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Abstract

In this study, authors found the sources of anlages, and the peculiarities in development and
formation of topography of structural components of sphincteric apparatus of the extrahepatic bile ducts
(EBD). We found that beginning from the sixth month of the development, EBD are traced in the form of a
well-defined tubular structure. The extrahepatic and intrahepatic bile ducts are well contoured, but in the
end of the embryonal period, a tendency to mutual fuse has been noticed. Formation of the intraorgan
blood vessels of the common bile duct is detected at the end of the seventh week of the intrauterine
development in fetuses starting with 18.0-19.0 mm of parietococcygeal length (PCL). The peculiarities of
spatial structure of the arterial anastomoses around the coiled part of the cystic duct proved the existence of
the locking device (sphincter) between the neck of gallbladder and cystic duct and play an important role in
functioning of vascular (arterial) component of it. The peculiarities of topography and spatial structure
differences in arterial and venous plexuses in the sphincter segments of the biliary system were observed
clearly in the end of the fetus period of development and in newborns. This may indicate an important role
of these vessels in the function of sphincters, which provides biliodynamics.
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Development of the sphincteric apparatus of the extrahepatic bile ducts in the prenatal period of human
ontogenesis

Development of diagnostic methods and new non-invasive technologies in biliary surgery are
impossible without exhaustive information concerning the embryogenesis and anatomy of the extrahepatic
bile ducts (Adkins , 2000; Karaliotas, 2006), including variants of blood supply and myeloarchitectonics of
their sphincter apparatus (Chen,1999; Roskams, 2008). The blood supply of the extrahepatic bile ducts is
notable for variability which is important to take into account during surgical interferences on the organs of
the hepatobiliary system (Murakami, 1999; Rath, 1993). Understanding the etiopathogenesis of congenital
malformations of the pancreatic and bile ducts requires detailed study of their embryonal development
(Litwin, 2008). But the modern reported scientific data are fragmentary and controversial. Publications of
recent years concerning the formation of the blood channel of the derivatives of the intestinal tube during the
intrauterine development (IUD) in human give only scrappy information (Strazzabosco , 2008; Yamaguchi,
2001). At the same time, ascertaining the specific characteristics of the formation of the blood vessels of
EBD at an early stage of human ontogenesis will help to understand deeper the consistent patterns of the
vascularization of the biliary tract (Strazzabosco , 2008; Yamaguchi, 2001). The comprehensive study of the
prenatal development of the sphincter apparatus of EBD is morphological basis for improvement of surgical
techniques (Konecunukos, 2008).

Objective

The goal of this study is establishing the sources of the anlage and the dynamics of spatio-temporal
transformations of the sphincter apparatus of EBD, the specific features of the organization of the blood
supply of the EBD in the prenatal period of human ontogenesis.

Materials and method

The study was carried out on 104 series of histological sections of the specimens of human embryos,
fetuses and newborns measuring 4.5-378.0 mm of parietococcygeal length (PCL) from the embryologic
collection of Bukovina State Medical University by means of the methods of anthropometry, morphometry,
vascular injections, macroscopy, microscopy, 3D-reconstructions, statistical analysis. The IUD periods were
systematized on the basis of the classification of Schmidt G.A. (1968). The obtained digital images of
histologic specimens were studied using 3D-reconstruction method based on the computer program “Virtual
Anatomist” (Kharkiv, Ukraine) (Omiiinuk et al., 2011).

Results

In this study we found that the anlage of the bile ducts and liver is a hepatic diverticulum which can be
easily seen in a 4.5 mm PCL embryo (Figure. 1). This hepatic bud is a diverticulum of endoblastic
epithelium of the ventral wall of the upper portion of the foregut (the future duodenum) into the transverse
septum that is a mesodermal lamina between the pericardial cavity and the peduncle of the yolk sac. The
cells of the bud rapidly proliferate and grow into the caudal portion of the mesoderm of the transverse
membrane between the right and left cardinal veins, into the so-called hepatic mesoderm. The hepatic
diverticulum grows in the surrounding cellular layers and rapidly divides onto the cranial and caudal
portions. In the end of the fourth week, the shape of the liver bud gradually changes and the head (in the
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cranial larger portion) and the neck (in the caudal lesser portion) of the liver diverticulum can be seen very
distinctively. The cranial part of diverticulum is a liver anlage and has dimensions of 500x315 pm. The
caudal portion reaches 250x125 pm in size.

The formation of extrahepatic part of the bile duct is complete somewhere between the end of the
fourth and the beginning of the fifth week of the intrauterine development. Its formation takes place due to
elongation of the caudal portion of the liver diverticulum. The caudal portion of the liver diverticulum (the
cystic diverticulum), turns into the gallbladder and its “neck” forms the cystic duct. It has been traced that
cells, forming the gallbladder and the cystic duct originate from a histologically distinct population of
entodermal cells. The stalk of the hepatic diverticulum between the primitive gut, which is differentiated
into the duodenum and the cystic diverticulum, transforms into the common bile duct. Thus, intensive
processes of a transformation of the liver diverticulum and the formation of the human biliary system during
the fourth week take place. Therefore, any unfavourable factors of the internal or external environment may
bring about the appearance of anatomical variants or congenital malformations of the gallbladder and EBD.

The intensive proliferation of the hepatic cells and the elongation of the extrahepatic bile ducts take
place during the fifth week of IUD. At this time, the intestinal tube starts closing and forming the
duodenum. In the end of the fifth week, lumen of these tubular structures is filled with epithelial cells.
During this period the cystic diverticulum can be easily traced. Its dimensions reach 250x130 pm. The
anlage of the gallbladder is surrounded by a mesenchymal layer. Its muscular and connective tissue
membranes are formed by the hepatic tissue. The dorsal pancreatic diverticulum is formed from the dorsal
wall of the duodenum and is positioned against the place of the origination of the liver diverticulum and
shortly, the ventral pancreatic diverticulum arises from the anlage of the bile duct, more caudally from the
primordium of the gallbladder. Although the hepatic diverticulum arose from the ventral wall of the foregut,
the processes of growth and rotation of the duodenum cause a shift of the place of the confluence of the bile
duct and the ventral pancreatic primordium on the dorsal wall of the intestine and their location within the
bounds of the dorsal mesentery.

In the beginning of the sixth week of IUD, the size of the hepatic anlage continues to grow intensively.
At this time, its transverse size is about 900 um, the dorsoventral size is about 400 pm, and the craniocaudal
one is about 455 um. It occupies the cranioventral section of the abdominal cavity, and its right segment
exceeds in size its left one reaching out the posterior wall of the abdominal cavity. The anlage of the organ
starts gradually separating itself more distinctively from the diaphragmatic part of the transversal septum and
becomes a true abdominal structure located between the leaves of the ventral mesentary which were formed
owing to the closure of the gut and the abdominal wall. The hepatic ligaments, and the lesser omentum, in
particular, are formed from the remnants of the transversal and the ventral mesenteries. The ventral
mesentery provides a special framework to the bile ducts and vessels which go to the porta hepatic. It
degenerates in a caudal direction from them. The lesser omentum, and the hepatoduodenal ligament in
particular, consist of the portal vein, the hepatic artery and the common bile duct which are called a portal
triad. The formation of topographic variants and malformations of the hepatic vessels during this period is
possible.

Throughout the sixth week of the development, vacuolization and recanalization of the lumen of the
tubular structures begin. These processes start in the duodenal end of the intestinal tube. An abnormality of
the normal processes of recanalization, namely incomplete recanalization, may induce the appearance of the
membranous common bile duct with further atresia at this stage of development. For example, due to viral
inflammatory infections, it may result in sclerotic changes of the bile ducts. In the beginning of the sixth
week of development, the ventral and dorsal pancreatic anlages become contiguous between themselves
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within the bounds of the dorsal mesentery. In the end of the week their complete fusion takes place with the
formation of the definitive pancreas.

We found that the hepatic duct develops from the superior cranial portion of the hepatic diverticulum.
The caudal parts of the right and left hepatic ducts arise from the extrahepatic ducts and are well-defined by
the end of the sixth week of development. A reconstruction of the extrahepatic bile ducts demonstrated their
independent development from the intrahepatic ductal system. Both bile systems are separated since the
time of their anlage, but at the end of the embryonal period a tendency towards their union was detected
(Figure. 2).

It was found that at the end of the seventh week of the IUD when the fetuses PCL is 18.0-19.0 mm,
CBD is located in the thickness of the mesenchyma of the ventral mesogastrium behind the superior portion
of the duodenum. It is connected with the duct of the ventral anlage of the pancreas on the concave surface
of the descending portion of the intestine. The layer of the mesenchymal cells adjacent to the CBD walls
becomes separated from the neighboring cells of the surrounding mesenchyma in a caudal direction
assuming a clear-cut circular orientation.

Isolated lumens of the blood vessels of the capillary type are detected in the mentioned above
mesenchymal layer, primarily on the left and caudally from CBD. This means the beginning of formation of
its intraorgan blood channels during this period. In the eighth week of IUD (fetuses 23.0-29.0 mm in PCL),
one can differentiate 3 portions in the CBD: the retroduodenal section located behind the superior part of the
duodenum, the pancreatic segment between the pancreatic head and the medial wall of the descending
portion of the duodenum, and the intramural one — in the thickness of the medial wall of the organ. The
duodenal branch of the gastroduodenal artery is located on the left and in front at a distance of 150 um from
the retroduodenal portion of the CBD. The pancreatic section of the CBD is accompanied by the superior
posterior pancreaticoduodenal artery in a descending direction (Figure. 3). The inferior pancreaticoduodenal
artery branch approaches the terminal portions of the CBD and the pancreas caudally.

Tiny duodenal branches of the gastroduodenal artery approach the left wall of the retroduodenal
portion of the CBD, primarily, at the front and behind in a longitudinal direction in the ninth week of the
IUD in prefetuses of 32.0-40.0 um PCL. The branches in the pancreatic portion of CBD come from the
superior pancreaticoduodenal artery from the right and normally to their axes.

Tiny blood vessels, passing mainly from the inferior pancreaticoduodenal artery, are located cranially
and on the left between the circular and longitudinal fascicles of myoblasts, surrounding the intramural
portion of the CBD and the hepaticopancreatic junction.

In the end of the tenth week of IUD (fetuses PCL is 45.0-52.0 mm), lumens of the blood vessels are
well identified. Their walls are covered with endothelium and surrounded by a circular layer of
mesenchymal cells. Vessels are located around the hepaticopancreatic junction and between the muscular
fascicles of Oddi’s sphincter (Figure. 4). All this is indication of the formation of the subepithelial and
intramuscular vascular plexuses of the major duodenal papilla. The branches of the inferior
pancreaticoduodenal artery are the sources of its visualization. The same concerns the intramural CBD
portion.

The centers of blood vessels formation were found in the seventh week of development. In the end of
twelfth week of TUD, all branches of celiac trunk and superior mesenteric artery are well traced. It was found
that definitive structure of the arterial system of EBD starts from the beginning of fetus period of human
ontogenesis. Three types of arterial anastomoses were found on the surface of EBD. Namely, we found the
arterial network, a chain of longitudinal anastomoses, and the arterial circle. The peculiarities of spatial
structure of the arterial anastomoses around the coiled part of the cystic duct proved the existence of the
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locking device (sphincter) between the neck of gallbladder and cystic duct. The sphincter plays an important
role in functioning of vascular (arterial) component of blood supply system (Figure. 5).

The structure of the vascular system of 4-month-old fetuses starts demonstrating characteristics which
are similar to its definitive topography. Topography and a structure of the venous plexus differ from those
for arterial structures in areas of an extra- hepatic bile duct (EBD) sphincter (around the cystic duct and the
terminal part of CBD). The arteries accompanying CDB develop anastomoses in the form of a chain of
longitudinal vessels close to walls of a duct. These anastomotic branches resemble the arterial arches that
connect the upper and lower pancreatic-duodenal artery. In turn, the same name veins form a plexus around
EBD. That mesh follows arteries laterally. The anatomical architecture changes in the internal wall of EBD
and in the wall of duodenum. The terminal branches of arterial vessels are perpendicular to the direction of
duodenum’s axis and wrap it around starting from the medial edge and giving twigs in all layers of the body.
Veins form a plexus in the whole wall of duodenum. A longitudinal to the medial wall of the descending part
of the duodenum direction of venous plexuses can be seen on the 3D image reconstruction (Figure. 6).

Thus, during the fetal period of IUD, the changes in structural complexity and spatial transformation of
the vasculature of EBD take place. Structural differences in arterial and venous plexuses of the sphincter
segment of biliary system between the late fetal period and in newborns are clearly seen. Therefore, we may
assume that they play an important role in the function of sphincters, which provide the dynamics of bile.

Conclusions

1. Intensive processes of a transformation of the hepatic diverticulum and form-building of the bile
system throughout the 4th week of the development may be regarded as a critical period.

2. The extrahepatic bile ducts are traced in the form of a well-defined tubular structure, starting from
the sixth month of the development, whereas the intrahepatic bile ducts are represented by a primitive
tubular plate. The extrahepatic and intrahepatic bile ducts are isolated, but at the end of the embryonal period
a tendency towards their fusion is traced.

3. The forming of the intraorgan blood vessels of the common bile duct is detected at the end of the
seventh week of the intrauterine development in fetuses measuring 18.0-19.0 mm PCL.

4. The source of the vascularization of the common bile duct in its retroduodenal and pancreatic
portions is the branches of the gastroduodenal artery, whereas in the intramural portion — of the inferior
pancreaticoduodenal artery.

5. The peculiarities of spatial structure of the arterial anastomoses around the coiled part of the cystic
duct proved the existence of the locking device (sphincter) between the neck of gallbladder and cystic duct
and play an important role in functioning of vascular (arterial) component of it.

6. The distinct character and angioarchitectonics differences in arterial and venous plexuses in the
sphincter segments of the biliary system has been clearly observed at the end of the fetus period of
development and in newborns, which may indicate an important functional role of the vessels in activity of
sphincters, which provide biliodynamics.

13



European International Journal of Science and Technology ISSN: 2304-9693 www.eijst.org.uk

Figure 1. Sagittal section of human embryo of 4.5 mm PCL. Hematoxylin and eosin staining. Lens:
x8; ocular: x7. 1 — anlage of duodenum; 2 — anlage of liver; 3 — anlage of gallbladder; 4 — anlage of
common bile duct; 5 — anlage of portal vein.

Figure 2. 3D-reconstruction of serial frontal histotopographic sections of abdominal organs of the
embryo of 21.0 mm PCL. A — anterior view, B — posterior view. 1 — liver; 2 — stomach; 3 — gallbladder; 4 —
cystic duct; 5 — hepatic veins; 6 — esophagus; 7 — pancreas; 8 — duodenum; 7 — jejunum.
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Figure 3. Frontal section of terminal portion of common bile duct of the prefetus of 27.0 mm PCL.
Hematoxylin and eosin staining. Lens: x8; ocular: x7. 1 — common bile duct; 2 — superior posterior
pancreaticoduodenal artery; 3 — mesenchymal cells; 4 — pancreas.

Figure 4. 3D-reconstruction of serial sagittal histotopographic sections of abdominal organs of the
male fetus of 48.0 mm PCL. Left antero-inferior veiw. 1 — liver; 2 — stomach; 3 — duodenum; 4 — common
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bile duct gallbladder; 5 — cystic duct; 6 — terminal portion of common bile duct; 7 — main pancreatic duct; 8
— superior mesenteric arteri; 9 — inferior (common) pancreaticoduodenal artery; 10 — kidney and suprarenal

gland; 11 — aorta.

Figure 5. 3D-reconstruction of serial frontal histotopographic sections of the female fetus of 130.0
mm PCL. Anterior view: 1 — mucous membrane of the fundus of gallbladder, 2 — mucous membrane of the
body of gallbladder, 3 — Hartmann's pouch and the neck of gallbladder, 4 — cystic duct, 5 — right branch of
the proper hepatic artery, 6 — cystic artery and vein, 7 — common hepatic duct, 8 — left branch of the proper
hepatic artery, 9 — portal vein, 10 — branch of the cystic artery, 11 — proper hepatic artery, 12 — spiral arteries
of the cystic duct, 13 — anastomoses (arterial circle) of the cystic duct.
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Figure 6. 3D-reconstruction of serial frontal histotopographic sections of the male fetus of 290.0 mm
PCL. Anterior view: 1 — mucous membrane of the gallbladder, 2 — common bile duct, 3 — tunica muscularis
of the medial wall of descend part of the duodenum, 4 — proper hepatic artery, 5 — portal vein, 6 — superior
mesenteric artery, 7 — pancreatic duct (Wirsung's duct) 8 — right gastroepiploic vein, 9 — gastrodupdenal
artery, 10 — anterior superior pancreaticoduodenal vein, 11 — posterior superior pancreaticoduodenal vein, 12

— venous plexus of the duodenum.

17



European International Journal of Science and Technology ISSN: 2304-9693 www.eijst.org.uk

References

Adkins Jr, R. B., Chapman, W. C., & Reddy, V. S. (2000). Embryology, anatomy, and surgical applications
of the extrahepatic biliary system. Surgical Clinics of North America, 80(1), 363-379.

Chen, W. J., Ying, D. J, Liu, Z. J., & He, Z. P. (1999). Analysis of the arterial supply of the extrahepatic bile
ducts and its clinical significance. Clinical Anatomy, 12(4), 245-249.

Karaliotas, C. C., Broelsch, C. E., & Habib, N. A. (Eds.). (2006). Liver and Biliary Tract Surgery:
Embryological Anatomy to 3D-imaging and Transplant Innovations. Springer.

Litwin, M. S. (2008). Liver and Biliary Tract Surgery: Embryological Anatomy to 3D-Imaging and
Transplant Innovations. JAMA: The Journal of the American Medical Association, 299(10), 1196-
1197.

Murakami, G., Hirata, K., Takamuro, T., Mukaiya, M., Hata, F., & Kitagawa, S. (1999). Vascular anatomy
of the pancreaticoduodenal region: a review. Journal of hepato-biliary-pancreatic surgery, 6(1), 55-68.

Rath, A. M., Zhang, J., Bourdelat, D., & Chevrel, J. P. (1993). Arterial vascularisation of the extrahepatic
biliary tract. Surgical and Radiologic Anatomy,15(2), 105-111.

Roskams, T., & Desmet, V. (2008). Embryology of Extra- and Intrahepatic Bile Ducts, the Ductal plate. The
Anatomical Record, 291(6), 628-635.

Strazzabosco, M., & Fabris, L. (2008). Functional anatomy of normal bile ducts. The Anatomical Record,
291(6), 653-660.

Yamaguchi, H., Wakiguchi, S., Murakami, G., Hata, F., Hirata, K., Shimada, K., & Kitamura, S. (2001).
Blood supply to the duodenal papilla and the communicating artery between the anterior and posterior
pancreaticoduodenal arterial arcades. Journal of Hepato-Biliary-Pancreatic Surgery, 8(3), 238-244.

Axtemiituyk, F0.T. (1997). Opranorenes 3aouepeBHHHOTO TipocTopy. YepHisii: “TIpyr”, 148.

Konecnukos, JI. JI. (2008). Cpunkreponorus. M.: I'votap-men., 152. IlareHt Ha kopucHy Monenb Ne 62646
(Ykpaina), MIIK (2011.01) A61B 5/00.Cnoci6 3-D pekoHCTpyKIlii aHaTOMIUHMX OO0 €KTIB 3a
MmakpodoTorpadismu ix anaromiuaux 3piziB / Omiitauk 1. 0., Tabaunrok H. B., bepuik H. B., AaToHIOK
O. I1., JlaBpisJI. I1.; zasBHUK 1 mareHToBI. BykoB. mepk. men. yH-TeT.- Ne 3asBku 2011 00851; 3asB.
26.01.2011; omy6:. 12.09.2011.— bron. Ne 17. — 4 c.

18



