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ABSTRACT

Aim: To provide a fundamental understanding of the anatomical and histological structure of the liver in children with BA, which are essential for accurate
diagnosis, the development of targeted treatment approaches, and effective surgical correction.

Materials and Methods: A literature review was conducted on embryogenesis, anatomy, and morphology of the disease in newborns and children with
biliary atresia (BA). At least 27 scientific sources were analyzed, covering the period from classical descriptions (since 1972) to modern publications (2020s).
The selection criteria included studies describing liver embryogenesis, morphological features, and clinical and surgical aspects of BA. The databases PubMed,
Medline, Embase, and Google Scholar were searched, covering research areas such as liver anatomy, physiology, and morphology in children, as well as clinical
issues related to biliary atresia. In addition, the author’s observations were included. These were obtained during diagnosticimaging procedures, intraoperative
evaluation of the organ during surgical correction, anatomical studies of 7 deceased children with BA, and histological examination of liver tissue. All patients
were under our observation during diagnosis and treatment for BA and demonstrated characteristic clinical, anatomical, physiological, and morphological
changes of the liver.

Conclusions: The cause of BA may lie in disruptions or arrest of the embryonic development of the bile ducts and hepatic vascular system. In infants, the
liver is in a state of anatomical immaturity and functional insufficiency, and its structure is not fully developed. This must be taken into account when treating
children with BA.The anatomical differences in the liver of children with BA have significant practical implications for the surgical management of BA.
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INTRODUCTION

Biliary atresia (or atresia of the bile ducts) occurs in
approximately 1 in 8,000 to 1 in 30,000 newborns, ac-
cording to various studies [1-3]. In biliary atresia (BA),
the affected obliterated ducts create a mechanical
obstruction to the normal flow of bile, resulting in its
retention in the liver and causing chronicinflammation
and hepatocellular damage [4]. BA accounts for up to
39% of all liver-related mortality in children [5,6]. For
many years, the condition was considered incurable
until 1959, when Kasai M. and Suzuki S. introduced the
surgical procedure of hepatic portoenterostomy, which
made it possible to transform the “uncorrectable” type
of BA into a “correctable” one, thus saving the lives of
many children [7,8].

Clinically, the condition presents with persistent
jaundice of the skin and mucous membranes, pale
stools, and dark urine. Jaundice in BA appears within
the first days of life, progresses steadily, and is caused
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by elevated levels of direct bilirubin. The liver becomes
enlarged and firm, and by the age of 5-6 months, biliary
cirrhosis of the liver develops. By the age of 2 months,
the spleen also enlarges [9,10].

The choice of surgical strategy depends on the type
of BA. According to the anatomical classification, there
are three types of BA: 1) atresia of the extrahepatic
(external) bile ducts with preservation of the ducts at
the hepatic hilum and a well-developed gallbladder;
2) atresia of the intrahepatic bile ducts; 3) total atresia
of the bile ducts. Atresia of the extrahepatic bile ducts
(the“correctable type”) at the level of the common bile
duct or hepatic duct is considered a favorable form of
the defect in terms of successful surgical correction. In
such cases, it is generally possible to achieve good bile
drainage. In contrast, intrahepatic duct atresia and the
total form present significant difficulties for correction,
which has led to their classification as the “uncorrect-
able type”[11-14].
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BA is the most common cholestatic liver disease in
infants and the leading indication for liver transplan-
tation [15].

Understanding BA involves liver embryogenesis
along with its anatomical and morphological features,
as these contribute to a complex pattern of patholog-
ical changes requiring surgical correction. Successful
treatment of children with BA greatly depends on the
surgeon’s thorough understanding of the disease’s
nature and mechanisms of development. Without up-
to-date knowledge of the disease’s etiopathogenesis,
as well as the anatomical, functional, and morpholog-
ical features of the liver, achieving effective treatment
outcomes is not possible.

AIM

To provide a fundamental understanding of the ana-
tomical and histological structure of the liver in children
with BA, which are essential for accurate diagnosis, the
development of targeted treatment approaches, and
effective surgical correction.

MATERIALS AND METHODS

A literature review was conducted on embryogenesis,
anatomy, and morphology of the disease in newborns
and children with biliary atresia (BA). At least 27 sci-
entific sources were analyzed, covering the period
from classical descriptions (since 1972) to modern
publications (2020s). The selection criteria included
studies describing liver embryogenesis, morpholog-
ical features, and clinical and surgical aspects of BA.
The databases PubMed, Medline, Embase, and Google
Scholar were searched, covering research areas such as
liver anatomy, physiology, and morphology in children,
as well as clinical issues related to biliary atresia. In ad-
dition, the author’s observations were included. These
were obtained during diagnostic imaging procedures,
intraoperative evaluation of the organ during surgical
correction, anatomical studies of 7 deceased children
with BA, and histological examination of liver tissue. All
patients were under our observation during diagnosis
and treatment for BA and demonstrated characteristic
clinical, anatomical, physiological, and morphological
changes of the liver.

REVIEW AND DISCUSSION

Brief overview of liver embryogenesis. The liver devel-
ops from the hepatic diverticulum of the primitive gut
during the 4th week of intrauterine development. The
central part of this diverticulum gives rise to the liver
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and hepatic ducts. Hepatic cells grow in the form of
cords into the mesenchymal tissue of the transverse
septum of the diverticulum, forming the hepatic paren-
chyma, bile canaliculi, and intrahepatic bile ducts. The
caudal portion of the hepatic diverticulum gives rise to
the gallbladder and the common bile duct, undergoing
a solid proliferative stage followed by vacuolization.
By the 7th-12th weeks of embryonic development,
the gallbladder becomes a hollow organ, and a lumen
appears in the cystic duct.

Simultaneously with the formation of the distal parts
of the biliary system, hepatic secretory cords develop,
and both extrahepatic and intrahepatic segments of the
portal and hepatic veins form. During the embryonic
period, liver lobules begin to form, and their final differ-
entiation is completed by the end of the 1st month of
life. The vascular system of the liver originates from the
vitelline and umbilical veins. As the intestines develop,
the biliary segment of the vitelline veins regresses, and
the umbilical veins of the umbilical cord and embryo
merge. The vessel passing through the hepatic pa-
renchyma (the ductus venosus Arantii), which carries
oxygenated blood into the inferior vena cava of the
fetus, becomes obliterated after birth. Disruptions or
arrest in the embryonic development of the biliary
ducts and hepatic vasculature may lead to conditions
such as biliary atresia, biliary hypoplasia, choledochal
cysts, hepatic cysts, and portal vein anomalies, often
resulting in portal hypertension [16,17,18].

The main structural element of the liver is the hepato-
cyte and the hepatic lobule, which ranges in diameter
from 0.7 to 2.0 mm. It consists of a single layer of he-
patocytes arranged around a central vein. Irregularly
organized cells create interconnected cavities known
as lacunae. It is within this histological structure that
pathological processes such as necrosis and cirrhosis
develop, leading to severe consequences [10].

The liver performs a wide range of functions. Its main
roles include: 1-regulating metabolic processes by
storing, secreting, and processing carbohydrates, fats,
and proteins; 2-synthesizing proteins; 3-producing bile;
4-regulating the blood coagulation system; 5-perform-
ing hematopoietic functions; 6-participating in water
and electrolyte balance; 7-carrying out detoxification;
8-modulating and supporting the immune system [19].

NORMAL LIVER ANATOMY IN NEWBORNS
AND INFANTS

In newborns, the liver is one of the largest organs,
accounting for more than 4% of total body weight.
It is considered normal for the liver to extend 2-3 cm
below the costal margin along the midclavicular line.
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Typically, the right and left lobes of the liver in newborns
are approximately equal in volume, or the left lobe
may be larger than the right. This is due to features of
intrauterine development, during which the left lobe
is better supplied with blood. This fact should be taken
into account during liver resection at this age. In the
postnatal period, the liver continues to grow, although
its mass increases more slowly than body weight. For
example, by 10-11 months of age, liver weight doubles,
whereas body weight triples.

The liver is covered with peritoneum on almost all
sides (a mesoperitoneal organ), except for the posterior
part of the diaphragmatic surface and the porta hepatis.
The peritoneal covering of the liver, at the points where
it extends to the diaphragm, the porta hepatis, and ad-
jacent organs, forms the ligamentous apparatus of the
liver. In addition to providing support, these ligaments
serve as conduits for blood and lymphatic vessels and
nerves. From a surgical standpoint, the mostimportant
ligaments are:

1) The coronary ligament, located in the frontal
plane. Atits lateral edges lie the left and right triangular
ligaments. These are subject to surgical division during
liver mobilization, cyst dissection, liver resection, or
diaphragmatic hernia repair.

2) Thefourth ligament - the falciform ligament, also
known as the suspensory ligament, which is located
in the sagittal plane. At the anterior edge of the liver,
it transitions into the round ligament, which contains
the umbilical vessels.

The hepatoduodenal ligament extends from the
liver to the duodenum and contains vital anatomical
structures: the portal vein, the hepatic artery, and the
common bile duct. Its fusion with the hepatogastric
ligament and the left gastrophrenic ligament forms
the anterior wall of the lesser omentum, and the hep-
atoduodenal ligament itself forms the anterior border
of the omental (epiploic) foramen. Within the hepato-
duodenal ligament, the common and cystic bile ducts
lie superficially (ventrally), the hepatic artery trunk lies
slightly deeper and to the left, and the wide portal vein
trunk s located dorsally behind them.These anatomical
relationships are crucial and must be taken into account
during surgical procedures at the porta hepatis.

During liver mobilization, surgical intervention in-
volves the division of hepatic ligaments. The anatomy
of these structures must be considered during resective
operations. For example, during mobilization of the left
lobe of the liver, the left triangular ligament is divided
up to the beginning of the falciform ligament. During
mobilization of the right lobe, the right triangular
ligament, hepatorenal ligament, round ligament, and
falciform ligament are divided.

The liveris divided into right and left lobes, separated
by the falciform ligament or the left sagittal fissure, in
the anterior part of which lies the round ligament of the
liver, and in the posterior part — the obliterated ductus
venosus (Arantius’ duct).

The right sagittal fissure on the inferior surface of
the liver runs from the gallbladder bed to the inferior
vena cava. Between the sagittal fissures, anterior to the
transverse fissure, lies the quadrate lobe, and posteriorly
- the caudate lobe.

Couinaud’s classification divides the right and left
lobes of the liver into 5 sectors and 8 segments, each
with its own autonomous blood supply, bile drainage,
innervation, and lymphatic circulation. In the right
lobe, two sectors are distinguished: lateral (segments
6 and 7) and paramedian (segments 5 and 8). In the left
lobe, three sectors are distinguished: lateral (segment
2), paramedian (segments 3 and 4 - i.e., the quadrate
lobe and most of the left lobe), and dorsal (segment
1 or the caudate lobe). These variants of dividing the
liverinto lobes, sectors, and segments are anatomically
justified, as they reflect the liver internal structure. They
are diagnostically useful for localizing pathological
processes using ultrasound, CT, MRI, and angiography,
and are widely applied in resective and alternative liver
surgery [19].

The liver is the only organ with two systems of sup-
plying vessels - the hepatic artery and the portal vein.
The common hepatic artery originates from the celiac
trunk. Within the hepatoduodenal ligament, it gives rise
to the gastroduodenal, right gastric, and cystic arter-
ies. In nearly half of cases, anomalies in hepatic artery
development are found, including atypical branching
and additional vascular branches, unusual origins of the
hepatic artery (e.g., from the superior mesenteric artery
rather than the celiac trunk), and independent origins of
the left and right hepatic branches. The hepatic artery
provides 10-35% of the liver blood flow and supplies
50% of its oxygen needs, while 65% of hepatic blood
flow is provided by the portal vein.

The portal vein is formed by the confluence of the
superior mesenteric and splenic veins. Its tributaries in-
clude the inferior mesenteric vein and the coronary vein
of the stomach, which typically drain into the splenic
vein. The portal vein is 3-8 cm long and 0.5-1.5 cm in
diameter, but its size may vary depending on normal
anatomical variants or pathological changes, such as
those seenin portal hypertension. Pathological changes
in the portal vein system are identified and considered
during splenoportography and when selecting a surgi-
cal method for correcting portal hypertension.Venous
outflow from the liver is through three hepatic veins: the
right, middle, and left. The latter two may merge into a
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Fig. 1. Jaundice in patient K., 1.5 months old,
with BA

Picture taken by the authors

Fig. 2. Macroscopic view of the liver in BA
(intraoperative picture)
Picture taken by the authors

single trunk draining into the inferior vena cava at the
point where it enters the liver. Obstruction of venous
outflow due to thrombosis or the presence of an embry-
onic membrane at the junction of the inferior vena cava
and the right atrium causes severe liver dysfunction.
Lymph drainage from the liver occurs in two direc-
tions: from the superior surface of the liver, lymphatic
vessels pass through the triangular ligaments and di-
aphragm to enter the thoracic duct [18]; and from the
inferior surface of the liver, lymphatic vessels travel to
the porta hepatis, to the aortic lymph nodes, and then
to the thoracic duct. The porta hepatis contains lymph
nodes - the cystic node and nodes of the hepatoduode-
nal ligament beneath the right edge of the duodenum.
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These nodes are consistent landmarks used to locate
the cystic artery and the common bile duct [12].

Parasympathetic innervation is provided by the
right vagus nerve, and sympathetic innervation comes
from branches of the right splanchnic nerve. Together,
branches of the vagus and sympathetic nerves form
the hepatic and cystic plexuses around the structures
of the porta hepatis.

CLINICAL AND ANATOMICAL OBSERVATIONS IN
CASES OF BA

A notable feature in newborns is that the right and
left liver lobes are approximately equal in volume, and
the intrahepatic bile ducts, although formed, exhibit
impaired patency due to obliteration or underdevel-
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Fig. 3. Gallbladder hypoplasia in BA
(intraoperative picture)
Picture taken by the authors

Fig. 4. Proliferation of bile ducts with edema
and dystrophic changes in cholangiocytes in BA
Picture taken by the authors

opment. One possible cause of ductal obliteration is
neonatal hepatitis with obstructive cholangiopathy,
suggesting that atresia can develop after birth and may
regress following surgery. BA is not found in embryos,
stillbirths, or premature infants — it occurs only in the
postnatal period [20].

Currently, several hypotheses have been proposed
regarding the origin of BA, including: a viral infection
hypothesis, ischemia of bile ducts due to impaired
blood supply, disrupted bile acid metabolism, pancre-
atobiliary maljunction theory, etc.

The symptoms of BA include obstructive jaundice and
acholic stools. These may not be noticeable in the first
days or weeks of life because bile production begins
only after birth, and clinical signs of hyperbilirubinemia
require time to develop due to bilirubin accumulation

in the serum. Furthermore, physiological jaundice is
common and short-lived in newborns. Jaundice in BA
typically appears on the 3rd-4th day after birth, does not
resolve within 2-3 weeks, and progressively worsens.
The direct (conjugated) bilirubin fraction in the serum
may reach 100-300 pmol/L. Stools remain acholic, al-
though in the first few days they may be yellow due to
partial duct patency and the release of bile pigments
fromintestinal glands. Urine is dark-colored, resembling
the color of dark beer (Fig. 1).

By the end of the first month, the liver begins to enlarge
dueto the development of cholestatic hepatitis. Intraoper-
atively, it appears greenish in colorand is firm to the touch
(Fig. 2). The liver has a yellow-green color, its surface and
parenchyma are finely granular, cystic cavities near the
porta hepatis contain thick, paste-like bile.
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Fig. 5. Bile stasis in the bile ducts in BA

Picture taken by the authors

Fig. 6. Liver cirrhosis in an 8-month-old infant
with BA
Picture taken by the authors

Over time, portal hypertension develops. Increased
pressure in the portal vein leads to its dilation, the devel-
opment of collateral circulation through the esophageal
veins, and the appearance of esophageal varices. As a
result of impaired blood flow through the portal vein,
the spleen enlarges, and a subcutaneous venous net-
work becomes visible on the anterior abdominal wall.
Abdominal distension occurs initially due to flatulence
caused by impaired digestion (due to the absence of
bile), and later due to ascites from portal hypertension.
The average life expectancy is 18 months. Children
die from progressive liver failure and gastrointestinal
bleeding due to ruptured esophageal varices [21].
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Every infant with jaundice should undergo an urgent
ultrasound examination. During liver ultrasound, spe-
cial attention is given to the gallbladder. Since intrahe-
patic and total BA are more common, the gallbladder is
often absent or hypoplastic, appearing as a rudimentary
structure. Ultrasound may reveal a triangular cord sign
atthe porta hepatis, which represents fibrotic remnants
of the common bile ducts [22,23] (Fig.3).

The small gallbladder does not change in size after feed-
ing. Gallbladder contraction after feeding excludes BA.

Therefore, the presence of the following signs -
persistent jaundice lasting more than one month
with elevated direct bilirubin levels that do not show
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Fig. 7. Schematic
representation of the
Kasai procedure: a)
removal of obliterated
bile ducts and exposure
of the fibrous cone

at the porta hepatis
with remnants of hile
ducts; b) creation of an
anastomosis between
the fibrous cone and
the end of the jejunum
Picture taken by the
authors

_/B

a decreasing trend, acholic (pale) stools, absence of
the gallbladder on ultrasound, or a lack of response
to conservative “hepatitis” treatment — constitutes an
indication for diagnostic laparotomy and intraoperative
evaluation of the porta hepatis to determine the type
of BA and assess the possibility of surgical correction.

Liver biopsy in cases of BA can be up to 95% accurate,
depending on the pathologist’s qualifications [24-26].
Histological confirmation of BA is based on typical
findings, among which the most characteristic are:
bile duct proliferation, bile stasis in the ducts, portal
edema, fibrosis, and liver cirrhosis. These histological
features were also observed in the analyzed cases (Fig.
4, Fig.5, Fig.6).

The success of treatment largely depends on estab-
lishing the diagnosis within the first month of life. A
diagnosis of BA made after 3-4 months of age offers
almost no hope for successful treatment due to the
development of cholestatic hepatitis, fibrosis, and

biliary liver cirrhosis. Therefore, the 60-day threshold is
considered critical worldwide for achieving a good sur-
gical outcome. Beyond this period, surgery is typically
unsuccessful. Many surgical options have been pro-
posed, although some are now of primarily historical
interest. The most widely recognized and commonly
performed procedures are hepatoportoenterostomy
with aY-shaped Roux-en-Y jejunal loop according to the
Kasai technique (with various modifications) and liver
transplantation. The former is available in many spe-
cialized centers and is most effective when performed
on time (within the first 60 days of life). It can also serve
as a bridge to subsequent liver transplantation (Fig. 7).

The Kasai procedure is most effective for the treat-
ment of BA when the following five key principles are
observed:

1) Timing: the operation must be performed within
the first 60 days of life. Under these conditions, bile
flow can be achieved in 80% of cases. When surgery is
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performed after 90 days of life, bile flow is restored in
only 41% of cases.

2) Surgical technique: a) excise the fibrous cone
to the appropriate depth (not reaching the liver); b)
at the correct anatomical location (posterior wall of
the bifurcation of the portal vein); c) use microsurgical
magnification devices (surgical loupes); d) form the
anastomosis with absorbable sutures, anchoring the
bowel to the adventitia of the portal vein posteriorly
and to the liver anteriorly.

3) Postoperative management: rational postopera-
tive care includes long-term antibiotics, corticosteroids,
and hepatoprotective agents.

4) Timely revision surgery: if bile flow stops postop-
eratively, a second surgery (revision of the hepatopor-
toenterostomy with removal of granulation tissue at
the porta hepatis) should be performed no later than
two months after the initial procedure.

5) Anti-reflux procedures: These should comple-
ment the hepatoportoenterostomy to prevent ascend-
ing postoperative cholangitis.

Regarding resectional procedures, in children under
1 year of age, the most extensive permissible operation
is left-sided hemihepatectomy, although even this is
associated with a high risk of liver failure. Notably, in

newborns, the right and left liver lobes are approximate-
ly equal in volume, which must be taken into account
when performing liver resections at this age. An im-
portant factor in liver transplantation is the anatomical
configuration of the donor segment’s blood supply and
its size. The volume of the donor’s remaining liver must
not be less than 40% of the total liver volume [27].

CONCLUSIONS

1. BA is one of the most severe surgical conditions
in newborns and infants. Without a thorough un-
derstanding of embryogenesis and the anatomical
and functional features of the liver and biliary tract,
effective treatment outcomes are impossible.

2. The cause of BA may lie in disruptions or arrest of
the embryonic development of the bile ducts and
hepatic vascular system.

3. Ininfants, the liver is in a state of anatomical imma-
turity and functional insufficiency, and its structure is
not fully developed. This must be taken into account
when treating children with BA.

4. The anatomical differences in the liver of children
with BA have significant practical implications for
the surgical management of BA.
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