng Kung University, Taiwan

demonstrated its first clinical utility on fetal face and spine

using a convex volumetric probe [2]. This led to significant

interest in its utilization in the assessment of various fetal

anomalies and its rapid development worldwide.

The main principle behind 3D ultrasound images is the

volume (voxel) acquisition by the movement of integrated

transducers to acquire a series of slices at different orien-

tations. First 2D greyscale data sets at any orientation are

acquired which are combined by the computer program to
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form a 3D image based on distance and angulation of

ultrasound beams in 2D which can be stored and retro-

spectively viewed as required [3, 4]. There has been sig-

nificant development in transducers starting from

mechanical scanners to the present electronically oscillat-

ing transducers, improving assessment of complex

anatomical structures along with surface and volume ren-

dering. There has been evidence that visualization of the

3D virtual images of a fetus by the mother has triggered

maternal–fetal bonding [5].

Improved image quality is the main determining factor

in the assessment of congenital anomalies in pregnancy and

better assessment of complex anatomical structures. The

introduction of the novel technique ‘‘HDlive’’ has

improved 3D/4D images to a great extent and has offered

virtual viewing. Further addition of HDlive silhouette, an

inner fluid-filled structures can be assessed through a

transparent outer surface. With this so-called ‘see-through

fashion’ images provide detailed anatomical visualization

and depth perception of structures inside the morphological

structure. The algorithm creates a gradient at organ

boundaries, fluid-filled cavities, and vessel walls, where an

abrupt change in the acoustic impedance exists within tis-

sues [6]. The images are dependant on the degree of gain,

threshold, and silhouette [7]. This new method exploits the

superb image quality provided by the latest generation of

beamforming technology, speckle reduction algorithms,

and compound resolution imaging technology.

The main limitation of 3D ultrasound is a geometrical

distortion which is dependent on 2D image acquisition [8].

HDlive silhouette technique is limited by decrease in

quality of the rendered image by fetal or maternal move-

ment and amount of amniotic fluid around the fetus [9].

A Case Report with Review of Literature

A 38 year of primipara presented at 24 weeks of gesta-

tional age with an uneventful pregnancy and with a sus-

picion of biliary anomaly of the fetus. On Ultrasound

examination fetal biometric parameters were normal. On

anatomical survey there were two separate anechoic pear-

shaped parallel cystic structures just below the liver surface

and right lateral to the umbilical vein of the fetus (Fig. 1).

There was no color uptake or intrahepatic cystic structures.

Otherwise, liver and other anatomical surveys were nor-

mal. With these imaging findings, we concluded it to be a

duplicated or double gall bladder. We then performed 3D

imaging with HDlive Silhouette to better assess the anat-

omy with which we could see the relationship of these

structures with the liver and that each of these two cystic

structures was connected by two ducts to form a common

confluence and forming a ‘‘Y shape’’ (Fig. 2). We con-

cluded with a diagnosis of ‘‘Y shaped’’ duplication of the

gall bladder with no other associated anomalies. To con-

firm and further evaluate the biliary tree the patient

underwent MRI which showed two gall bladders with two

separate ducts connecting to the common cystic duct

(Fig. 3). A diagnosis of Type 1 ‘‘Y-shaped’’ duplication of

the gallbladder was then confirmed.

Duplication of the gallbladder is a rare congenital

anomaly of the biliary system with an incidence of

approximately 1 in 4000 individuals [10]. It has equal sex

predilection. It occurs during the 5th to 6th week of

embryogenesis during which a single primordium bifur-

cates and is due to exuberant budding of the developing

Fig. 1 Antenatal Ultrasound, A 2D Greyscale image at the level of

the fetal upper abdomen and B HDlive rendered image, demonstrat-

ing two pear-shaped parallel anechoic structures in the gall bladder

fossa (white arrow), right lateral to the umbilical vein (yellow arrow),

HDlive rendered image showing the same with no clear delineation of

the cystic duct

Fig. 2 HDlive SILHOUETTE images demonstrating two gall

bladders (blue arrows) with separate cystic ducts fusing to form a

confluence, and, common cystic duct (yellow arrows) – Type 1

Y-shape Duplication of Gall Bladder
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biliary tree when the caudal bud of the hepatic diverticu-

lum divides. The type of duplication is dependent on the

time that bifurcation occurs [11]. This anomaly was first

described in 1674 by Blasius and the first report of surgical

removal of a double gallbladder was by Sherren in 1911.

Various variations in gallbladder duplication have been

proposed. According to Boyden, Gall bladder duplication

are classified into 1. Vesica fellea divisa which is bilobed

gallbladder with one cystic duct and 2.Vesica fellea duplex

which is true gallbladder duplication, subclassified into

‘‘Y-shaped type’’ (two cystic ducts uniting before entering

the common bile duct), and ‘‘H-shaped or ductular type’’

(two cystic ducts enter separately into the common bile

duct) [11]. Later Harlaftis et al. classified into three main

types based on morphology and embryogenesis (Fig. 4a–c)

which is now most commonly accepted classification [12].

Concomitance with other congenital anatomic variations

in the biliary tree and hepatic artery has been described.

Tracking biliary tree for anomalies is essential not only for

diagnosis/classification but also for future surgical out-

comes if any [13]. A very rare case of the duplicated fetal

gallbladder with a novel chromosomal mutation (46, XX,

t(X;10) (p11.2;q24.3) has been reported [14]. There has

been no association with fatal fetal anomalies, however,

foregut malformations, aberrant hepatic and mesenteric

vessels associations are seen [15, 16].

There are only a few case reports on the prenatal diag-

nosis of Duplicated Gall Bladder. According to our

research, we have found only 7 case reports. In antenatal

ultrasound imaging, the unique location of parallel ane-

choic cystic structures in the gallbladder fossa is helpful in

differentiating from other closely related pathologies such

as choledochal cyst, duodenal duplication cysts.

To the best of our knowledge, we did not find any

resource in which HDlive Silhouette was utilized to diag-

nose the type of gall bladder duplication. In most cases, the

prenatal or postnatal diagnosis was made by MRCP. In our

patient, we used this method to trace the cystic duct to

classify, the exact site of cystic duct insertion and to rule

out other biliary variants which are difficult to visualize in

conventional 2D ultrasound. Our findings correlated with

Fetal MRI findings suggesting that good expertise in 3D

ultrasound imaging and HDlive Silhouette is on par with

cross-sectional imaging which has not been demonstrated

in medical literature to date. Henceforth this technique not

only helps in antenatal diagnosis and thus preparing for

future possible outcomes but also helps in avoiding MRI

which is costly, time-consuming, and technically chal-

lenging as compared to antenatal ultrasound.

The differential diagnosis includes hepatic cyst (com-

mon in anterior right lobe), GB fold (commonly trans-

verse), Phrygian cap, and diverticulum (communicating

with GB) [17, 18]. Also, an increased risk of acute and

chronic cholecystitis, carcinoma, biliary cirrhosis, and

torsion and postoperative complications have been reported

[19].

When gallbladder duplication is detected in utero, the

patient can be reassured of the benignity of the finding and

advised standard obstetric care.

Conclusion

Recent advances in ultrasound imaging with 3D/4D

Ultrasound and HDlive Silhouette have revolutionized fetal

medicine and enabled a most sophisticated yet detailed

evaluation of the fetus. It has provided excellent non-in-

vasive modes of evaluating complex anatomy and

anomalies even in early gestation. HDlive also plays an

important role in strengthening the feto-maternal relation-

ship. Duplication of the gall bladder is a rare anomaly with

very few reports on antenatal diagnosis. There is no liter-

ature on the utility of 3D Ultrasound and HDlive Silhouette

in an accurate anatomical diagnosis which we prove

essential in tracing and classifying duplication of gall

bladder with MRI correlation. This anomaly is not asso-

ciated with other fetal anomalies and has favorable out-

comes. However, future outcomes rest on the increased risk

of common complications of the acquired disease and post-

operative complications.

Fig. 3 Fetal MRI—Axial T2

and Heavily T2 weighted

images showing two separate

gall bladders in the GB fossa

(blue arrows) forming a

common confluence (yellow

arrow) proximally comparable

with HDlive Silhouette images

above – Type 1 Y-shape

Duplication of Gall Bladder
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