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Preface

Gallbladder disease is highly prevalent and its treatment is controversial. Herein,
we provide updated information about gallbladder anatomy, anomalies, pathology,
and treatment. Additionally, we discuss endoscopic ultrasound as a new tool in the
management of gallbladder disease as well as post-cholecystectomy bile duct injury
and gallbladder cancer. Chapters are written by experts in the field from around the
world and include figures and illustrations to enhance understanding. I am grateful
to the chapter authors for their excellent contributions.

My special thanks go to all who have contributed to this work, particularly the staff at
IntechOpen for their assistance throughout the publication process.

I hope readers will find this book a useful resource. More importantly, I hope this
work aids medical professionals in their daily practice when dealing with gallbladder
disease patients.

Ahmed ElGeidie
Gastrointestinal Surgery Center,
Mansoura University,
Mansoura, Egypt






Chapter1

The Gallbladder and Extrahepatic
Biliary Tract: Anatomy and
Variations

Magzhar Ozkan

Abstract

The unusual role of the gallbladder in storing bile, which is crucial for digestive
processes and the health of the gastrointestinal tract, sets it apart from other hollow
organs. Under the influence of various factors in the gallbladder, where the processes
of condensation and reconstitution of bile fluid take place, problems may arise in
the cycle and pathologies may appear. Understanding the anatomy of the gallblad-
der, extrahepatic biliary tract, and surrounding organs is crucial for the diagnosis
and treatment of various clinical conditions. The typical and variant anatomy of the
gallbladder and the structures surrounding it will be covered in this section.

Keywords: gallbladder, extrahepatic biliary tract, embryological development,
anatomy, variation

1. Introduction

Bile is a secretion of water, bile salts, bilirubin, cholesterol, and several electro-
lytes secreted from the liver and stored in the gallbladder, which plays an important
role in the digestion and absorption of fat in the small intestine. Bile is continuously
produced in the liver and transported through the bile ducts. It is concentrated while
stored in the gallbladder and excreted into the digestive tract with food intake. During
these processes, pathological conditions (gallstones, etc.) can occur due to metabolic
and other factors (genetic, infection, etc.). Although the ultimate solution is chole-
cystectomy, removal of the gallbladder, the localization and anatomical variations of
the gallbladder, and related formations may cause iatrogenic injuries. This chapter
discusses the anatomy and variations of the gallbladder and bile ducts.

2. Development of gallbladder

In humans, the extrahepatic bile ducts and liver develop from the hepatic diver-
ticulum or liver bud, an endodermal outgrowth of the foregut, around the eighteenth
day after fertilization (toward the beginning of the fourth week). The gallbladder

also develops from the caudal part (pars cystica) of the hepatic foregut diverticulum.
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The gallbladder becomes recognizable on the twenty-ninth day after fertilization and
the cystic duct around the thirty-fourth day [1]. The gallbladder has a tubular shape
until the eleventh week of pregnancy, after which it expands and becomes saccular.
The fetal gallbladder is intrahepatic, embedded in the liver fossa [2] until the seven-
teenth gestational week. It then protrudes under the inferior surface of the liver [3].

The extrahepatic bile ducts develop between the third and eighth embryonic
weeks with the extension of the caudal part of the hepatic diverticulum. The extra-
hepatic parts of the hepatic duct and the right and left hepatic ducts develop from the
cranial part of the hepatic diverticulum (pars hepatica). The proximal parts of the
hilar ducts originate from the intrahepatic ductal plates. At the beginning of the fifth
gestational week, the hepatobiliary anatomical structures (gallbladder, cystic duct,
hepatic ducts, common bile duct, and ventral pancreas) are in the ventral mesentery
of the duodenum. At the end of the fifth week, with the rotation of the duodenum to
the right side, the developing common bile duct is displaced to its new position in the
dorsal part of the duodenum. The lower part of the common bile duct and the ventral
pancreatic primordium enter the dorsal mesentery and join the dorsal pancreatic
primordium. They become secondary retroperitoneal, located anterior to the retro-
peritoneal organs. The fusion fascia surrounding these structures contributes to the
formation of the anterior layer of Gerota’s fascia.

In the sixth gestational week, the developing extrahepatic biliary tract is orga-
nized. By the seventh week, the lumen reaches the cystic duct, but the gallbladder is
still a cluster of cells (until the twelfth week). Abnormalities during the reorganiza-
tion of the extrahepatic biliary tract can affect the development of the bile ducts and
gallbladder, resulting in various types of atresia. In addition, two or more lumens may
be present in the duct, and duplications may occur due to their inability to merge. In
the ninth week, the muscular part of the gallbladder develops from the mesenchymal
cells surrounding the epithelial primordium.

An outward growth from the common bile duct forms the ventral pancreas. The
connection of the common bile duct with the anterior intestine occurs at the major
duodenal papilla in the second part of the duodenum. Here, the terminal part of the
common bile duct and the terminal part of the pancreatic duct come together to form
ashort duct.

Other associated anomalies include annular pancreas, malrotation, duodenal
atresia, imperforate anus, portal and inferior vena cava abnormalities, polysplenia,
congenital heart disease, and urinary tract anomalies. It has been reported that
reovirus type-3 infections may lead to possible biliary atresia.

Agenesis of the gallbladder is extremely rare. It may be associated with normal or
atresia biliary tract. One in six patients with extrahepatic biliary atresia has gallblad-
der agenesis. The rapid growth of the liver in the second gestational month is impor-
tant to understand anomalies related to the localization of the gallbladder. Positional
anomalies of the gallbladder are intrahepatic, retrohepatic, left-sided, and ptotic
(hanging).

The retrohepatic gallbladder is thought to be associated with the abnormal migra-
tion of the gallbladder-cystic duct bud posteriorly.

Left-sided gallbladder occurs rarely and can be found on the undersurface of the
left lobe of the liver or to the left of the falciform ligament. It may have a cystic duct
with a normal position, or it may angulate sharply to the left.

In the twelfth week, the gallbladder becomes hollow by vacuolization. Errors in
vacuolization can lead to septation within the gallbladder. The presence of a complete
septation is referred to as gallbladder duplication. Duplication can occur at various
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levels. When the fundus and corpus are involved starting from the neck, it is called
external duplication. In a mild type, a duplication may occur that is not visible
externally but is completely separated internally by a longitudinal septum. Partial
duplications can also occur due to gallbladder-cystic duct bifurcation. In this case,
duplications of the cystic duct or gallbladder (as two separate sacs) may occur.

Embryologic changes in the terminal part of the gallbladder-cystic duct bud can
cause deformities such as Phrygian cap, hourglass gallbladder, Hartmann’s pouch, and
diverticula. Some of these may be acquired rather than congenital (e.g., Hartmann’s
pouch may occur as a result of dilatation of the infundibulum due to chronic
obstruction).

The gallbladder, because of its solid structure, is not sonographically distinguish-
able until the second trimester of pregnancy. Around the twentieth gestational week,
it can be identified in 65% of fetuses [4].

3. Anatomy of gallbladder

The gallbladder is a flask- or pear-shaped diverticulum connected to the extrahepatic
bile duct by a duct called the ductus cysticus. It has three parts: fundus, corpus, and neck
(Figure 1). It is involved in the storage, concentration, and rehydration of bile from
hepatocytes and its ejection into the digestive tract. This function is regulated by the
parasympathetic nervous system and hormones, especially cholecystokinin.

In the living organism, it is gray-blue in color and is located in a depression (fossa
vesicae biliaris) on the visceral surface of the right lobe of the liver (segments IV and V)

Left hepatic duct

Right hepatic duct
Cystic duct

Gallbladder:
Body
Fundus
Neck

Common
hepatic duct

. Common
Liver bile duct

Figure 1.
Anatomy and location of the gallbladder [5].
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and is fixed to it by the visceral peritoneum. This fossa is located at the caudal

border of the interlobar fissure, an embryologic structure separating the right and
left hepatic lobes. Within this fissure (fissure of Gans, Rouviere’s sulcus, or incisura
hepatis dextra) is the middle hepatic vein. It is a useful anatomic landmark in hepatic
resection and laparoscopic cholecystectomy (the cystic duct and artery are located
anterosuperior to the sulcus, whereas the common bile duct is posteroinferior)

[5]. In the posterosuperior part of the fossa is the porta hepatis through which the
hepatic artery, portal vein, and common bile duct pass. The peritoneum surrounds
these structures and is called the hepatoduodenal ligament (free edge of the lesser
omentum, Figure 2). A fold extending from the hepatoduodenal ligament around the
gallbladder is called the cholecystoduodenal ligament.

In an adult, the gallbladder is 7 to 10 cm long and has a volume of 25 (resting/
empty) to 50 ml [7]. The relationship of the gallbladder to the liver varies and has
been classified into seven groups by [8]. Outside of these groups, the gallbladder may
very rarely be surrounded by the parenchyma of the liver (intrahepatic gallbladder)
[9]. In cases that allow the gallbladder to move away from the liver, more caution
should be exercised as there is a risk of gallbladder torsion [10, 11].

In most of the population (approximately 75% according to Tihan [8]), the
gallbladder has a fundus that contacts the anterior abdominal wall in the transpyloric
plane, a corpus located in the fossa, and a neck located most medially. The junction
of the fundus and corpus is the widest part of the gallbladder and narrows toward
the neck. The most rapidly narrowing part is called the infundibulum. The collum
vesicae biliaris is close to the porta hepatis and is attached to the liver by a short and
thin peritoneal attachment (mesentery). This peritoneal attachment usually contains
the cystic artery. The mesenteric attachment shortens as it moves from the neck to
the body and covers the gallbladder fossa. The mucosa on the inner wall of the neck
contains oblique folds, which are continuous with the spiral mucosal folds in the
cystic duct [12]. The neck of the gallbladder expands laterally to form the body. The

hepatoduodenal
ligament

@ common bile duct

@ portal vein

@ proper hepatic artery |

Figure 2.
The hepatoduodenal ligament and its contents [6].
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expansion site is associated with gallstone disease and is called “Hartmann’s pouch.”
The neck of the gallbladder is located in front of the descending part, the second part
of the duodenum.

The bulbous fundus of the gallbladder is located at the lateral end of the corpus
and usually crosses the inferior margin of the liver and contacts the parietal peri-
toneum on the abdominal wall behind the ninth costal cartilage, at the lateral edge
of the right rectus abdominis. This area is examined in the clinical examination of
gallbladder enlargement. The gallbladder is posteroinferiorly adjacent to the duode-
num as well as the transverse colon and sometimes the inferior vena cava.

The gallbladder is usually supplied by the cystic artery branching from the right
hepatic artery. Venous drainage occurs via numerous, small, unnamed veins to the
portal venous system. Lymphatic drainage occurs to the lymph nodes in the porta
hepatis and then to the preaortic lymph nodes in the celiac axis.

The gallbladder is histologically composed of three layers. The outermost serous
layer is formed by the peritoneum and is usually lost where the gallbladder contacts the
liver and is replaced by a connective tissue. Microscopic bile ductules (radicles, ducts of
Luschka) may extend from the intrahepatic bile ducts into this connective tissue. The
innermost mucosal layer consists of columnar epithelium and has both absorption and
mucus-secretory functions. The inner surface of the gallbladder is surrounded by thin
folds that become prominent during contraction. The mucosa protrudes into the outer
layers in sacs, forming the Rokitansky-Aschoff sinuses. These can be associated with
disease and are found in most adults. The mucosa of the gallbladder is continuous with
the mucosa of the cystic duct. The mucosa is lifted by spiral folds (Heister valves). The
intervening muscular layer comprises circular, longitudinal, and obliquely oriented
muscle fibers and surrounding connective tissue. The muscular layer also continues in
the wall of the cystic duct but not in the wall of the bile ducts.

The size and shape of the gallbladder is variable. The fundus may be elongated and
highly mobile. Rarely, the fundus curves over the corpus and is called a Phrygian cap,
which may be misinterpreted on ultrasonographic examination as the presence of a
septum. Other variations of the gallbladder include agenesis, duplication, the pres-
ence of double cystic duct, internal septation, and ectopic localization [13]. Boyden
[14] and Harlaftis et al. classified gallbladder variations as Type 1 and Type 2, which
were further subdivided (Figure 3) [15, 16]

Although variations of the gallbladder are rare, they are very important in patients
requiring surgery for gallbladder diseases or gallstones [17, 18].

4. Intrahepatic biliary tract

The left half of the liver has segmental ducts with a relatively constant pattern,
and one segmental duct can drain more than one segment. The left hepatic duct is
formed by the fusion of segment I and segment III ducts and is located posterior or
to the left of the umbilical portion of the left portal vein. Bile drainage of segment IV
varies but is accomplished by a single duct that opens into the left hepatic duct. The
right hepatic duct is formed by the union of the right anterior (medial) and posterior
(lateral) sectoral ducts. The right anterior (medial) sectoral duct drains segments V
and VIII, and the right posterior (lateral) sectoral duct drains segments VI and VII.
The right posterior sectoral duct usually bends on the posterior aspect of the right
anterior duct and converges medially. This is called Hjortsd’s crook and is an impor-
tant condition to be considered during liver resection.
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Type | (Split Primordium Group)

Septate V shaped (Bilobed) Y Shaped

Type Il (Accessory Gallbladder Group)

4

H Type (Ductular) Trabecular T

Figure 3.
Variations of the gallbladder.

The right hepatic duct and its branches show more variations than the left ductal
system [19]. They are divided into six main groups. Left intrahepatic ductal variations
are mostly related to the drainage pattern of segment I'V. This segmental duct usually
drains into the left hepatic duct but can sometimes open into the segment II or even
III duct, the right anterior sectoral duct, or even the common hepatic duct [20].

A bile duct from segment V of the liver, described by Luschka, may pass through
the fossa of the gallbladder and open into the right hepatic duct or its anterior sectoral
branch, the common hepatic duct, or, rarely, the cystic duct. These ducts, classified as
Luschka’s ducts, occur in 30% of the population in various sizes, whereas ducts 1 to 2
mm in diameter have a prevalence of only 5% [21]. Damage to these variational ducts
during cholecystectomy can cause postoperative complications such as bile leakage.

5. Extrahepatic biliary tract

After leaving the liver, the right and left hepatic ducts merge at the right edge of
the porta hepatis to form the common hepatic duct (Figure 4). The extrahepatic right
duct is short (0.5 to 2.0 cm in adults) and vertically oriented. The extrahepatic left
duct is longer (1.5 to 3.5 cm) and more horizontal, lying on the inferior margin of
segment IV. Access to the extrahepatic segment of the left hepatic duct is important
during surgical biliary bypass for benign hilar bile duct strictures.

6



The Gallbladder and Extrahepatic Biliary Tract: Anatomy and Variations
DOI: http://dx.doi.org/10.5772/intechopen.1002045

Caudate process
- '
Fissure Jor /' Suprarenal impression
the vena * / s
Tuber g 7 B e

M\
'R omentale Papillary
Fissure Jor  process
e ducties

), ‘. - Right sagittal
-vrmm: § N s . -‘\ ": fissure

:‘) Cul margin
o] peritoneum

Left sagittul fissure

/l'flll"ﬁl.* al ¥

V/ \
Umbilical notch fissure  Porta  Fissure for the Duodenal impression
he putis gall-bladder

Figure 4.
Porta hepatis and its content [22].

A

Figure 5.
Formation of the common hepatic duct. A: normal case; B: cystohepatic junction with aberrant common hepatic
duct formation.

After leaving the liver, the right and left hepatic ducts merge 2.5 to 25 mm from the
liver parenchyma to form the common hepatic duct. The left hepatic duct has a longer
extrahepatic course than the right hepatic duct (17 and 9 mm, respectively). In some
cases, the junction may remain within the liver parenchyma as the liver enlarges. The
length of the common hepatic duct can vary considerably (15 to 35 mm). Sometimes,
the cystic duct may open at the junction of the right and left hepatic ducts to form
the common bile duct (Figure 5B). Three types of cystohepatic junction have been
classified as angular, parallel, and spiral.
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In adults, the common hepatic duct is 3 cm long and is obliquely joined to the
cystic duct on the right side and is called the common bile duct. The common hepatic
duct is located to the right of the hepatic artery and anterior to the portal vein within
the hepatoduodenal ligament. In adults, the normal common hepatic duct lumen
diameter is less than 5 mm in ultrasound measurements.

The cystic duct drains the gallbladder into the common bile duct (Figure 6). It
has alength of 2 to 4 cm and a lumen diameter of 2 to 3 mm in adults [12]. With its
tortuous structure, it passes through the posterior and medial part of the neck of the
gallbladder, merges with the common hepatic duct, and forms the common bile duct.
The junction of the cystic duct with the common hepatic duct varies. In most people,
it opens into the middle third of the total length of the common hepatic and com-
mon bile ducts, but it may open more distally or more proximally (into the common
hepatic duct or the right hepatic duct). It usually opens to the medial surface of the
common hepatic duct but may also join medially, anteriorly, or posteriorly.

The cystic duct usually forms an oblique angle at its junction with the common
hepatic duct, but sometimes it may make a spiral turn around it, or it may descend
parallel to it for a while and merge within the hepatoduodenal ligament.

The cystic duct may rarely be double or absent or may take an abnormal hepatic
duct from segment V of the liver. These variations are very important for surgical
interventions such as cholecystectomy, and in cases where the anatomy is not clear
enough, it is important to detect them with a cholangiogram before the operation.
The cystic duct should be occluded away from the common bile duct during cholecys-
tectomy without damaging the common bile duct.

Right hepatic duct Left hepatic duct
Cystic duct

Neck of gallbladder

Common hepatic duct

Mucosa with folds

Body Common bile duct

Pancreatic duct

Figure 6.
Extrahepatic biliary tract anatomy [23].
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Figure7.
Hepatobiliary (blue) and Calot’s (green) triangles. LHA, left hepatic artery; RHA, right hepatic artery; PHA,
proper hepatic artery; CA, cystic artery.

The triangular area formed by the cystic duct, the common hepatic duct, and the
lower surface of the liver is called the hepatobiliary triangle (Figure 7, blue triangle).
This triangle is often confused with Calot’s triangle (Figure 7, green triangle), an
isosceles triangle with the common hepatic duct forming the base and the cystic
artery and cystic duct forming the sides [24]. The hepatobiliary triangle is bridged by
a two-layered peritoneum that forms the short and diverse mesentery of the cystic
duct. Between the two sheets of the peritoneum are various amounts of adipose
tissue, lymph vessels, cystic lymph node, autonomic nerves, and the cystic artery,
which usually extends from the right hepatic artery to the gallbladder. Sometimes,
an accessory bile duct can also be seen here. A good understanding of the anatomy of
the biliary or arterial structures involved in the structure of the triangle is crucial to
preventing damage to the common hepatic duct, common bile duct, or right hepatic
artery during cholecystectomy [25, 26].

The common bile duct is formed close to the porta hepatis by the union of the
cystic duct and the common hepatic duct. In adults, the duct is usually 6 to 8 cm in
length, with a luminal diameter of less than 7 mm measured by ultrasound [27]. The
diameter changes with age (3.6 mm under 60 years, 4 mm over 80 years). The com-
mon bile duct can be divided into three segments: supraduodenal, retroduodenal,
and pancreatic segments. The supraduodenal segment descends posteriorly and
slightly to the left, anterior to the epiploic foramen and inferior vena cava, to the
right of the hepatic artery on the free right margin of the lesser omentum, and to the
right-anterior to the portal vein. This segment is the most surgically accessible part
of the common bile duct. The retroduodenal segment is located behind the first part
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of the duodenum to the right of the gastroduodenal artery. The pancreatic segment
lies in a groove behind the head of the pancreas. Here, it is embedded in the gland to
varying degrees. It runs in front of the right renal vein 2 cm from the second part of
the duodenum. The posterior superior pancreaticoduodenal branch of the gastroduo-
denal artery descends anterior to the retroduodenal portion of the common bile duct.
When it crosses the upper edge of the pancreas, the artery winds around the common
bile duct.

The common bile duct runs down and medially behind the head of the pancreas,
approaching the medial end of the main pancreatic duct. Together, the two ducts
enter the wall of the second part of the duodenum and form a short duct, 2 to 10
mm long. This duct opens into the medial wall of the second part of the duodenum
through the major duodenal papilla after an expansion called the hepatopancreatic
ampulla (of Vater). Clinically, this region is called the pancreaticobiliary junction.
Sometimes, the two ducts may merge before entering the duodenum to form a long
common duct, but sometimes, they resist the duodenum separated from each other by
aseptum (Figure 8).

In the terminal 5 to 10 mm of the common bile duct and main pancreatic duct,
the mucosa has plicae with a complex circular organization. Their distribution and
orientation are known to prevent the reflux of duodenal contents into the ducts and
cause difficulty in the cannulation of the major duodenal papilla during endoscopic
retrograde cholangiopancreatography (ERCP).

The common bile duct (bile duct sphincter), the main pancreatic duct (pan-
creatic duct sphincter), and the hepatopancreatic ampulla (sphincter of Oddi) are
surrounded by complexly organized circular smooth muscle fibers. This sphincter
muscle complex is 15 to 20 mm in length and is located within the duodenal wall but
is anatomically and developmentally separate from the surrounding duodenal muscle
fibers. The sphincter complex regulates the passage of pancreatic secretions and
bile into the duodenum and prevents the reflux of duodenal contents into the ductal

Hepatic Somsan
Portal Vein "f::;c

Common :
Plicae . Main
Circulares Bile Duct Pancreatic
Major Buct
Duodenal
Papilla

Mesenteric
Artery & Vein

Figure 8.
Common bile duct and duodenum [28].
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system. Cholecystokinin (CKK) inhibits the sphincter and causes contraction of the
gallbladder. During ERCP, it may be necessary to divide the upper part of the sphinc-
ter of Oddi (sphincterotomy) to access the common bile duct. The pancreaticobiliary
connection can be affected by various congenital and acquired diseases. An abnormal
junction of the bile and pancreatic ducts can lead to congenital bile duct dilatation,
recurrent pancreatitis, and/or gallbladder cancers. Gallstone obstructions and peri-
ampullary tumors are pathologies that can occur later.

The innervation of the gallbladder and extrahepatic biliary tract is mediated by
branches from the hepatic plexus. Parasympathetic fibers from the vagus nerve as
well as CKK cause contractions of the gallbladder. Postganglionic sympathetic fibers
from the coeliac and superior mesenteric ganglia cause inhibition of the smooth
muscles of the gallbladder. On the other hand, these sympathetic fibers receive
the pain sensation of the gallbladder and carry it to the seventh and ninth (T7-T9)
spinal cord segments via the central extensions of the neurons forming the greater
and lesser splanchnic nerves. Visceral pain of the gallbladder radiates to the right
hypochondrium and epigastrium and may be felt in the back below the right scapula.
Involvement of the parietal peritoneum surrounding the gallbladder causes localized
pain in the right upper quadrant.

Lymphatic drainage of the gallbladder and cystic duct occurs first to the cystic
node above the cystic duct in the hepatobiliary triangle, then to the lymph nodes at
the free edge of the lesser omentum, and then to the coeliac lymph nodes along the
common hepatic artery. Some lymph also drains around the common bile duct to the
superior pancreaticoduodenal node, which is connected to the para-aortic nodes,
and to the superior mesenteric lymph nodes. Lymph from the part of the gallbladder
adjacent to the liver passes into the intrahepatic lymph vessels [29].

6. Conclusion

Changing lifestyles and diets have led to an increase in clinical conditions related
to the gallbladder and biliary tract. Since gallstone-related disorders affect the main
pancreatic duct as well as the bile ducts, cholecystectomy gains importance as a
permanent and effective solution. A good knowledge of the anatomy of the gallblad-
der and bile ducts is essential for a successful and uncomplicated surgery. In addition
to basic knowledge of the anatomy of the biliary tract, intraoperative evaluation
prevents possible injuries [30, 31]. The advantages of laparoscopic cholecystectomy
such as minimal intervention and rapid recovery are limited by the complications that
may be caused by anatomic variations. Therefore, both surgical intervention and the
development of new treatment modalities can only be possible by transferring the
current knowledge in the most accurate and broadest way.
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Chapter?2

Gallbladder Position Anomalies:
Clinical Impacts and Management

Musefa Redwan

Abstract

Gallbladder position anomalies are rare. Normally, the gallbladder is located at the
inferior surface of the right lobe of the liver between segments IV and V, covered by the
peritoneum, and attached to the liver by its mesentery in the gall bladder fossa. Any posi-
tion other than this is defined as a gallbladder position anomaly. Gallbladder ectopia vari-
ants may include floating, intrahepatic, retroperitoneal, and left-sided gallbladder, among
others. According to some literature, floating gallbladder is the most common among
these anomalies, occurring in 4.6% of population; however, there is no clear and adequate
data on incidence and variants of gallbladder position anomalies. Because of their rare
occurrence and lack of specific clinical and imaging features, their possible presence and
clinical sequelae are not usually considered in clinical practice. This results in delayed
diagnosis and treatment of sequelae, such as in gallbladder volvulus (GBV). Similarly,
gallbladder position and associated biliary tree and vascular anomalies should be identi-
fied during the preoperative period. Failing to do this may have devastating outcomes.
Though clinical impacts and management of gallbladder position anomalies are explained
in some literature, they are not well covered by most of the currently available surgical
books. To fill this gap, this chapter discusses the embryology, variants, prevalence, clinical
impacts, and management of ectopic gallbladder as well as ways to increase the rate of
preoperative diagnosis and methods to decrease adverse outcomes and morbidity.

Keywords: gallbladder position anomalies, gallbladder malpositions, gallbladder
ectopia, gallbladder volvulus, gallbladder hernia, laparoscopic cholecystectomy

1. Introduction

Gallbladder position anomalies are rare [1, 2]. Normally, the gallbladder is
located at the inferior surface of the right lobe of the liver between hepatic segments
IV and V. It is covered by the peritoneum and adhered to the liver by its mesentery in
gall bladder fossa at cantle’s line to the right of the falciform ligament. Any position
other than this is defined as gallbladder malposition [2, 3]. Gallbladder ectopia vari-
ants may include floating, intrahepatic, retroperitoneal, and left-sided gallbladder
[2, 4]. According to some literature, floating gallbladder is the most common among
these anomalies, occurring in 4.6% of population [5]; however, there is no clear and
adequate data on incidence and variants of gallbladder position anomalies [1-4, 6].
Floating gallbladder may result in volvulus in the presence of precipitating factors
[5, 7]. The clinical impacts of ectopic gallbladder include [8]:
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misdiagnosis of common gallbladder pathologies due to malposition or misdiagno-
sis of gallbladder volvulus (GBV) as acute cholecystitis

* confusion in interpretation of diagnostic imaging
* associated biliary tree and vascular anomalies
* technical difficulties during surgery

Because of their rare occurrence as well as lack of specific clinical and imaging
features, the possible presence and clinical sequelae of gallbladder position anomalies
are not usually considered in clinical practice. This results in delayed diagnosis and
treatment of sequelae, as in GBV [6, 7]. Gallbladder position and associated biliary
tree and vascular anomalies should be identified preoperatively. Failing to do so
may have devastating outcomes, such as biliary duct injury or major vascular injury
with hepatic necrosis. Even though preoperative diagnosis of position anomalies is
possible with magnetic resonance cholangiopancreatography (MRCP), most are still
being diagnosed intraoperatively. Adequate knowledge of these anatomical variants
of the gallbladder will help modify techniques like laparoscopic cholecystectomy and
prevent injury in the presence of biliary tree and vascular anomalies. This chapter
reviews gallbladder embryology, anatomy, position anomaly variants, pathogenesis,
clinical significance, and treatment.

2. Anatomy and embryology of the biliary system
2.1 Embryology of the biliary tree
The hepatobiliary system develops as an endodermal outgrowth from the

ventral surface of the distal fore gut when the embryo is 3 mm in size (approxi-
mately 4th week of gestation) (Figure 1A). This outgrowth is called the hepatic

Q‘} . A‘;- o o g 2
a ‘ X Galibladder
(ialingsckinr Dworyal

pang raatic B
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Figure 1.
Hepato biliary system development. A. At 5th week of development showimg cranial ¢ caudal hepatic buds.
(taken from Sahu and Yang) [9].
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diverticulum. With further proliferation, when the embryo is 5 mm in size
(approximately early 5th week of gestation), the hepatic diverticulum divides into
larger cranial and smaller caudal buds. The cranial bud is called pars hepatica,
which will differentiate into liver and intrahepatic ducts, and the caudal bud is
called pars cystica, which will further differentiate into superior and inferior buds.
The superior bud differentiated gallbladder and the cystic duct and inferior bud
gives ventral pancreas (Figure 1B). At about 32 days of gestation, the primordial
gallbladder and common bile duct (CBD) appear. When the embryo is 7-9 mm
(approximately 6th week of gestation), the gallbladder and cystic duct emerge
and connect with the CBD, forming the liver and intrahepatic ducts. Bile starts
to drain to the duodenum when the embryo is 12 mm (8th week of gestation).
Initially, the gallbladder precursor attaches to the ventral surface of the duodenal
precursor, with differential growth rotation to the right occurring at this stage
bringing about attachment to the dorsal aspect of the duodenum. This results in
the gallbladder precursor lying at the free edge of the ventral mesentery. Further
differential growth makes the gallbladder migrate to the anterior inferior surface of
the right hepatic lobe where it become intrahepatic. At 12 mm (approximately 8th
week of gestation), the gallbladder migrates, becomes extrahepatic, and attaches
to the anterior inferior surface of the liver between hepatic segments IV and V.
The ventral mesentery that lies between the liver and foregut will develop into a
gastrohepatic and hepatoduodenal ligament. That lies between Liver & anterior
abdominal wall will persist as falcifarum ligament, contains obliterated umbili-
cal vein (ligamentum teres) in its free edge. When the embryo is 6 mm in size
(approximately early 5th week of gestation), the developing liver is supplied by two
blood vessels: the right and left umbilical veins. The left umbilical vein becomes
one of the afferent vessels to the liver, but the right umbilical vein atrophies when
the embryo is 7 mm (at the end of 5th week of gestation). The left umbilical vein
is later obliterated and becomes the falciform ligament, and the typical umbilical
portion of the main portal vein is formed [9, 10].

If any disruption occurs during migration, gallbladder position variations may
occur.

1.1f any disruption occurs during gallbladder migration from the free edge of the
ventral mesentery to the right lobe of the liver, the gallbladder may poorly attach
to the liver or not attach at all, resulting in floating gallbladder or halting of gall-
bladder migration in the lesser omentum, mesocolon, abdominal wall/falciform
ligament, retroduodenal area, and so on.

2.Failure of the gallbladder to migrate from the intrahepatic to extrahepatic sur-
face at the 8th week of gestation may result in intrahepatic gallbladder.

3.The gallbladder may migrate to the left hepatic lobe rather than the right hepatic
lobe, resulting in left-sided gallbladder.

4.1f left umbilical vein atrophy and right umbilical vein persists, right left
sided gallbladder will be formed. The persistent right umbilical vein may
also be associated with atrophy or hypoplasia or agenesis of the right lobe of
the liver with the consequence of retrohepatic or subdiaphragmatic gallbladder
[1-3, 10-13].
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fundus

Figure 2.
Anatomical parts of gallbladder.

2.2 Gross anatomy of the gallbladder

The gallbladder is a pear-shaped organ located under the anterior inferior surface
of the right lobe of the liver. It is adhered to the liver obliquely in the gallbladder
fossa with the fundus extended anterolaterally and the neck extended inferomedially
cranially and caudally, respectively. The gallbladder is 7-10-cm long, 3-4-cm wide,
and 3-mm thick. Normally, it stores about 30-50 ml of bile, but it can accommodate
up to 300 ml in its full distension. The anatomic parts of the gallbladder include
the fundus, body, infundibulum, and neck. The fundus is the part of gallbladder
that protrudes beyond the inferior surface of the liver. The part of the gallbladder
between the fundus and infundibulum is the body. The tapering part from the body
to the neck is the infundibulum. The neck connects the gallbladder with the hepatic
duct through the cystic duct (Figure 2). Arterial supply is cystic artery from right
hepatic artery. Cystic veins drain directly to portal veins. Lymphatic drainage is to
the cystic lymph node at the gallbladder neck. Parasympathetic innervation is from
the hepatic branch of the vagus nerve and sympathetic supply is from the hepatic
and celiac plexus [13, 14].
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2.3 Variants, epidemiology, and etiopathogenesis of gallbladder position
anomalies

The gallbladder is normally located at the inferior surface of the liver between
hepatic segments IV and V [1, 2, 15]. The gallbladder’s fundus and body are covered
by the peritoneum and adhered to the liver with loose connective tissue [1]. Any posi-
tion or attachment other than this is defined as gallbladder malposition [1, 2, 13].

Gallbladder position anomalies are rarely occurring conditions, with an incidence
of 0.1-0.7% [1, 6, 16]. More commonly occurring position anomalies as reported in
the literature include floating gallbladder, left-sided gallbladder, intrahepatic gall-
bladder, and retro displaced gallbladders.

Relatively rarely occurring position anomalies include anterior abdominal wall,
falciform ligament, mesocolon, lesser omentum, retrodoudenal, retrorenal, and
retropancreatic gallbladders, among others [2, 8]. Some literature has concluded
that left-sided gallbladder is the most common gallbladder position anomaly with an
incidence of 0.1-0.7% based on a single-center retrospective review of gallbladder posi-
tion anomalies found on laparoscopic cholecystectomy and the prevalence in patients
evaluated by imaging [6, 17, 18]. However, Sreekanth et al. [13] performed dissection on
45 cadavers to determine incidence of floating gallbladder and reported an incidence of
4.4%. In addition, since the first reported case of left-sided gallbladder by Hochstetter
[19] in 1886 and GBV by Wendel [20] in 1896, there have only been 150 and 500 cases
of these conditions, respectively. Based on these figures, the most commonly occurring
gallbladder malposition is floating gallbladder, which occurs in 5% of the population [5,
7,13]. Left-sided gallbladder is the second most common anomaly, with an incidence
of 0.1-1.2% [3, 4, 17]. The third most commonly occurring malposition is intrahepatic
gallbladder [4, 11, 15]. Because sample sizes are small, these studies may not reflect
true incidence. Hence, to determine true incidence, cadaver dissection or MRCP-based
multicenter, prospective randomized clinical trials should be conducted.

2.3.1 Floating gallbladder

A floating gallbladder is a freely mobile gallbladder in the peritoneal cavity due to
poor attachment of the gallbladder mesentery to the liver. Four subvariants of floating
gallbladder are described in the literature [5, 7]. In type 1, there is no mesenteric attach-
ment with the liver except at the gallbladder’ cystic duct and artery. In type 2, there is
mesenteric attachment between the gallbladder’s body, fundus, and cystic duct with the
liver, but the gallbladder is long, redundant, and tortuous. This allows for the gallbladder
to wander around and it may end up in the pelvis, left upper quadrant, or anterior to the
spine. In type 3, there is a freely mobile fundus, which may result in gallbladder fundus
torsion. Types 1-3 are congenital conditions. In type 4, poor gallbladder mesenteric
attachment may occur, as in cases of liver atrophy or cirrhosis, peritoneal fat loss second-
ary to aging, and weight loss [7, 13, 20, 21]. These abnormal attachments predispose the
gallbladder to torsion, herniation, strangulation, and increased stone formation [22-39].

2.3.2 Left-sided gallbladder

Left-sided gallbladder is a rare malposition. It was first identified in 1886 by
Hochstetter, and since then only 150 cases have been reported worldwide [3, 19]. The
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left-sided gallbladder is an anatomical variant in which the gallbladder is attached

to the inferior surface of the left lobe of the liver to the left of the falciform ligament
[10, 12, 14, 15, 40, 41]. Its prevalence is estimated to be 0.04-1.1% [3, 6, 22]. It is
more common in females than males with a ratio of 2:1 [3] and the majority of cases
are reported in Japan and Australia[]. According to current classification, there are
three subtypes of left-sided gallbladder. Type 1 is called situs inversus viscerum. In
this case, the gallbladder is found in the left upper quadrant of the liver. This condi-
tion is very rare. Type 2 is true left-sided gallbladder, also called sinistroposition. In
this case, the gallbladder is found attached to the left lobe of the liver under hepatic
segment III to the left of the falciform ligament. The exact etiology for this anomaly is
not known, but there are three likely explanations. The first is the hypothesis that the
gallbladder abnormally migrates from right to left. In this case, the cystic duct crosses
the CBD to join at the right side. The second hypothesis is that an accessory gallblad-
der develops from the left duct and the main gallbladder either atrophies or fails to
develop. In this case, the cystic duct joins the hepatic duct from the left side. In both
cases, the cystic artery crosses the bile duct from right to left to supply the gallblad-
der. In true left-sided gallbladder, there is no associated intrahepatic vascular or duct
anomalies. In the third hypothesis, the quadrate lobe of the liver fails to develop.

3. Right left-sided gallbladder is also called medio position or false left-sided
gallbladder. In this case, the gallbladder is located normally, but the falciform liga-
ment is abnormally located to the right of the gallbladder. During development, the
right umbilical vein atrophies at the 6th week of gestation and the left umbilical vein
is obliterated later and persists as the falciform ligament. If developmental disruption
occurs to cause atrophy of the left umbilical vein and persistence of the right umbili-
cal vein as the falciform ligament on the right side of the gallbladder, it falsely seems
that the gallbladder is left sided [11, 22-24].

Associated anomalies with left-sided gallbladder include hepato-pancreatico-
biliary (HPB) system, gastrointestinal system (GIS), and genitourinary system
(GUS) anomalies. HPB anomalies occur more commonly than others and may include
portal vein, bile duct, hepatic vein, and hepatic artery anomalies as well as hepatic
segment IV atrophy and congenital hepatic cysts [3]. Portal vein anomalies include
trifurcation, bifurcation, and other anomalies. Cystic duct anomalies in left-sided
gallbladder may involve the cystic duct joining the right hepatic duct in 7.6% of cases,
the left hepatic duct in 9.5% of cases, and the accessory duct in 2.4% of cases. The
cystic duct joins the CBD from the right side in 65% of cases and from the left side in
9.5% of cases [42]. Other associated anomalies may include bile duct duplication, bile
duct confluence in the umbilical fissure located to the left of the umbilical portion
of the portal vein, and preduodenal portal vein, hepatic artery, and CBD anomalies.
Annular pancreas, intestinal malrotation, and mobile right-sided colon are present
[3]. Without considering situs inversus, 83% of left-sided gallbladder cases are true
left-sided gallbladder and 16% are right left-sided gallbladder. The former has no
associated vascular or biliary duct anomalies; rather, Calot’s triangle is disrupted.

The latter has associated vascular and duct anomalies. Almost all right left-sided
gallbladders have portal vein and biliary duct anomalies, and 20% have hepatic vein
anomalies [3, 6].

2.3.3 Intrahepatic gallbladder

An intrahepatic gallbladder is a completely or partially embedded gallbladder in
hepatic parenchyma. In normal development, the gallbladder is expected to migrate
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from an intrahepatic to extrahepatic location during the 8th week of gestation.
Failure of this migration results in intrahepatic gallbladder, which is considered as
developmental position arrest. Its estimated incidence ranges between 0.1 and 0.7%
[8, 10]. Though its etiology is not clearly known, developmental disruption of the
differential growth of the hepatic bud is a possible cause of intrahepatic gallbladder.
During development, the growth and differentiation of the hepatic bud is controlled
by different transcription pathways. Any disruption in these pathways may result in
position anomalies. If the caudal bud (pars cystica) grows beyond the cranial bud, the
gallbladder may be buried in the hepatic parenchyma [8, 10, 13].

2.3.4 Retvo position gallbladder

Types of retro position gallbladder include subhepatic, retrohepatic, and ret-
roperitoneal gallbladder, all of which are rare conditions. Retrohepatic gallbladder
is usually associated with marked atrophy of the right hepatic lobe or agenesis and
anomalies of the right hepatic vein and portal vein [1, 4].

2.3.5 Mesocolic gallbladder

Mesocolic gallbladder is very rare. In one patient, Teke et al. [2] discovered the
gallbladder embedded deeply within the proximal portion of the transverse mesoco-
lon. Etiology is not clearly known, but it seems a gallbladder poorly attached to the
free edge of the ventral mesentery during development results in failure of develop-
mental gallbladder migration to the gallbladder fossa [2].

2.4 Clinical impacts of gallbladder position anomalies
The clinical significance of ectopic gallbladder may include the following:
* increased relative risk of cholelethiasis and its complications
* clinical confusion or misdiagnosis
* imaging misinterpretation
* increased associated biliary tree and vascular anomalies
* technical challenges during cholecystectomy

An ectopic gallbladder usually has poor function and a long narrow or curved cys-
tic duct, which results in bile stasis and stone formation. Due to stasis, patients with
ectopic gallbladder are more prone to develop complications like acute cholecystitis,
gangrenous gallbladder, gallbladder empyema, perforation, peritonitis, and so on
[1-7, 10]. Since there are no specific symptoms and signs for gallbladder malposition,
it is usually diagnosed intraoperatively during laparoscopic cholecystectomy. Rarely,
it may be diagnosed during preoperative evaluation for hepatic surgery. The preva-
lence of stones in an ectopic gallbladder may reach up to 60% [8, 10], which is higher
than the 15-20% prevalence of stones in a normally located gallbladder. Most of these
patients present with biliary colic or acute cholecystitis and its complications. Since
the origin of nerves supply for ectopic gallbladder is not changed, these patients have
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similar clinical features with normal anatomical variants of gallbladder. They present
with right upper abdomen pain that radiates to the shoulder and associated nausea,
vomiting, and fever [3, 8]. Sometimes some gallbladder ectopia may pose clinical
confusion. For example, retroperitoneal or retrohepatic gallbladders with acute cho-
lecystitis may have costovertebral angle tenderness instead of typical right abdominal
pain, which leads to misdiagnosis of gallbladder ectopia as acute pyelonephritis [1, 2].
Delayed diagnosis and intervention may result in retroperitoneal gallbladder perfora-
tion with accumulation of bile or abscess, which may be misinterpreted as perinephric
abscess during imaging [1].

The clinical sequelae of floating gallbladder includes GBV, gallbladder herniation,
and gallbladder strangulation by the tip of the omentum.

GBV is a rare clinical condition; only about 500 cases have been reported since the
first case reported by Wendel in 1896 [20]. Its incidence is estimated to be 1 in 365,520
hospital admissions [7, 21]. It is more common in females than males with a 3:1 ratio
[7, 21, 22]. GBV is defined as twisting of the gallbladder with mesentery along its
longitudinal axis [7, 20-22]. Its etiology is not known, but anomalous gallbladder
mesentery attachment with liver seems to be a predisposing factor [7, 21, 22].

Additional predisposing factors include old age, weight loss, cirrhosis, kyphosis,
vigorous adjacent gastrointestinal peristalsis, cystic artery atherosclerosis, and
abnormally high insertion of cystic duct. Even though GBV can occur at any age, it
usually occurs in those aged between 60 and 80 years [7, 22, 33-39]. This is due to
increased loss of mesenteric fat and tissue elasticity in the elderly, which resultsin a
freely mobile gallbladder. Kyphosis will increase the anteroposterior diameter of the
abdomen, conferring adequate space for a wandering gallbladder to be twisted. The
direction of torsion could be clockwise or counterclockwise; both occur with equal
frequency. The direction of the twist is likely determined by the origin of vigorous
peristalsis. Gastric and transverse colon peristalsis result in clockwise and counter-
clockwise directions, respectively. Based on degree of rotation, GBV can be classi-
fied as either complete (>180 degrees) or incomplete (<180 degrees) [7, 21, 33-39].
This classification has clinical importance. The former presents with acute onset of
symptoms and short duration, whereas the latter present presents with intermittent
symptoms of relatively long duration [7, 21, 22].

Because they are both rare and share similar clinical presentations, GBV is often
misdiagnosed as calculous acute cholecystitis. Nowadays, about 75% of GBV cases are
diagnosed intraoperatively. Late diagnosis and surgical intervention are associated
with an increased mortality rate of 6% and thus preoperative diagnosis is recom-
mended to decrease mortality and morbidity [7, 33-39].

2.4.1 Gallbladder herniation

Wandering gallbladder may herniate into foramen of Winslow (lesser sac). For
example, in one review of six cases [23], floating gallbladder herniated into the lesser
sac; half of patients had hernia with GBV and half did not have GBV. Kim et al. [5]
reviewed fourteen cases and reported only four cases of gallbladder herniation with
GBYV; the remaining ten cases had gallbladder herniation with acute cholecystitis.
Floating gallbladder may herniate into anterior abdominal wall defects [25, 27-32],
most commonly parastomal gallbladder herniation [29]. Unusual gallbladder hernia-
tions are also reported in the literature. For example, [31] reported a case of Spigelian
gallbladder hernia, [27] reported a case of inguinal gallbladder hernia, and [28]
reported a case of femoral gallbladder hernia. Another possible gallbladder hernia
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is to the thorax [32]. Almost all gallbladder hernias are diagnosed intraoperatively.
Floating gallbladder may also be strangulated by the tip of the omentum, which is
attached to the anterior abdominal wall [25]. Female gender and old age are sole risk
factors. The complications of gallbladder herniation include gallbladder torsion,
cholecystitis, Mirizzi syndrome, incarceration, and ischemia [27-32, 43].

Intrahepatic gallbladder may mimic liver or cystic masses during diagnostic imag-
ing, which results in extended investigation and delay in diagnosis. This delay may
cause intrahepatic gallbladder perforation and liver abscess that may be considered
as a hydatid cyst during imaging [8, 10, 44, 45]. Laparoscopic cholecystectomy in
intrahepatic gallbladder is challenging because it requires hepatotomy. Intrahepatic
gallbladder should be diagnosed in the preoperative period before any hepatic
surgery. Failure to do so may result in gallbladder and biliary tree injury with postop-
erative bile leak [44, 45].

Gallbladder position anomalies pose technical challenges during standard laparo-
scopic cholecystectomy. Malposition changes the normal position of Calot’s triangle,
which changes the normal relationship of the gallbladder and biliary tree. Thus,
safe dissection techniques are not practical here without modifications. Patients
with gallbladder malposition also have increased rates of associated biliary tree and
vascular anomalies. Due to both technical challenges and associated anomalies,
laparoscopic cholecystectomy is associated with high rates of bile duct injury, rang-
ing from 4.4 to 7.3%; in normally located gallbladders, the rate of bile duct injury is
0.7% [44-48].

2.5 Diagnosis and management

Most patients with gallbladder malposition are diagnosed intraoperatively dur-
ing surgery for symptomatic cholelithiasis and its complications or HPB surgery.
Preoperative diagnosis will help in planning and delivering safe surgical treatment.
This is not possible during management of patients with biliary colic or its complica-
tions because initial imaging modalities like ultrasound (US) are enough to give treat-
ment. However, US is not good at detecting ectopic gallbladder; its positive predictive
value is only 2.7% [18]. So, surgeons should have sound knowledge of anatomical
variants of the gallbladder and biliary tree. Its intraoperative identification is the
mainstay of prevention of complications. The gold standard investigation modal-
ity for gallbladder malposition is MRCP [18, 47, 48], thus all patients scheduled for
hepatic surgery should be evaluated for gallbladder position anomalies and associated
biliary duct, vascular, and other anomalies using MRCP.

2.5.1 Left-sided gallbladder

Patients with left-sided gallbladder usually present with biliary colic or acute
cholecystitis, and diagnosis is made intraoperatively. Typically, patients undergo pre-
operative US that detects gallbladder stones but fails to detect the position anomaly.
Whenever cystic lesion are found in an atypical location and the gallbladder is not
found in its normal location, the possibility of ectopic gallbladder should be con-
sidered and computed tomography (CT) or MRCP evaluation should be performed
[18, 26, 40—42]. CT will show the gallbladder located to the left of the round ligament
with a positive predictive value of 60% [18]. MRCP will detect the position anomaly
and associated biliary duct anomalies. Associated vascular anomalies require CT
angiography.
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2.5.2 Gallbladder volvulus

Nowadays only 26% of gallbladder torsions are diagnosed preoperatively [7, 21].
This is because of their rare prevalence and similar clinical presentation to a common
gallbladder pathology, acute cholecystitis. Similarly, there are no specific radiology
features during initial imaging.

Ultrasound. Multidetector computed tomography (MDCT) and magnetic
resonance imaging (MRI) have better sensitivity and specificity, but are not cost
effective in emergency situations. A high level of suspicion is important to diagnose
these patients early. The typical patient with gallbladder torsion is a cachectic and
kyphotic elderly woman, aged 60-80 years, presenting with right upper abdomen
pain, nausea, and vomiting. On examination, vital signs are stable, and the patient is
nonestrous and nontoxic with a globular mass in the right upper abdomen [7, 21-23,
33, 43]. Laboratory studies will show leukocytosis and elevated c-reactive protein
(CRP). Even though they are usually missed, there are features on US, including an
enlarged and distended gallbladder with increased wall thickness, absent stones and
pericholecystic fluid collection, gallbladder displacement down and away from the
liver and lying in a transverse position, cone-shaped hyperechoic lesion to the right
side of gallbladder neck (i.e., twisted cystic duct) (Figure 3). These clinical and US
findings are suggestive of gallbladder torsion. Nonenhanced CT scan has similar find-
ings to US. GBV diagnosis can be confirmed with MDCT or MRCP. MDCT findings
show an enlarged and distended gallbladder, fluids between the liver and gallbladder,
and an intra-gallbladder hyperdense lesion with crease (Figure 4). MRCP shows a
distended gallbladder, tapering cystic duct, and V-shaped distortion of extrahepatic
ducts [22, 37-39]. Despite all these investigation modalities, the majority of patients
are still diagnosed intraoperatively. Intraoperative findings are black gallbladder with
inflamed surrounding peritoneum and hugely distended gallbladder in transverse
position and a twisted cystic duct (Figure 5). Management involves aspiration and
derotation of the gallbladder followed by cholecystectomy. Histopathological study
shows hemorrhagic necrosis. The gold standard for surgical management is laparo-
scopic cholecystectomy [6, 14, 15, 40, 42]. However, in the absence of expertise and
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Figure 3.
US of GBV patient showing distended GB in transverse lye, twisted CD ¢ pericholecystic fluid. (Taken from
Musefa Redwan Abdella and Amsalu Midaso Titole) [21].
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Figure 4.
CT of GBV distended GB without stones. (Taken from Bhama) [33].

Cystic duct wi
th its mesente

Figure 5.
Intraoperative clockwise twisted GB. (Taken from Musefa Redwan Abdella and Amsalu Midaso Titole) [21].

setup and in the presence of absolute contraindication for laparoscopic cholecystec-
tomy, open cholecystectomy is an option.

2.5.3 Intrahepatic gallbladder

These patients usually present with symptomatic cholelethiasis and its complica-
tions. Stones and intrahepatic malposition can be diagnosed with US. CT may be
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needed when cystic liver mass lesions are considered in the differential diagnosis.
MRCP should be considered to assess associated biliary duct and vascular anomalies.

Management is laparoscopic cholecystectomy after hepatotomy. To avoid bile
duct injuries, the cystic duct must be identified at the cystic plate and followed to the
gallbladder. In case of difficulties due to poor exposure and bleeding, conversion to
open surgery is recommended [8, 10]. The approach to open surgery is right subcostal
incision with extension to the thorax [44]. Cholecystectomy should be done in cases
of incidental finding of ectopic gallbladder to avoid future clinical and imaging
confusion [1, 2]. The most important thing in managing symptomatic ectopic gall-
bladder patients is to prevent bile duct injuries. To perform and deliver safe surgical
treatment, the following measures are recommended:

1. Preoperative diagnosis of gallbladder malposition and associated anomalies.
This will help to plan the appropriate surgical approach to complete the surgery
safely.

2. Technical modification of laparoscopic cholecystectomy. This may include port
modification, such as adding port sites [40, 45] or shifting port sites (e.g., [15]).
Patient position modifications can also be considered (e.g., [40]) to identify
left-sided gallbladder. The patient should be put in the supine position first and
then moved to the lithotomy position. Dissection technique modifications like
falciform ligament lifting and fundus first approach are highly recommended
[15, 40].

3. Conversion cholecystectomy. Surgeons should not hesitate to convert to open
cholecystectomy whenever there is difficulty or doubtful anatomy.

4.Fundus first cholecystectomy

5.Routine intraoperative cholangiography, which will show detailed biliary
anatomy. This is the key to performing safe surgery.

6. Surgeons should have detailed knowledge of the gallbladder and biliary tree
and vascular anatomical variants. This is important to decrease mortality and
morbidity.

Gallbladder malposition patients may present with severe calculus cholecystitis
or calculus cholecystitis due to stasis like gallbladder empyema or retroperitoneal or
hepatic abscess. These patients may be considered high risk for surgery. In these cases,
percutaneous drainage with appropriate antibiotics and interval laparoscopic chole-
cystectomy is recommended [45].

Retroperitoneal and retrohepatic gallbladder patients may present with right
costovertebral angle tenderness that can be confused with hepatic mass lesions or
cysts as well as renal cysts or masses on preoperative US and CT scan. MRCP is the
gold standard diagnostic modality in these patients.

Dissection and resection of these deep-seated gallbladders is technically
difficult [1]. Laparoscopic cholecystectomy can be considered, but the team
should prepared for conversion cholecystectomy.
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US and CT do not usually detect anatomical anomalies, though they can iden-
tify gallbladder stones. If the gallbladder is adjacent to the transverse colon on
CT scan, MRCP should be considered to confirm diagnosis of mesocolic gallbladder.
Laparoscopic cholecystectomy with technical modification is a safe procedure, but
surgeons should always keep in mind the possibility of conversion to open cholecys-
tectomy [6, 15, 16, 40, 42].

3. Conclusion

Gallbladder positions anomalies are rarely occurring conditions in clinical
practice. Though further study is needed, the most commonly occurring variants
in descending order of frequency are floating gallbladder, left-sided gallbladder,
intrahepatic gallbladder, and retro placed gallbladder. Ectopic gallbladders are
prone to increased stone formation and related complications due to the impaired
function of the gallbladder. Most position anomalies are diagnosed intraoperatively
during surgery for cholelithiasis or its complications because of their rare preva-
lence and lack of specific clinical and imaging features. Despite advancement in
radiological technology, preoperative diagnosis remains difficult; the preoperative
diagnosis rate is about 20%. Gallbladder position anomalies have clinical sequelae
like GBV,, gallbladder herniation with strangulation in floating gallbladder, and
gallbladder perforation with liver abscess in intrahepatic gallbladder. Gallbladder
malposition is usually associated with biliary tree and vascular anomalies that
together with changed anatomy predispose patients to increased rates of bile duct
injuries (7.3%).

To prevent these devastating complications, anomalies must be diagnosed
preoperatively, especially in patients scheduled for hepatic resection or liver trans-
plantation. The surgeon should have detailed knowledge of anatomical variants
of the biliary system and should always consider their possible prescience during
laparoscopic cholecystectomy. When position anomalies are discovered suddenly
during a procedure, technical modifications to the procedure are mandatory. These
may include port site or patient position modifications, falciform ligament lifting,
or fundus first approach when needed. Routine intraoperative cholangiography in
laparoscopic cholecystectomy and intraoperative liver US to view biliary duct and
vascular structures in hepatic surgery decreases the rate of bile duct and vascular
injuries.
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RLtSGB right left-sided gallbladder

IHGB intrahepatic gallbladder

HPB hepato-pancreatico-biliary system
Author details

Musefa Redwan
Yirgalem Hospital Medical Collage and Yirgalem General Hospital, Yirgalem, Ethiopia

*Address all correspondence to: musefaredwan8@gmail.com

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

30



Gallbladder Position Anomalies: Clinical Impacts and Management

DOI: http://dx.doi.org/10.5772/intechopen.1001919

References

[1] David E, Charles A, Stanleyr M.
Gallbladder ectopia: A review of
anomalies of position. 1974;121(2):
396-400. DOI: 10.2214/ajr.121.2.396

[2] Teke Z, Akcam AT. Complete
mesocolic malposition of the gallbladder:
An unusual case report with literature’s
review. Ulusal Travma ve Acil Cerrahi
Dergisi. 2022;28:557-561

[3] Lee H et al. Anatomic variation of
patient with a left-sided gallbladder.
The Annals of Surgical Treatment and
Research. 2019;97(6):302-308

[4] Gu W, Tong Z. Ectopic gallbladder:
A case report and review of the
literature. Asian Journal of Surgery.
July 2020;43(9):1-3. December 2029.
DOI: 10.1016/j.asjsur.2020.05.017

[5] Kim WS et al. Strangulated gallbladder
by the lesser Omentum. Soonchunhyang
Medical Science. Dec 2020;26(2):9194

[6] Strong RW et al. Surgical implications
of left sided gallbladder. The American
Journal of Surgery. July 2013;206(1):
59-63. DOI: 101016/jamjsurg201210035

[7] Boer ], Boerma D, de Vries Reilingh TS.
A gallbladder torsion presenting as

acute cholecystitis in an elderly woman:
A case report. Journal of Medical Case
Reports. Cholecystitis in an intrahepatic
gallbladder, international journal of
surgery. September 2017;4(9):3177-3179.
DOI: 10.1186/1752-1947-5-588

[8] Chandrasekar G, Nagappa V.
Cholelithiasis in an intrahepatic
gallbladder. International Journal of
Surgery. 2017;4(9):3177-3379

[9] Sahu SYVM, Yang SNAA. Cell
sources for treating diabetes [internet].
In: Stem Cells in Clinic and Research.

31

London, UK: InTech; 2011:156-163.
DOI: 10.5772/24174

[10] Muguti G, Muchuweti D,
Munyika AA. Congenital duplex
gallbladder anomaly presenting as
gangrenous perforated intrahepatic
cholecystitis A case report and review
of literature. East and Central African
Journal of Surgery. 2013;18(2)

[11] Banchini F, Capelli P. Left sided
gallbladder clinical and anatomical
implication. Anatomy & Embryology of
Biliary Tract. Surgical Clinics of North
America. 2014;94:203-217. DOI: 10.5772/
intechopen.92000

[12] Keplinger, Bloomston. Anatomy and
embryology of the biliary tract. Surgical
Clinics. 2014;94:203217. DOI: 10.1016/j.
suc.2014.01.001surgical.theclinics.
com.00396109/14/$

[13] Sreekanth T. Incidence of floating/
wandering gall bladders: A cadaveric
study and its clinical implications.
International Journal of Anatomy

and Research. 2017;5(1):3338-3341.
DOI: 10.16965/L.2016.470

[14] Qureshi. Aberrant presentation

of the gallbladder during laparoscopic
cholecystectomy. JSLS: Journal of the
Society of Laparoendoscopic Surgeons.
2009;13:605-607

[15] Nastosetal C. Methods of safe
laparoscopic cholecystectomy for left-
sided (sinistroposition) gallbladder: A
report of two cases and a review of safe
techniques. International Journal of
Surgery Case Reports. 2014;5:769-773

[16] Idu M, Jakimowicz J, luppa A,
Cuschieri A. Hepatobiliary anatomy
in patients with transposition of the



Gallbladder — Anatomy, Pathogenesis, and Treatment

gallbladder: Implications for safe
laparoscopic cholecystectomy. British
Journal of Surgery. 1996;83:14421443

[17] Yadav A, Jain NB, Ray S,

Nundy S. The ectopic gall bladder: A
review. International Journal of Health
Sciences. 2022;6(S6):32473253. DOI:
10.53730/ijhsv6nS6.10054

(18] Hsu SL, Chen TY, Huang TL, Sun CK,
Concejero AM, Tsang LL, et al. Left sided
gallbladder: Its clinical significance and
imaging presentations. World Journal of
Gastroenterology. 2007;13:6404-64009.
DOI: 10.3748/wjgv13.i147.6404

[19] Hochstetter F. Anomaliemder
Pfortaderunddernabelvenein
verbindungmitdefectoder

Linkscage dergallenblase. Archivfiir
Mikroskopische Anatomieund
Entwicklungsmechanik. 1886;3:369-384

[20] Wendel AV. VI. A case of floating
gallbladder and kidney complicated
by cholelethiasis, with per- foration
of the gallbladder. Annals of Surgery.
1898;27(2):199-202

[21] Abdella MR, Titole AM. The clinical
case report of gallbladder volvulus.
Enormous Journal of Medical Sciences
and Current Research. 2022;2(3):1040,
1-6. DOI: 10.56558/journal.ejmscr.
1001040

[22] PuTW et al. Acute body-neck torsion
of the gallbladder. WJG. 2014;20(38):1-3

[23] Nguyen TH, Tran KH, Le XA,

Nguyen HV, Ha QV. Gallbladder volvulus
and hernia through the foramen of
Winslow: A case report. Journal of Surgical
Case Reports. 2020;93(10):rjaa424.

DOI: 10.1093/jscr/rjaa424

[24] Ben Ismail I et al. Cholecystitis in

a midline gallbladder: A rare ectopic
location. International Journal of Surgery
Case Reports. 2022;93:1069691

32

[25] Kohgaetal A. Strangulatedp
gallbladder caused by a tip of the
omentum attached to the abdominal
wall: A case report. Journal of Surgical
Case Reports. 2017;7:1-3

[26] Gelevski R et al. True left sided
gallbladder (TLSG) as incidental finding
on laparoscopic cholecystectomy:

Case report. JMS. 2021;4(1):50-53.
UDC:616.366-089.81

[27] Tajti ], Pieler], Abrahim S, et al.
Incarcerated gallbladder in inguinal
hernia: A case report and literature review.
BMC Gastroenterology. 2020;20:425.
DOI: 10.1186/s12876-020-01569-5

[28] LK, De Jesus RB, Torri GB, Momo M,
Rodrgues LK, Ameida Ghezzi CL,

et al. Gallbladder protrusion through
the groin region—a very unusual

femora hernia. BJR|Case Reports.
2019;5:20180035

[29] Rogers et al. Gallbladder
complicating a parastomal hernia.
Journal of Surgical Case Reports.
2019;4:1-3. DOI: 10.1093/jscr/1jz107

[30] Kumari S. Case report and operative
management of obstructed epigastric
hernia containing gall bladder: a rare
entity. International Journal of Surgery.
2020,;7:3805-3807

[31] KM, SHX C, Ying F, AKH C.
Gallbladder herniation through ventral
hernia: A case report. Open Journal

of Clinical and Medical Case Reports.
2019;(4):1jz2017

[32] Ennis G, Venade G, Silva Marques J,
Batista P, Abreu Nunes A, Constantino J,
et al. Intrathoracic acute cholecystitis.
European Journal of Case Reports in
Internal Medicine. 2020;7(11):3805-3807.
DOI: 10.12890/2020001764

[33] Bhama AR. The diagnostic dilemma
of gallbladder volvulus report of a case.



Gallbladder Position Anomalies: Clinical Impacts and Management

DOI: http://dx.doi.org/10.5772/intechopen.1001919

General Internal Medicine and Clinical
Innovations. 2016, 2015;1(2):26-29.
DOI: 10.15761/GIMCI.1000108

[34] Croce, Licata. Gallbladder volvulus:
A case report. Journal of Medical Case
Reports. 2021;15:494. DOI: 10.1186/
s13256021031157

[35] Reddy K et al. Laparoscopic
derotation and cholecystectomy of
torsion gallbladder. JSLS: Journal of the
Society of Laparoendoscopic Surgeons.
2005;9:238-240

[36] Setty N, RS et al. Cadaveric floating
gallbladder and its clinical significance
a case report. International Journal

of Current Research and Review.
2013;15(1):494

[37] Miyata T, Sannomiyay,

Nagayama T, et al. Preoperative diagnosis
of gallbladder torsion by magnetic
resonance cholangiopancreatography:

A case report. Clinical Case Reports.
2022;10:e05487. DOI: 10.1002/ccr3.5487

[38] Daniel, George K, Dhan T. Torsion
of the gallbladder: A systematic
review. HPB: The Official Journal of
the International Hepato Pancreato
Biliary Association. 2012;14:669-672.
DOI: 10.1111/j.14772574.2012.00513.x

[39] Usui M, Matsuda S, Suzuki H,
OguraY. Preoperative diagnosis of
gallbladder torsion by magnetic
resonance cholangio pancreatography.

Scandinavian Journal of
Gastroenterology. 2000;35:218-222

[40] Reddy PK, Subramanian RV,
YuvarajaS. Laparoscopic cholecystectomy
for left-sided gallbladder
(sinistroposition). JSLS: Journal of the
Society of Laparoendoscopic Surgeons.
2005;9(3):356-357

[41] Maetani Y, Itoh K, Kojima N,
Tabuchi T, Shibata T, Asonuma K, et al.

33

Portal vein anomaly associated with
deviation of the ligamentum teres to the
right and malposition of the gallbladder.
Radiology. 1998;207:723-728

[42] Pereira R, Perera M, Roberts M,
Avramovic J. Surgical approach to a
left-sided gallbladder. BML Case Reports.
2019;12(8):230681. DOI: 10.1136/
bcr-2019-230681

[43] Paolino LA, Millan M, Bossi M,
Champault G, Barrat C. Herniation of
the gallbladder within a hernia of the
abdominal wall associated with Mirizzi
syndrome. JSCR. 2011;4:3

[44] Audi P, Noronha F, Rodrigues].
Intrahepatic gallbladder - A case report
and review of literature. The internet.
Journal of Surgery. 2009;14(1):6, 1-4

[45] Donati et al. Antitypical presentation
of intrahepatic perforated cholecystitis:
amodern indication to open
cholecystectomy. Report of a case. BMC
Surgery. 2014;14:6

[46] Kocabiyik. Abnormal localization of
gallbladder and atresia of superior part
of duodenum. SDU Tip Fakiiltesi Dergisi.
2008;15(1):38-41

[47] Mattone E et al. Dystopic gallbladder:
Rendez vousand fluorescence. Clinical
Case Reports. 2018;6(3):522526b.

DOI: 101002/ccr31130

(48] Tarakj A, Kocabiyik et al.

Successful surgical Management of
Unusual Gallbladder Anatomy through
Laparoscopic Cholecystectomy of ectopic
gallbladder. Cures. 2021;13(11):e19884.
DOI: 107759/cureus1988






EUS of the Gallbladder

Landon Kozai and Larissa Fujii-Lau

Abstract

Endoscopic ultrasound (EUS) is an increasingly used imaging modality in the
diagnosis and management of biliary disease. The advantage of EUS is that it allows
for a precise examination of the pancreaticobiliary system due to the proximity
of the endoscopic probe within the gastrointestinal tract. As EUS becomes more
prevalent within gastroenterology practice, clinicians should become familiar with
the endosonographic findings of the gallbladder. This chapter will review normal
endosonographic gallbladder anatomy in addition to benign and malignant gallblad-
der pathology. The identifying endosonographic characteristics of gallbladder lesions
will be discussed. We will also provide a brief review of EUS-guided tissue acquisition
of the gallbladder.

Keywords: endoscopic ultrasound, EUS, gallbladder, biliary, fine needle aspiration,
fine needle biopsy

1. Introduction

Endoscopic ultrasound (EUS) has become an important tool in the diagnosis
and management of gallbladder disease. EUS utilizes high ultrasound frequen-
cies of 5 mHz to 20 mHz and produces images with high spatial resolution, allow-
ing for a more precise evaluation than with transabdominal ultrasound (TAUS)

[1, 2]. Gallbladder structures can be closely examined for fine details such as depth
of tumor invasion or subtle morphologic features of small gallbladder lesions
which are normally obscured to examiners using TAUS. It also offers a unique
advantage over TAUS by allowing the operator to perform fine needle aspiration
(FNA) or fine needle biopsy (FNB) for tissue sampling at a closer location to the
gallbladder. EUS is often preceded by cross-sectional imaging such as computed
tomography (CT) or magnetic resonance cholangiopancreatography (MRCP) due
to the unpredictable orientation of the gallbladder that is difficult to predict with
EUS alone [3].

EUS of the gallbladder itself is often overlooked during the EUS examination.
Endosonographers should be competent in recognizing normal and pathologic find-
ings of the gallbladder and biliary tree. This chapter will provide an overview of the
normal anatomy of the biliary tree as well as typical endosonographic characteristics
of both benign and malignant gallbladder pathology. With the increasing use of EUS
in clinical practice, it is important for physicians to be proficient in the interpretation
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of EUS findings and to be able to integrate these findings into the overall management
of patients with gallbladder disease.

2. Normal gallbladder anatomy

The gallbladder is a pear-shaped organ in the right upper quadrant of the abdo-
men. It is located within a fossa separating the right and quadrate lobes on the liver
[4]. The fundus of the gallbladder is the widest and most distal aspect, which tapers
into the body, followed by the neck (or infundibulum) at its most proximal aspect.
The neck lies in the porta hepatis and is connected to the cystic duct, forming a
hook-like shape, which then drains into the common bile duct in a downward fashion.
Within the cystic ducts are valvular structures known as the valves of Heister, which
contribute to the controlled release of bile from the gallbladder. The fundus of the
gallbladder abuts the anterior abdominal wall due to its projection beyond the infe-
rior border of the liver. In some people, there is a benign outpouching of the fundus
known as a Phrygian cap. A pouch-like structure located near the infundibulum may
also be present and is known as Hartmann’s pouch [5].

EUS of the gallbladder can be performed from 3 major areas: the gastroesophageal
junction/fundus of the stomach, antrum/duodenal bulb, and descending duodenum.
The endosonographer should become familiar with varying positions required to
obtain adequate views of the gallbladder and its surrounding structures in each of
these areas. EUS probe positioning and maneuvers to obtain adequate views of the
surrounding gallbladder structures, and their unique orientations at each viewpoint
are beyond the scope of this chapter. Notable structures observed from these positions
in addition to the gallbladder itself include the portal vein, hepatic artery, right and
left hepatic ducts, common hepatic duct, common bile duct, cystic duct, and inferior
vena cava [5].

The layers of the gallbladder wall consist of the surface epithelium, lamina
propria, muscularis propria, perimuscular subserosal connective tissue, and serosa
[6]. On EUS, the normal gallbladder wall is depicted by three distinct layers. The
innermost hyperechoic layer represents a boundary echo [3]. The middle layer is
hypoechoic and consists of the mucosa, the muscularis propria, and the fibrous layer
of the subserosa. The outer layer is hyperechoic, consisting of the adipose portion of
the subserosal layer and serosa (Figure 1) [7-9]. A normal gallbladder wall is less than
4 mm in thickness. The inner layer of the gallbladder should demonstrate a smooth
contour [10].

3. Abnormal gallbladder findings

The differential diagnosis of abnormal gallbladder lesions on EUS can be broadly
divided into protuberant and wall-thickening lesions [10]. Protuberant lesions
describe anomalies confined to the luminal surface of the gallbladder wall. Features
such as lesion size, pedunculation, morphology, surface characteristics, and internal
echo are considered in formulating the differential diagnosis.

Gallbladder wall thickening refers to lesions that cause the gallbladder wall to
become diffusely thickened with a diameter > 4 mm. Features such as the extent of
wall thickening, surface structure, disruption of the gallbladder wall layers and pres-
ence of Rokitansky-Aschoff sinuses are considered in the differential diagnosis.
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Figure 1.
Normal EUS of the gallbladder demonstrating multiple wall layers.

4, Protuberant lesions

Protuberant gallbladder lesions can be divided by morphologic features into
pedunculated and sessile lesions. The differential diagnosis of protuberant and sessile
lesions is important in the assessment of a lesion’s malignant potential. Pedunculated
lesions may include gallbladder polyps, adenomas, and gallbladder carcinoma, while
sessile lesions may signify gallbladder carcinoma, adenomyosis, and sludge. While
sessile shape is strongly associated with gallbladder carcinoma, pedunculated shape
is more likely to represent a benign lesion or an early stage carcinoma confined to the
mucosa [11].

Another way to further classify protuberant lesions is to subdivide them into
neoplastic and non-neoplastic lesions. Neoplastic lesions are either adenomatous
or carcinomatous, and non-neoplastic lesions largely consist of gallbladder polyps,
and can be described as focal elevations or protrusions easily distinguished from
the surrounding mucosa (Figure 2) [12]. The majority of gallbladder polyps are
asymptomatic and may be discovered incidentally. Size of the lesion is also important;
protuberant lesions greater than 20 mm in diameter are often easy to detect, even by
TAUS, and are often malignant in nature. However, for those less than 20 mm, the
differential diagnosis is broad, and they are challenging to diagnose by EUS features
alone. Therefore, knowledge of the specific endosonographic features unique to each

etiology, both benign and malignant is essential.
4.1 Benign protuberant gallbladder lesions
4.1.1 Gallbladder polyps

EUS is not ideal at distinguishing different types of gallbladder polyps. Cholesterol
polyps are the most common type of gallbladder polyps, and account for approximately

37



Gallbladder — Anatomy, Pathogenesis, and Treatment

Figure 2.
Gallbladder polyp (red arrow) depicted next to a gallstone (yellow arrow).

95% of all raised gallbladder lesions [3]. Gallbladder polyps <10 mm are likely to be cho-
lesterol polyps, but malignant polyps of this size are also found on occasion. Cholesterol
polyps are pedunculated lesions, typically round in shape with a notched granular
surface, and have a hyperechoic to isoechoic internal echo with echogenic punctiform
foci representing cholesterosis [1, 10]. Larger cholesterol polyps greater than 10 mm in
diameter may be more irregular or oblong in shape [1]. As cholesterol polyps enlarge to
a size greater than 10 mm, they become more lobulated in appearance, and the internal
echo decreases, taking on an appearance that can appear similar to adenomas or gall-
bladder cancer [10]. Due to this, they may be difficult to distinguish from malignant
polyps and therefore cholecystectomy may be considered in this setting. Contrast-
enhanced US may be useful for differentiating benign polyps from cancer [13].

The other types of gallbladder polyps are much less common. Hyperplastic polyps
are benign protrusions consisting of hyperplasia of the gallbladder mucosa. They are
typically >10 mm in diameter with a smooth surface, papillated or lobulated mor-
phology, pedunculated base, and have uniform low echogenicity [12]. Inflammatory
polyps are typically a result of chronic inflammation. They represent focal epithelial
proliferations of inflammatory cells and are often associated with chronic cholecys-
titis. They consist of granulation and fibrous tissue and have no malignant potential.
They are typically <10 mm in size and are often associated with chronic cholecystitis
[14, 15]. On ultrasound, they may appear sessile or pedunculated. The internal echo is
homogeneous and more echogenic than the liver parenchyma [15].

4.1.2 Cholelithiasis and sludge

Gallstones appear on EUS as intraluminal hyperechoic foci with or without
acoustic shadowing (Figure 2) [16]. They may be gravity dependent. One study of
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Figure 3.
Hyperechoic gallstone with shadowing.

Figure 4.
Biliary sludge.

patients presenting with typical biliary pain and a negative initial TAUS found that
small, undetected culprit gallstones less than or equal to 3 mm in size were often
found in the infundibulum or cystic duct when examined by EUS [16]. EUS is also
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useful for the detection of biliary sludge or microlithiasis in patients presenting with
seemingly idiopathic acute pancreatitis (IAP). The sensitivity of EUS for detecting

a case in IAP surpasses that of MRCP [17-21]. Biliary sludge appears as a gravity-
dependent, homogeneous, echogenic substance without acoustic shadowing in the
gallbladder lumen (Figures 3 and 4) [17].

4.1.3 Adenomyomatosis

Adenomyomatosis may present as a protuberant lesion or a wall thickening
lesion, and in both cases may mimic gallbladder carcinoma. As a protuberant lesion,
adenomyomatosis tends to be sessile in nature, with a single or multiple anechoic
internal areas (i.e. microcysts) corresponding to Rokitansky-Aschoff sinuses (RAS)
(Figure 5). The surface is relatively granular and irregular. Some lesions may demon-
strate internal echoes with a comet tail artifact due to multipath reflection from RAS
or intramural calculi [1, 12]. They tend to appear oval in shape. Although adenomyo-
matosis are typically benign lesions, cases of co-existing gallbladder carcinoma with
adenomyomatosis have been reported [12, 22].

Adenomyomatosis can also appear as focal or diffuse gallbladder wall thicken-
ing. Comet tail artifacts and RAS are also present in the wall-thickening lesions. The
layers of the gallbladder wall tend to be preserved within the lesion, and the surface
is usually smooth in appearance, although in some cases it may feature some degree
of irregularity due to mucosal hyperplastic changes [12]. Surface irregularity should
raise suspicion for the presence of gallbladder carcinoma within the adenomyomatous
lesions [3].

Figure 5.
Protuberant adenomyomatosis with an internal anechoic area representing a Rokitansky-Aschoff sinus.
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4.2 Neoplastic protuberant gallbladder lesions
4.2.1 Gallbladder adenoma

Gallbladder adenomas are uncommon and comprise 10% of all gallbladder polyps
diagnosed by ultrasound [15]. They are generally homogeneously isoechoic with
multiple microcysts within the polyp. They are oval with a relatively smooth surface
and may be pedunculated or sub-pedunculated. They typically range from between
5 mm to 20 mm in diameter [3, 12]. On EUS, adenomas are difficult to distinguish
from gallbladder carcinoma, but certain distinguishing features such as an intral-
esional vascular spot on color Doppler investigation or uniform contrast enhancement
may aid in differentiating the two [3, 15, 23]. They have malignant potential and are at
risk of progressing to gallbladder cancer through the adenoma-carcinoma sequence,
although the incidence of this requires further elucidation [3, 24].

4.2.2 Gallbladder carcinoma

Gallbladder carcinoma typically demonstrates invasion of the gallbladder mucosa
[25]. They are more commonly sessile than pedunculated, and the internal echo
is heterogeneously dense, with increased echogenicity and scattered hypoechoic
areas in the core. The outer surface of the carcinoma is typically nodular, and the
shape is round [12]. In contrast to cholesterol polyps which tend to become irregular
in shape beyond a diameter of 10 mm, carcinomas retain their rounded structure
after reaching this size [1]. Prior studies investigating large polyps >10 mm in size,
singular polyps >14 mm were 92.3% sensitive for differentiating neoplastic from
non-neoplastic polyps, and sessile structure or polyp size >22 mm were 93.5-95.7%
sensitive for differentiating carcinomas from adenomas [26]. Kozuka et al. in their
examination of surgical gallbladder specimens found that a diameter of 12 mm or
greater was associated with cancerous foci, and most invasive carcinomas were
greater than 30 mm in diameter [24]. Sessile shape increases the odds of malignancy
by a factor of 7.32 [27].

5. Gallbladder wall thickening

Gallbladder wall thickening is defined as a thickness of the gallbladder wall greater
than 4 mm. Wall thickening lesions are further classified as local (<50%) or diffuse
(>50%) depending on the extent of the involved portion. Furthermore, focal wall
thickening may also refer to instances in which there is a focal presence of an inner
hypoechoic layer, even if the wall is less than 4 mm thick [11, 12].

Diffuse gallbladder wall thickening is caused by several gallbladder disorders and
non-gallbladder disorders, including extra-cholecystic inflammation, liver disease,
systemic disease, and pseudo-thickening. However, in comparison, focal gallbladder
wall thickening is more specific for intrinsic gallbladder disease and in the context
of some diseases such as xanthogranulomatous cholecystitis, is more concerning for
gallbladder carcinoma [25, 28].

Thus, although the differential diagnosis of gallbladder wall thickening is broad,
in general it can be further classified into diffuse and focal involvement. In some
cases, gallbladder wall thickening may be due to malignancy and thus distinguishing
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these from benign causes is important. EUS features that may assist with delineating
this include the contour of the lesion, patterns of the wall thickness, the presence of
intramural cystic spaces, and patterns of gallbladder wall enhancement [12].

5.1 Benign gallbladder wall thickening
5.1.1 Adenomyomatosis

See the above section on “Benign Protuberant Gallbladder Lesions.”
5.1.2 Cholecystitis

Typical sonographic findings of acute cholecystitis include the presence of
gallstones, gallstone impaction in the gallbladder neck or cystic duct, gallbladder dis-
tention, gallbladder wall thickening, and pericholecystic fluid [29]. Typical findings
on EUS include diffuse gallbladder wall thickening, a smooth inner mucosal layer, and
preservation of the gallbladder wall layer structure [12]. However, EUS, at the pres-
ent, is not the imaging modality of choice for diagnosis of acute cholecystitis, whereas
TAUS and CT scan are preferred. The appearance of chronic cholecystitis is similar to
that of acute cholecystitis.

Chronic xanthogranulomatous cholecystitis (XGC) is a subtype of chronic
cholecystitis characterized by irregular gallbladder wall thickening and fibrosis due
to chronic inflammation related to intramural infection. Granulomas form in the
gallbladder wall due to the phagocytosis of purulent bile by histiocytes. Known causes
of XGC include impaction of stones in the gallbladder neck or leakage of bile into
the gallbladder wall due to rupture of RAS or mucosal ulceration. XGC may closely
resemble gallbladder carcinoma on EUS and may require biopsy for diagnosis [3, 10,
12]. On EUS, the extent of wall thickening may be focal or diffuse, and the mucosa
retains a smooth surface. In some cases, intramural hyperechoic nodules may be pres-
ent. The wall may demonstrate a mixed hyperechoic and hypoechoic echotexture with
irregularity or disruption of the gallbladder wall layers [12].

5.1.3 Other causes of benign gallbladder wall thickening

Other causes of gallbladder wall thickening include pseudothickening, systemic
disease, liver disease, or neighboring inflammatory conditions. Focal pseudothicken-
ing is associated with the presence of debris and sludge within the gallbladder lumen,
whereas diffuse pseudothickening is seen in postprandial states. States of fluid overload
or and third-spacing, such as heart failure, renal failure, cirrhosis, hypoalbuminemia,
and sepsis are common systemic diseases associated with diffuse gallbladder wall thick-
ening. Inflammation of nearby organs, such as that which occurs during pancreatitis,
hepatitis, or peritonitis may also lead to diffuse gallbladder wall thickening [11].

5.2 Neoplastic wall thickening
5.2.1 Gallbladder carcinoma (wall thickening type)
Wall-thickening gallbladder carcinoma is difficult to diagnose based on EUS

alone, because it is mimicked by other conditions such as adenomyomatosis and XGC.
The examination reveals an irregular or papillated mucosa, and non-uniform wall
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thickening marked by non-uniform hypoechoic patterns. In addition, the structure
of the wall layers is ill-defined and may appear disrupted depending on the depth
of invasion. Gallbladder carcinoma is differentiated from adenomyomatosis by the
absence of RAS and intramural microcysts. Predictive findings of gallbladder carci-
noma may include loss of the multiple layer wall pattern, wall thickness greater than
10 mm, absence of gallstones, and hypoechoic internal echogenicity [12, 30, 31].

6. EUS-guided tissue acquisition
6.1 Introduction

Endoscopic ultrasound-guided fine needle aspiration (FNA) is a useful method for
the diagnosis of gallbladder disease. Differentiating malignant from benign gallblad-
der lesions is important due to the high short term mortality rates of gallbladder
carcinoma, and because imaging alone is often insufficient to establish a diagnosis.
Obtaining gallbladder tissue to establish a diagnosis is therefore necessary to guide
clinical decision-making. Prior techniques such as endoscopic brush biopsy during
endoscopic retrograde cholangiopancreatography (ERCP) and endoscopic transpapil-
lary gallbladder drainage (ETP-GBD) were shown to have low sensitivities of 47.4%
and 71%, respectively [32, 33]. These methods are technically difficult, and entering
the major papilla inherently carries the risks of complications such as post-ERCP
pancreatitis, cholangitis, and sepsis [32]. With ETP-GBD in particular, the incidence
of these major complications in addition to perforation of the cystic duct is between
0 and 14% [32]. Furthermore, bile duct biopsy using ERCP is unable to provide direct
samples of the gallbladder lesion itself, and is primarily indicated when a biliary
stricture is present. If a biliary stricture is absent, biliary cytology through ETP-GBD
was previously required [10]. Now, EUS-FNA is increasingly being used in the diagno-
sis and management of pancreaticobiliary lesions, including those of the gallbladder.
The diagnostic sensitivities of EUS-FNA exceed that of both ERCP and ETP-GBD [32,
33]. A meta-analysis combining nine studies analyzing the use of EUS-FNA for the
diagnosis of gallbladder lesions reported a combined sensitivity of 84%, and other
studies have reported specificities of 100% [3, 34-39].

6.2 Current indications

The current use of EUS-FNA of the gallbladder itself from a diagnostic standpoint
is mostly limited to gallbladder wall thickening lesions due to paucity of data and
concern for complications. In terms of gallbladder cancer, Hijioka et al. propose
the use of this procedure for some cases of resectable gallbladder cancer, especially
when there is ambiguity about the malignant potential of a lesion or when surgery is
considered extremely invasive [3]. EUS-FNA is not recommended for most cases of
resectable gallbladder cancer because there is no role for neoadjuvant chemotherapy.
Due to the similarity in endoscopic appearance of XGC and gallbladder cancer, EUS-
FNA can guide the diagnosis and avoid extensive high-risk surgery for the patient.
Nonetheless, they recommend taking EUS-FNA biopsy results with skepticism in
some cases of XGC due to the propensity of the disease to co-exist with gallbladder
carcinoma in a small percentage of cases [40]. Complete examination of the gallblad-
der including the neck and cystic duct are recommended, as obstructive gallbladder
carcinoma may occur in this area and lead to XGC of the gallbladder body and fundus.
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Another technique to differentiate XGC from gallbladder carcinoma involves biopsy
of the surrounding lymph nodes [3].

6.3 Complications

Current data on the safety of EUS-FNA of the gallbladder suggest low complication
rates. Potential complications of the procedure include cholangitis, bleeding, or bile
leak, although several studies report no serious adverse events after the procedure [32,
33, 36]. Although this suggests that EUS-FNA is safe, the possibility of reporting bias
necessitates further research to elucidate the potential harms of the procedure [36].

One of the most feared complications of EUS-FNA is the possibility of bile leak as
aresult of gallbladder perforation, leading to peritoneal dissemination of infection
or malignancy [41, 42]. The risk of this may be higher in cases of gallbladder polyps,
where biopsy would require traversing the gallbladder lumen, and EUS-FNA should
be avoided in such cases [3]. Nonetheless, cases of successful EUS-FNA of gallbladder
intraluminal lesions have been reported [37, 38, 43]. Wall thickening lesions usually
carry a lower risk of gallbladder perforation because the needle tract may travel tan-
gentially with respect to the gallbladder, and as such are more amenable to EUS-FNA.
The risk of needle tract seeding leading to intragastric metastases may be increased in
EUS-FNA, although the occurrence of this is rare [44, 45]. Alternative sites than the
gallbladder itself should be surveyed for metastatic disease, such as the liver or neigh-
boring lymph nodes, as these are usually safer to biopsy. According to some authors,
the portion of the gallbladder wall that makes contact with the liver parenchymais a
technically preferred location for biopsy [10].

6.4 EUS-FNB

EUS-FNA with rapid onsite evaluation of cytopathology (ROSE) is the current
preferred approach to tissue sampling of pancreaticobiliary lesions due to a high
diagnostic yield of greater than 90% [46]. However, this method is not without
limitations; it requires considerable expertise, personnel, and resources, and is
unavailable outside of most tertiary care centers. Another disadvantage is that it relies
on adequate cellularity of the sample, where in some cases if a lesion is significantly
fibrotic or necrotic the diagnostic yield is poor [47].

Novel fine needle biopsy (FNB) devices were developed for use with EUS and
have produced optimistic results. Specifically, the development of the fork-tip needle
(SharkCore, Medtronic, USA) in 2016 and the Franseen tip needle (Acquire, Boston
Scientific, USA) in 2017 have allowed endosonographers to perform endoscopic
biopsies with excellent diagnostic yield. A striking benefit of FNB is that it allows
for the acquisition of larger tissue samples that can be analyzed histopathologically,
potentially obviating the need for EUS-FNA with ROSE. Emerging studies on FNB
in pancreaticobiliary lesions other than that of the gallbladder have shown promis-
ing results. Adequate tissue acquisition rates with the Franseen tip needle were
reported to be greater than 90% in one multicenter study [48]. A recent meta-analysis
demonstrated that the addition of ROSE did not improve the diagnostic accuracy
of FNB [49]. Randomized controlled trials have demonstrated diagnostic accura-
cies of greater than 90% with both FNB needle types, and a subsequent multicenter
randomized controlled trial showed that the diagnostic accuracy of FNB was non-
inferior to EUS-FNA with ROSE [47, 50, 51]. Furthermore, FNB was associated with
fewer needle passes, shorter procedure times, and comparable associated costs when
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compared to EUS-FNA with ROSE [47]. Yet, the use of FNB for gallbladder lesions
remains uncommon, with limited data available reporting both high diagnostic
accuracy and safety in the context of gallbladder lesions [43, 52]. The development of
large multicenter trials focusing on the use of FNB in gallbladder lesions is necessary
to guide future indications for this technique.

Another perk to FNB is that in the retrieval of larger tissue volumes, this permits
histopathological analysis by immunohistochemistry, and in turn, empowers diagnos-
tic capabilities by introducing next-generation genetic sequencing. Several potential
targetable genes have already been identified in gallbladder carcinoma and cholan-
giocarcinoma, and trials specifically targeting HER2-positive cholangiocarcinoma are
currently underway [53-55]. The treatment landscape of gallbladder and biliary tract
cancer is fairly young, but there is optimism that FNB will become increasingly useful
in advancing our ability to identify targeted therapies for gallbladder cancers.

7. Conclusion

Endoscopic ultrasound is an essential tool in the evaluation of biliary disease. The
gallbladder examination from an endoscopic point of view provides clinicians with a
unique advantage in identifying pathology that may be difficult to visualize by other
imaging modalities such as cross-sectional imaging and TAUS. However, this tech-
nique does have limitations, namely in its ability to distinguish gallbladder polypoid
lesions and to ascertain malignant lesions from those that are benign. Tissue diagnosis
is often required, which is in some cases achievable by EUS as well. EUS-guided
tissue acquisition has propelled our diagnostic capabilities of gallbladder and other
pancreaticobiliary lesions and paved bright avenues toward the possibility of targeted
treatments in the future.
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Chapter 4

Diet and Gallstone

Reginald del Pozo

Abstract

Cholesterol gallstone disease is a major health problem in western countries and
depends on genetic and enviromental factors. Diet may influence the formation of
gallstone either by altering the biliary lipid composition or by modifying gallblad-
der motility. Numerous investigations have examined the association of diet and
cholesterol gallstone in prospective, cross-sectional, and case-control studies and in
experimental animal models. However, these findings are controversial, probably
because human studies are mainly epidemiological with differences in study designs,
dietary exposure assessment, and methods used. In general, a high intake of saturated
fats and refined sugars has been shown to increase the risk of forming cholesterol
gallstones, while a high intake of monounsaturated fats and fiber may decrease this
process. The pathogenic mechanisms behind these alterations are reviewed, and the
need for a nutritional intervention based on a diet low in lipids and rich in fibers
is highlighted. A better understanding of the role of diet in gallstone formation
may provide tools for those patients who have been diagnosed with symptomatic
gallstones and may also contribute to the prophylactic and therapeutic strategies for
cholelithiasis.

Keywords: dietary impact, gallbladder disease, gallstones, nutrition, risk factors

1. Introduction

Cholesterol gallstone disease is a very common pathology in western populations,
with a high global prevalence of approximately 10-20%. The etiology of this pathol-
ogy is considered multifactorial depending on the interaction of numerous complex
factors: obesity, dyslipidemia, insulin resistance, high consumption of refined
carbohydrates and cholesterol, age, female sex hormones, ethnicity, and sedentary
lifestyles [1-3]. Pathological conditions result from a rapid and large mobilization
of body cholesterol to the liver and then to the bile. This situation may cause biliary
cholesterol supersaturation, increased cholesterol crystallization, and gallbaldder
stasis [4]. The relationship between the secretion of bile acids and either phospholip-
ids or free cholesterol represents important ratios of the secreted molecules, usually
causing disturbances that result in a lithogenic bile [5]. The main risk factors in the
pathogenesis of gallstones are biliary cholesterol hypersaturation, cholesterol crystal-
lization, cholesterol crystal agglomeration and growth, and gallbladder dysmotility
[6, 7]. The relationships between bile acid secretion and free cholesterol are highly
species-dependent and, within certain species, are easily affected by diet. However,
not all species present biliary characteristics required for cholesterol crystallization
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and stone formation, such as bile stasis, sludge formation, and nucleating factors,
after cholesterol supersaturation is reached [8]. The use of animal models is limited
because relatively few species always develop gallstones, and unlike humans, they
do not spontaneously generate supersaturated bile in the gallbladder [9]. Therefore,
there are certain contradictions in clinical and research studies, whose conclusions
should be carefully analyzed. Another difficulty inherent in these studies is the
impossibility of knowing the onset time of the disease caused by a specific dietary
factor, in addition to not knowing the exact dimension of energy intake and the
estimation of the dietary constituents effectively ingested [10].

Many epidemiological studies have associated the formation of cholesterol gall-
stones with other pathologies such as obesity, hyperlipidemia, and type 2 diabetes
mellitus [11-13]. The presence of multiple risk factors in common with other disease
makes it possible to associate gallstone disease with other cardiovascular diseases such
as atherosclerosis carotid disease and metabolic dysfunction [14]. Although choles-
terol gallstones genesis is multifactorial, basic physiological correlates associated with
dietary modulation of biliary lipid metabolism are discussed in relation to gallstone
disease. Several investigations have reported on the role of specific dietary constitu-
ents as a potential risk factor for cholelithiasis. Diet may influence the formation of
gallstones either by modifying gallbladder motility or by altering the biliary lipid
composition. The importance of diet in the pathogenesis of gallstones has been much
debated. Most of these epidemiological investigations correspond to prospective,
cross-sectional, or case-control studies. Some studies show specific nutrients that
promote and others that, on the contrary, protect the process of gallstone formation
[15]. Among the many dietary factors suggested in the literature, we will focus mainly
on total energy intake, intake of carbohydrates, proteins, total fats, saturated fats,
mono- and polyunsaturated fats, cholesterol, total fiber, and alcohol. Evidence on the
relation between diet and gallstone formation, however, is somewhat conflicting.

The aim of this chapter is to present experimental and epidemiological evidence of
dietetic factors that may favor the process of cholesterol gallstone formation.

2. Specific role of various dietary components

A number of dietary factors have been involved in the pathogenesis of cholesterol
gallstone formation (Figure 1). It has been reported that Western-type diets, hyper-
caloric, high in fat and refined sugars, and limited intake of fiber, are factors that
increase the possibility of gallstone formation. It is relevant to review nutritional fac-
tors that impact the relationship between the relative flow of cholesterol through bile
lipids, which constitutes a crucial event in the process of the formation of cholesterol
gallstones. Consequently, diet appears to alter most of the components secreted into
the bile.

2.1 Obesity and caloric intake

An excess in energy intake has been related to an increased risk of developing
cholelithiasis. Obesity represents the greatest risk factor for cholelthiasis, since it
exhibits an increase in the bile secretion of cholesterol from the liver, which gener-
ates cholesterol supersaturated bile; crystallization of cholesterol monohydrates;
and agglomeration and growth until macroscopic gallstones formation [16, 17].

This excess cholesterol is secreted by hepatocytes as a direct result of increased body
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Figure 1.
Effects of major dietary factors (promoting-, preventing- and controversial factors) on gallstone formation.

weight. It has been estimated that each extra kilogram of body fat yields the produc-
tion of approximately 20 mg of additional cholesterol [12, 18]. A relevant factor in the
process of the formation of cholesterol gallstones is the relative mass of free choles-
terol in the bile, which is associated with the consumption of an overload of calories
in the diet. Probably the link between obesity and gallstones reflects an excessive
production of cholesterol or an increase in its efflux, which are greatly increased both
in nonobese and obese patients with this disease [19]. It has recently been reported
that high concentrations of C-reactive protein (CRP) could be an independent risk
factor that could trigger the process of gallstone formation [20]. It is unknown how
an increase in CRP increases the risk of gallstones, but it is suggested that the secre-
tion of the proinflammatory cytokine interleukin-6 is stimulated by adipose tissue,
promoting systemic inflammation in obesity [21, 22]. Many case-control studies have
examined the relationship between energy intake and the prevalence of gallstone
disease, but the findings are controversial. A French study showed a high risk of
gallstone disease in men consuming a high-calorie diet, greater than 2500 Kcal per
day, but not in women [23]. Similarly, a Spanish study showed a higher consumption
of total calories and fat in patients with gallstones compared to healthy controls [24].
In addition, a prospective study (88,837 controls and 612 symptomatic gallstones
patients) reported a positive correlation between energy intake and cholelithiasis
[18]. Also, another Mendelian randomization study in 77,679 individuals revealed that
an increased BMI caused a link with a risk of symptomatic stones [25]. The distribu-
tion of body fat also affects the risk of gallstone, with prospective cohort studies
showing an association between gallstone formation and central adiposity compared
to lower extremity adiposity [26]. An increase in BMI with high waist circumference
and central adiposity can influence the key steps involved in the cholesterol gallstone
pathogenesis, particularly an increase in biliary cholesterol concentrations [27, 28].

In addition, obese people frequently show a greater fasting gallbladder volume and

a decrease in postprandial gallbladder emptying, which are factors that promote
gallstones formation [29, 30].
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Generally, a weight loss reduces the risk of gallstones, but an excessive weight loss
(greater than 25% of body weight) or undergoing bariatric surgery increases the risk
of triggering gallstones [31-33]. The administration of ursodeoxycholic acid dur-
ing loss of weight could prevent the development of lithogenic changes in bile and
the formation of gallstones [34-37]. Treatment with ursodeoxycholic acid should
be reserved for the occasional symptomatic patients with small stones presumably
formed from cholesterol or proven gallbladder sludge [38]. A retrospective cross-
sectional Asian study observed participants younger than 50 years to have a higher
risk gallstone if they were obese and showed features of metabolic syndrome [39].
However, other studies have not found a relationship between caloric intake and
cholelithiasis [40, 41]. In contrast, an Italian large cross-sectional, ultrasound-based
study reported a significant negative association between energy intake and risk of
gallstone disease in men [42]. These discrepancies in the results can be explained by
differences in the study design and the methods used to determine energy intake and
to diagnose gallstone disease.

2.2 Dietary fatty acids

The role of total dietary fat as an etiologic factor for cholelithiasis has been
extensively studied but remains unresolved. The overall impact of dietary total fat
on bile lipids in humans is controversial, where the degree of fat saturation itself
has been examined for its influence on lithogenesis with ambiguous results. It has
been suggested that the type of dietary fat habitually consumed can influence bile
composition in humans. In gallbladder, this influence was noted in the presence
of more concentrated bile in the olive oil group. However, this was not translated
into a modification of cholesterol saturation, which is likely due to the fact that
cholesterol gallstones were present by the time the dietary intervention started
[43]. Some epidemiological studies did not find a significant positive correlation
between total fat intake and the risk of gallstone disease [18, 41, 44], but other
studies showed that patients with gallstones consume more total fat, preferably
saturated fatty acids. A cross-sectional Danish study reported a positive, but
nonsignificant, correlation between total fat consumption, mainly saturated
fatty acids, and gallstone disease detected by ultrasound [40]. Another study also
reported a positive correlation between symptomatic cholelithiasis and saturated
fat intake [23]. A high intake of saturated fat has been also documented in patients
from Southern Italy with incident gallstones detected by ultrasound, as compared to
controls [45]. Another article showed that a high-fat diet in Balb/c mice, composed
mainly of saturated fatty acids, significantly increased biliary cholesterol concen-
tration, without modifying biliary phospholipids concentration [46]. This biliary
cholesterol saturation caused an increase in cholesterol concentration in vesicular
transporters. Furthermore, an increase in the cholesterol/phospholipid ratio of
vesicular transporters was observed in the bile of animals treated with a high-fat
diet. These cholesterol-rich vesicular transporters can aggregate and fuse, favoring
the cholesterol crystals formation.

It has also been found that a diet rich in trans fatty acids could promote the forma-
tion of cholesterol gallstones [47]. Otherwise, consumption of cis-unsaturated fats
was reported to have a protective effect in a prospective cohort study [48]. The effect
of monounsaturated fatty acids (MUFA) is more contradictory. A study in hamsters
reported that a diet rich in MUFAs may decrease the risk of gallstone formation,
relative to saturated fats [49]. Other studies showed that patients with gallstone

54



Diet and Gallstone
DOI: http://dx.doi.org/10.5772/intechopen.1002044

disease consumed more total lipids, mainly saturated fatty acids [24, 50]. But other
case-control study found a protective effect of MUFAs on gallstone formation [45].
No significant differences in biliary lithogenicity were reported in normal persons
consuming two lipid-lowering diets: one rich in polyunsaturated fatty acids (PUFAs)
and the other rich in oleic acid [51].

It was found that a medical combination of w-3 PUFAs (EPA and DHA) originat-
ing from fish oil had a preventive effect against cholesterol gallstone formation in
C57BL/6 ] mice [52]. Dietary fish oil supplementation decreases hypertriglyceridemia
and reduces cholesterol crystal nucleation along with decreased gallstone formation
in prairie dogs [53, 54]. In another study, it was found that the administration of a
fish oil diet rich in n-3 PUFA to patients with gallstones decreased biliary cholesterol
saturation, although without altering cholesterol crystallization time [55]. Dietary n-3
PUFA supplementation was also shown to have a beneficial effect on bile lithogenicity
and bile composition in obese women during weight los [56]. These results suggest
that n-3 PUFAs supplementation of obese woman on weight reduction treatment
maintains the cholesterol saturation index and cholesterol nucleation time, which
might prevent the formation of cholesterol gallstones. Various mechanisms may
explain the inhibitory effect of fish oil on gallstone formation: reduction in biliary
cholesterol saturation, decrease in cholesterol crystallization due to changes in bile
phospholipid composition, and reduction in bile protein concentration [55, 57].

Other studies recommended increased nut consumption to decrease the risk of
gallstone occurrence [58, 59]. A large prospective cohort study based on the Nurses’
Health Study reported that frequent nut consumption was associated with a lower
risk of cholecystectomy in women [60]. Men who consumed nuts five times or more
per week appeared to have an approximately 30% lower risk of gallstone disease [59].
Nuts are mostly unsaturated fats [60, 61], a rich source of dietary fiber [60], and have
beneficial effects on blood cholesterol and lipoprotein profiles [58].

2.3 Dietary sterols

It is believed that a high cholesterol intake is a predisposing factor to the formation
of gallstones. However, epidemiological studies have shown inconclusive results. The
experimental consumption of cholesterol by men tends to increase the relative biliary
cholesterol concentration and decrease the moles percent of bile acids in both normal
subjects [62, 63] and persons with gallstones [62]. Feeding a cholesterol-cholic acid
rich diet induces gallstone formation in mice [64]. Feeding excessive cholesterol
(>0.85 mg/kcal or 2 g/day human equivalent) is essencially the only way to regularly
induce gallstones in most animal model [65]. Under these conditions, bile is typically
enriched with cholesterol and reduced in bile acids. A possible mechanism would be
that inhibition of hepatic cholesterol synthesis impairs bile acid production in a man-
ner similar to the coordinated inhibition of both cholesterol and bile acid synthesis by
lovastatin in humans, while apoE-rich lipoproteins distribute excess absorbed choles-
terol directly into the bile [66]. In contrast, other study found no significant increase
in biliary cholesterol saturation after 1 month of cholesterol feeding to chickens,
rabbits, and rats [67]. Exposure to low dietary cholesterol intake can lead to increased
cholesterol synthesis and cholesterol flux into the bile, causing supersaturated bile
and thereby increasing the likelihood of forming cholesterol gallstones [10]. These
contradictory results may relate to the inclusion of populations from different ethnic
groups, with different genetic predisposition and diets, rather than to the effects of
cholesterol itself [68].
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Plant sterols in diet have been associated with cholesterol gallstone pathogenesis.
It was reported that p-sitosterol (a plant sterol present in corn oil, soy, and bran)
prevents gallstone formation in mice fed with a lithogenic diet, by decreasing intes-
tinal cholesterol absorption [69]. More recently, a study has demonstrated that plant
sterols could inhibit intestinal cholesterol absorption and thus prevent cholesterol
gallstone formation [70]. Plant steroids, like diosgenin and other sapogenins, induce
massive secretion of cholesterol into rat bile [71]. Legumes that contain significant
amounts of sapogenins increase biliary cholesterol saturation and secretion in men
and simultaneously decrease serum LDL cholesterol concentration [72, 73]. It is
known that the Pima Indians consume large amounts of beans and have one of the
highest prevalences of gallstones in the world, a situation that is common with the
Chilean Mapuche Indians [10].

2.4 Dietary carbohydrates

Several studies have evaluated the effect of carbohydrates and have revealed
that consumption of refined sugars is directly associated with gallbladder disease
[40, 41, 45, 74-76]. Reducing energy-dense foods, particularly those high in sugar,
has shown beneficial effects on both weight and gallstone risk [77]. A prospective
study found a significant association between increasing total dietary glycemic
load and the subsequent risk of cholecystectomy in women, indicating that both
the quality and quantity of carbohydrate intake is important in predicting risk of
cholecystectomy [78]. The effect of a high carbohydrate on gallstone risk have been
confirmed by a large ultrasonographic study in pregnant women [79]. Women
were assessed for dietary habits, and the risk of incident biliary sludge/gallstones
during pregnancy was significantly higher among women in the highest quartile
of total carbohydrate intake compared with those in the lower quartiles. Another
research group concludes that dietary carbohydrates may play a role in cholesterol
gallstone formation by altering biliary motility and by enhancing crystal formation.
They suggest that a high carbohydrate diet decreases gallbladder volume, shortens
cholesterol crystal observation time, and increases crystal mass [80].

Fructose consumption has dramatically increased in past few decades, is mainly
consumed through added sugars (sucrose and high fructose corn syrup), and repre-
sents up to 10% of total energy in the US and in several European countries [81, 82].
Many studies have assessed the effects of diets providing large amounts of fructose
on various species. The general conclusions from these studies are that a high fructose
intake almost invariably leads to increased total energy intake, body weight gain,
increased plasma triglyceride concentrations, hepatic and extrahepatic insulin resis-
tance, and diabetes mellitus [83-85]. High intake of fructose (but not sucrose, lactose
or galactose) was associated with an increased risk of incident biliary sludge/gall-
stones, and this association was independent from total carbohydrate intake [79]. The
lithogenic effect of fructose appears to depend from several concurrent mechanisms,
as induction of insulin resistance, visceral adiposity, metabolic syndrome [86-91],
fatty liver secondary to triglycerides accumulation [92], and gallbladder stasis [80].
The deleterious effects of excess fructose intake can produce gastrointestinal symp-
toms due to intolerance and intestinal fermentation by resident intestinal microbiota
[93] and can affect several liver metabolic pathways (gluconeogenesis, glycerol
synthesis, and de novo lipogenesis) [27]. However, other investigations concluded that
there is no clear or convincing evidence that any dietary or added sugar has a unique
or detrimental impact on the development of obesity or diabetes compared to any
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other source of calories [94, 95]. It has been recently reported that fructose appar-
ently does not alter the gallstone formation process in Balb/c mice. Changes in plasma,
liver, and bile lipids were only observed at very high fructose concentrations diets
[96]. The discrepancies in the results with dietary fructose can be explained because
an inadequate consideration is often given to the dose at which these effects occur [97]
and also because the metabolic effects of fructose differ between individuals based on
their genetic background, suggesting heterogeneity in metabolic responses to dietary
fructose in humans [98].

2.5 Dietary protein

Dietary protein as a risk modulator for gallbladder disease has been explored with
mixed results. Many animal studies have shown a reduction in gallstones, reduced
biliary cholesterol and lithogenic index level [99-103], and lower crystallization rates
[104] with higher vegetable protein intake compared to animal protein-rich diets.
Human feeding studies examining associations between type (vegetable vs. animal)
and quantity of protein and gallbladder disease are limited. Epidemiological stud-
ies have observed that people consuming vegetarian diets have a lower incidence of
gallbladder disease [105-107], but specific aspects of the vegetarian diet were not
fully elucidated. The studies that probe for associated risks between protein intake
and gallbladder disease are conflicting. In the prospective Nurses’ Health Study,
women with increased vegetable protein consumption had reduced risk of develop-
ing symptomatic gallstones [108] and lower risk for cholecystectomy [109], but two
case-control studies [45, 106] and one other prospective cohort study [42] found no
association between gallbladder disease and protein intake. A more recent study has
measured the associations between gallbladder disease and protein intake patterns,
separated by quantity and type (vegetable vs. animal), among postmenopausal
women [110]. They concluded that vegetable protein intake is inversely associated
with gallbladder disease risk in postmenopausal women. In addition to weight man-
agement, healthcare providers could emphasize vegetable protein as an additional
dietary modality to promote lower risk for gallbladder disease. In general, the results
suggest that the intake of origin and composition of dietary proteins might be more
important than total protein intake in gallstone disease risk.

2.6 Dietary fiber

Dietary fiber includes a wide array of complex substances commonly divided
into soluble and insoluble components. Some observational studies have illustrated
an inverse relationship between dietary fiber intake and the prevalence of gallstones
[111, 112]. Another study investigating the effect of diet as a risk factor for cholesterol
gallstone disease implicated that lower dietary fiber and higher refined sugar intake
were associated with propensity of gallstone formation [10]. Another study shows
a protective effect of dietary soluble fiber against cholesterol gallstone formation
[113]. In addition, a large number of epidemiological studies have reported an inverse
association between insoluble dietary fiber and gallstone disease [40, 41]. In general,
by decreasing the intestinal transit time, dietary fibers may reduce the persistence of
bacteria located in the colon, which leads to a decrease in the production of second-
ary bile acids such as deoxycholate, and subsequently, less bile acids are absorbed
[114, 115]. Increasing the absorption of deoxycholate can stimulate biliary cholesterol
saturation [16, 116]. Significant reverse associations were observed between odds of
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gallstone disease and each category of dietary fiber intake. The relationship between
dietary fiber intake and the risk of gallstones was more prominent in overweight and
obese subjects than in subjects with a normal body mass index [117]. It appears that
the fiber effect is multifaceted and potentially extremely complex in its influence on
lipoproteins, bile acids, bile lipids, and intestinal sterols, including metabolism by
the large bowel flora; therefore, an independent effect of fiber on gallbladder disease
needs to be carefully analyzed.

Healthy nutrition recommends eating foods rich in fiber such as fruits and
vegetables (FVs). Many constituents of fruits and vegetables may reduce the risk
for gallstones, but prospective data relating fruit and vegetable intake to gallstone
disease are sparse. An identification of the relationship between vegetables and fruits
consumption and gallstone disease may provide the opportunity to reduce occurrence
of gallstone disease. Higher consumption of fruit and vegetables is recommended as
part of a healthy diet, which might be protective against gallstone disease [118, 119].
However, no unequivocal correlation of FVs consumption with the risk of developing
gallstones has been identified. The protective role of FVs consumption on decreasing
gallstone risk has been reported in several studies, [110, 120-123], whereas other
studies could not confirm an association [124-127]. In addition, FVs consumption
has been revealed to be negatively correlated with gallstone risk in other researches
[125, 128]. Moreover, a linear dose-response correlation indicated that gallstone risk
was reduced by 3 and 4% for every 200g per day increment in FVs consumption,
respectively [129]. This inverse association can be explained because a higher FVs
consumption increases dietary fiber, which shortens the intestinal transit [114], and
dietary fiber has been inversely related to gallstone disease risk [130]. Experimental
researches indicated that dietary fiber might decrease both total and LDL cholesterol
by increasing bile acid excretion and decreasing hepatic synthesis of cholesterol
[131]. In addition, higher FVs consumption possibly reduces fat intake [114]. A recent
systematic review and meta-analysis has supported the thesis of a high consumption
of FVs as a healthy diet and its recommendation for people to decrease the risk of
symptomatic gallstone disease requiring cholecystectomy [129].

2.7 Vitamins and minerals intake

Clinical and experimental data in guinea pigs reported in the 1970s suggested a
potential protective effect of vitamin C on the formation of gallstones [132, 133].
Furthermore, animal experiments have shown that animals deficient in vitamin C
more frequently develop gallstones [134, 135]. An increased development of gall-
stones in subjects with vitamin C deficiency might also exist in humans [136]. While
areport showed that short-term subclinical vitamin C deficiency in five healthy
volunteers did not increase the lithogenic potential of gallbladder bile as it did in
guinea pigs fed a high cholesterol diet, another study described changes in the bile salt
composition and biliary phospholipid levels of vitamin C treated cholesterol gallstone
patients and also found support for the notion that vitamin C supplementation might
influence the conditions of cholesterol gallstone formation in humans [137, 138]. In
humans, observational studies have also suggested an inverse association between
vitamin C intake and gallstone disease [24, 121, 139, 140]. Another study evaluated
the potential association of regular vitamin C supplement use on gallstone preva-
lence, as assessed by ultrasonography and patient’s history, in a cross-sectional survey
of randomly selected subjects from the general population. They concluded that
gallstone prevalence was half in subjects with regular intake of vitamin C (powder,
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tablets or capsules) as compared to those not taking the vitamin [141]. A group of
patients with cholelithiasis and elective surgery were treated with vitamin C (2 g per
day for 2 weeks) orally for 2 weeks before surgery. Vitamin C supplementation did not
change significantly plasma lipids and bile lipid concentrations, but in supplemented
patients, significant reductions in biliary vesicular cholesterol content and biliary
vesicular cholesterol/phospholipid ratio were observed [142]. Summing up, a vitamin
C deficiency appears to promote gallstone formation, whereas a vitamin C supple-
ment prevents lithogenesis. Vitamin C modulates the hepatic and biliary pathways

of cholesterol homeostasis by promoting the conversion of cholesterol into bile acids
through liver 7a-hydroxylation, by prolongation of the crystallization time [138] due
to qualitative changes in the bile acid composition, and by a decrease in the choles-
terol content of the thermodynamically unstable vesicles in the bile [142].

There are few studies on other vitamins and minerals. Calcium intake was
inversely associated with gallstone incidence [24, 41, 143], but others found no
association [44, 144]. Calcium may alter the composition of bile by preventing the
reabsorption of secondary bile acids in the colon, thus reducing the deoxycholate and
cholesterol content of the bile [145].

Animals receiving an iron-deficient diet were more likely to have cholesterol
crystals in their bile than those on the control diet, suggesting that a low-iron diet may
increase the risk of forming gallstones [146]. Some studies have reported associations
with vitamin E [144], folate, or magnesium deficiency [147], but they are few and
inconclusive [24, 144].

2.8 Coffee consumption

Metabolic studies suggest that coffee intake may influence gallstone formation
[148-153]. Many studies indicate a potential protective effect of caffeine on gallstone
formation [154-159]. On the other hand, other studies are not so clear in showing
this effect [105, 160, 161], showing contradictory results. The effect is mainly medi-
ated by the decreased hepatic synthesis and secretion of cholesterol [151, 153] and
a positive effect on gallbladder motility [148, 150] and intestinal [162]. An inverse
association between coffee consumption and risk of cholecystectomy in women who
were premenopausal or used hormone replacement therapy but not in other women
or in men was observed [163]. This indicates that the observed association between
coffee consumption and cholecystectomy depended on the presence of female sex
hormones. In view of the heterogeneous findings from other studies, the true nature
of this association is yet to be established.

2.9 Alcohol consumption

Notwithstanding that alcohol consumption is a known risk factor for many
chronic diseases and malignancies [164-166], there have been many clinical epide-
miological studies regarding the negative correlation between alcohol consumption
and gallstone disease risk. There were two published meta-analyses regarding the
correlation between alcohol consumption and gallstone development risk [167, 168].
One meta-analysis found no significant correlation between alcohol consumption
and incidental gallstone risks [167]. Another meta-analysis showed a statistically
significant, inverse relationship between the highest and lowest consumption cat-
egories (RR, 0.62; 95% CI, 0.49 to 0.78), whose pooled risk reduction was larger than
that of the overall drinking data relative to nondrinking or to the lowest category in
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this meta-analysis [168]. Other study discovered a trend of linear decline in gallstone
disease risk according to an increase in alcohol consumption and a weakened linear
trend between 28 and 40 g/day compared to that of under 28 g/day in the overall and
case-control studies but not in the cohort studies [169]. Later studies demonstrated
an inverse relation between consumption of different alcoholic beverages (wine, beer,
liquors) and the risk of cholecystectomy [170], while a protective effect of small doses
of alcohol (particularly in men) was documented in the cohort from the European
Prospective Investigation into Cancer-Norfolk (EPIC-Norfolk) [171]. However, the
topic is controversial in many respects: not all studies have confirmed the protective
effect of alcohol on gallstone disease [105, 172]. Such general pathophysiological
effect of alcohol on biliary function needs clinical confirmation. Alcohol inhibits the
cholesteryl ester transfer protein (CETP)-mediated conversion of HDL into low-
density lipoprotein (LDL)-cholesterol [173]. This step is followed by increased HDL
cholesterol concentrations, which are inversely correlated with biliary cholesterol
saturation [174, 175]. Small doses of alcohol also stimulate gallbladder contractility
through increased cholecystokinin release [176, 177]. In general, the results of the
effect of alcohol on gallstone formation are inconsistent, and it appears that the
metabolic status of the host may be an important variable.

2.10 Nicotine and lithogenic diet

Some research has shown an influence of smoking on the development of
gallstones [178, 179]. On the other hand, several studies suggest that smoking is not a
risk factor for gallstones and even has the opposite effect [180, 181]. Compared with
nonsmokers, older smokers who smoke for most of their lives have a lower risk of gall-
stone disease [182]. Megalin and cubilin proteins are expressed in gallbladder epithe-
lial cells but not in hepatocytes. Dysregulation of megalin and cubilin at the mRNA
and protein levels has been found in either humans or mice with gallstones [183, 184].
It was shown that bile acids can regulate the expression of megalin and cubilin,
an effect that appeared to be mediated by the bile acid nuclear hormone receptor
farnesoid X receptor (FXR) [185]. FXR can regulate the synthesis of bile acidsin a
tissue-specific manner, regulating bile acid reabsorption, maintaining bile acid cycle
homeostasis, and reducing cholesterol and fat production [186]. In animals treated
with a lithogenic diet, it was found that nicotine did not prevent cholesterol gallstone
formation, but decreased biliary cholesterol secretion, retarding phase transition of
cholesterol and that this is likely due to nicotine changing the expression of FXR/
megalin pathway [187]. Despite unlikely therapeutic applications, nicotine might have
potential beneficial effects for anti-lithogenic activity. However, further assessment
of the direct effect of megalin and cubilin regulated by nicotine on gallstone forma-
tion is required.

3. Diet after cholecystectomy

Previous studies show that long-term abdominal symptoms are present in up
to 40% of patients after laparoscopic cholecystectomy [188-190], which are sum-
marized as “postcholecystectomy sindrome” It is thought that the symptoms are not
caused by, but are exacerbated by, the cholecystectomy. Symptoms may include upset
stomach, nausea, vomiting, gas, bloating, diarrea, or persistent pain in the upper
right abdomen. The absence of the gallbladder after a cholecystectomy was reported
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to cause rapid enterohepatic recycling, an increase in the secretion and a decrease in
the reabsorption of bile acid, and a shortened colonic transit time [191, 192]. Some
patients who underwent cholecystectomy experienced diarrhea, which could be asso-
ciated with the malabsorption of bile acid [193]. In addition, patients may experience
symptoms of gastritis secondary to duodenogastric reflux of bile acids [191]. These
abdominal symptoms suggest a relationship between cholecystectomic symptoms and
diet, although the details of this association remain unclear.

There is not a standard guideline for medical nutrition theraphy postcholecys-
tectomy. Many studies have focused on the relationship between a high-fat diet and
postcholecystectomic syndromes [194-197]. A high-fat diet could be associated with
postcholecystectomic diarrhea, due to the changes in bile acid metabolism. However,
more recent research has not found a significant association between the intake of fat
and the risk for postcholecystectomic syndromes [198, 199]. A low-fat diet does not
seem to have an influence on the improvement of symptoms after cholecystectomy
[199]. Despite this, it is recommended that fat intake should be limited for several
months to allow the liver to compensate for the gallbladder’s absence, should be
introduced gradually, and excessive amounts at any one meal should be avoided
[200]. Eggs could be a source of animal protein and cholesterol, which were also
positively associated with the risk of postcholecystectomic syndromes [198]. Intake of
protein had been reported to slow gastric emptying in healthy volunteers [201], and
dietary cholesterol increased fecal excretion of bile acids in rats [202]. Malabsorption
of bile acids has been shown to cause postcholecystectomic diarrhea [193, 203], since
the absence of a gallbladder caused more rapid enterohepatic recycling of bile acids,
increased bile acid secretion [193], and shortened colonic transit times [192]. The
aforementioned studies suggested that excretion and malabsorption of bile acids
could be exacerbated by cholesterol intake in patients with cholecystectomies. On
the other hand, an increased fiber intake will help normalize bowel movements. It
is recommended to increase fiber intake slowly, over several weeks [198, 200]. It has
been suggested that adding soluble fiber to the diet will act as a sequestering agent
and bind the bile in the stomach between meals to avoid gastritis [204]. In addition,
symptomatic patients consumed more bread-based breakfast foods, while asymptom-
atic patients consumed more rice [198]. Another study found that the risk of nonal-
coholic fatty liver disease (NAFLD) was negatively associated with a healthy dietary
pattern of consuming whole grains, legumes, vegetables, fish, and fruit and with an
erythrocyte level of n-3 polyunsaturated fatty acids rich in fish [205].

Therefore, it is important for patients who have undergone cholecystectomy to
maintain a healthy diet that is rich in whole grains, legumes, vegetables, fish, and fruit
and low in animal protein, cholesterol, and eggs. Additionally, it is recommended to
avoid refined grains, meat, processed meat, and fried foods, which were positively
associated with the risk of NAFLD [205]. However, each patient’s dietary needs may
vary, and it is recommended to consult with a healthcare professional or a registered
dietitian for personalized dietary recommendations.

4, Conclusion

The high prevalence of cholesterol gallstones, the availability of new information
about pathogenesis, and the relevant health costs due to the management of chole-
lithiasis in both children and adults contribute to a growing interest in this disease.
Gallstone formation is multifactorial, resulting from an intricate interaction between
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multiple genetic, environmental, and lifestyle determinants. Cholelithiasis appears as
the expression of systemic unbalances that, besides the classic therapeutic approaches
to patients with clinical evidence of symptomatic disease or complications (mainly
surgery), could be managed with tools oriented to primary prevention such as diet
and lifestyle changes, which could imply a reduction in both prevalence and health
costs. A major intervention in the general population should include lifestyle change,
including dietary models able to possibly reduce the risk of gallstones mainly acting
on lipid metabolism and metabolic pathways leading to gallstone formation. The
risk of developing gallstones appears to increase with some dietary factors such as an
increased of energy intake, low dietary fiber content, high refined sugar intake, and
high fructose and fat intake and, on the other hand, to decrease with others like olive
oil consumption (w-3 fatty acids), high intake of monounsaturated fats and fiber,
vegetables and fruits, vitamin C supplementation, nut consumption, dietary magne-
sium-calcium-iron supplementation, and moderate alcohol consumption (Figure 1)
(1,13, 15].

The complex and variable interactions of such pathogenic factors contributing
to cholesterol cholelithiasis require a comprehensive discussion to correctly address
the management of the disease. Studies that defined specific population with the
consideration of multidimensional factors should be employed during the screening
of populations with cholelithiasis. A better understanding of the role of diet in the
formation of gallstones can provide resources and education to those patients who
have been diagnosed with symptomatic gallstones and can also aid in the prevention
and therapy of cholelithiasis.
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Abstract

Gallstone disease (GSD) refers to all the patients with symptoms due to gallstones
(cholelithiasis). The presence of gallstones is a common problem seen in 10-15% of
western population; with 1-4% of the population developing symptoms. The most
common presentation of patients of GSD is biliary colic. There are several mechanism
for cholelithiasis and all these processes are slow. Cholesterol stones are the most
common variety of gallstones. Cholesterol stones cannot form if the gallbladder is
completely emptied several times a day. Therefore, the total or partial extension of
bile storage due to impaired gallbladder movement seems to be an important factor
for cholelithiasis. Gallbladder dysmotility is an important risk factor for the develop-
ment of GSD. Insufficient gallbladder motility may be associated with many risk
factors for cholesterol gallstone formation, such as pregnant women, obese patients,
and their rapid weight loss, diabetes mellitus, and patients receiving total parenteral
nutrition. Transabdominal ultrasound is the mainstay in the evaluation of patients
with GSD. The presence of gallbladder dysfunction can be studied using cholecystoki-
nin (CCK)-stimulated cholescintigraphy to evaluate for gallbladder ejection fraction
(GBEF); with values <40% after 30 mins of CCK infusion considered diagnostic. The
definitive treatment of GSD is cholecystectomy.

Keywords: gallstone disease, cholelithiasis, pathogenesis of gallstones, gallbladder
dysmotility, cholecystectomy

1. Introduction

Gallstone disease (GSD) is one of the most common diseases affecting 10-15% of
adult population. Out of this, 80% of the individuals are asymptomatic and the disease
is detected incidentally while performing abdominal ultrasound for any other pathology
or during screening. The asymptomatic patients may eventually experience symptoms
~2-3% per year, reaching up to 10% by 5 years. The complicated GSD affects 1-2% of
patients with GSD [1]. The complications of GSD include cholecystitis, pancreatitis and
gallbladder cancer. The incidence of GSD is more in female gender and increases with
age. The formation of gallstones are multifactorial. There are some local factors in the
gallbladder, which include dysmotility of the gallbladder, inflammation of gallbladder
wall and mucin accumulation in the gallbladder. Other local factor is in the bile, which
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consists of supersaturation of cholesterol. Bile contains mixed micelles which are com-
posed of cholesterol, phospholipid and bile salts. The bile is thermodynamically stable
under the action of mixed micelles and cholesterol does not precipitate. There is varia-
tion in the relative concentration of cholesterol in bile. When the cholesterol is supersat-
urated in the bile then precipitation of cholesterol happens, which forms the cholesterol
gall stones. Cholesterol stones are the most common variety of gallstones. There are some
systemic factors which include expression and activity of nuclear receptors, hormonal
factors (insulin resistance), altered cholesterol metabolism, altered intestinal motility
and gut microbiota [2]. Surgery is the mainstay in the treatment of symptomatic GSD or
gallstones with complications.

2. Risk factors and pathogenesis

The pathogenesis of gallstones are multifactorial including a variety of genetic and
environmental factors. The risk factors for gallstones are modifiable and non-modifiable.
The age, sex, race, and genetic factors are nonmodifiable whereas metabolic syndrome,
intestinal microflora disorders, impaired gallbladder motility, and immune disorders
are important modifiable factors. Pathogenesis of gallstones include local factors in
the gallbladder and bile, and systemic factors like elevated proinflammatory proteins
(interleukin-6,10,12,13) [2-4]. The local factors in the gall bladder include gallbladder
dysmotility, hypersecretion and accumulation of mucin gel in the gall bladder lumen.
The local factors in the bile consists of rapid phase transition of cholesterol from super-
saturated hepatic bile and local immune mediated inflammation in the gallbladder [2].

2.1 Age and sex

The gallstones are more common in older individuals and in female gender.
Increased incidence in female is because of influence of estrogen on cholesterol
metabolism.

2.2 Family history

Family history of gallstones increases the risk of development of GSD. A Swedish
study done on twins in 43,141 patients showed that 25% of risk of GSD is determined
by the underlying genetic predisposition [5]. These studies confirmed specific gene
polymorphism in the formation of gallstones but the environmental factors including
diet and physical activity have also the crucial role [6-11].

2.3 Pregnancy

Pregnancy is a risk factor for the development of cholesterol stones. This is due to
change in the bile composition and delayed gallbladder emptying, which promotes the
formation of gallstones.

2.4 Metabolic causes

Elevated non-HDL cholesterol (dyslipedemia) is associated with increased risk of
gallstones. Diabetes mellitus is also associated with an increased risk of cholesterol
gallstones. Insulin resistance appears to be an important cause for GSD [12].
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2.5 Obesity

Obesity has been established as a risk factor for the development of cholesterol
gallstones. This is due to enhanced cholesterol synthesis and secretion. The risk of
development of gallstones seems to be higher in females, especially in those with
morbid obesity [13].

2.6 Rapid weight loss

Higher rates of gallstones have been reported to be associated with rapid weight
loss; especially those on very low calories (diet with <800 kcal/day) or after gastric
bypass. The exact mechanism by which weight loss cause gallstones are not known,
however, the levels of biliary mucin and biliary calcium levels have been noted to be
much higher compared to the general population; these factors may promote choles-
terol nucleation and gallstone formation [14].

2.7 Drugs associated with formation of gallstones

Some drugs are associated with the development of gallstones like fibrates, soma-
tostatin analogues, hormone replacement and OCPs.

2.8 Conditions causing gallbladder stasis

Prolonged fasting and treatment with parenteral nutrition are associated with
increased gallbladder stasis. The cause of biliary stasis is attributed to the lack of
enteral stimulation of gallbladder and lack of enterohepatic circulation of bile acids in
patients with ileal resection. Interruption of the enterohepatic circulation of bile acids
results in the reduction of hepatic bile acids and resulting in increased lithogenicity of
hepatic bile, which tends to become supersaturated with cholesterol. Normal gallblad-
der absorbs the water from bile making it concentrated. Due to gallbladder stasis the
bile becomes overly saturated with cholesterol, causing gallstone formation.

2.9 Gallbladder dysmotility

This entity is considered as a risk factor for the development of GSD. The cause
of gallstone in dysmotility may be attributed to gallbladder stasis. Gallbladder dys-
motility in some cases may be attributed to decreased sensitivity of gallbladder to
cholecystokinin (CCK) [15]. Defective intrinsic innervation causes marked reduction
in the neurons and interstitial cells of cajal like cells (ICLCs) in the gallbladder. They
have a role in the motility of the gallbladder. It has been observed that ICLCs density
is markedly reduced in the gallbladder with stones. The reduced density of ICLCs
decreases the gallbladder motility [16].

2.10 Immune disorders

Cholesterol secretion is increased by inflammatory mediators. These mediators
promote lipid secretion and metabolism in liver. It causes cholesterol supersaturation
in the bile. Bile contains low concentration of various immunoglobulins including
IgA, IgG and IgM. The IgM is most effective in the gallstone formation in supersatu-
rated bile [17].
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2.11 Intestinal microflora disorder

Studies showed that the caecum of the patient with gall stones have increased
number of gram positive anaerobes with increased 7a-dehydroxylation activity. These
causes increased concentration of deoxycholate (secondary bile acid) which is more

hydrophobic and lithogenic [18].

3. Types of gallstones

The gallstones are usually composed of a mixture of cholesterol, calcium salts of
bilirubinate or palmitate, proteins, and mucin. The gallstones are mainly classified
into 3 groups- cholesterol stones, black pigment stones and brown pigment stones.
Cholesterol stones are the most common variety of stones usually seen in patients
with genetic or environmental predispositions. These stones occur due to the super-
saturation of bile with cholesterol and consist of calcium salts of bilirubinate and pal-
mitate. Black pigment stones are usually found in patients with hemolysis and consist
primarily of calcium bilirubinate. The brown pigment stones are found in association
with bacterial or parasitic infection of the biliary system. They may also be found in
the bile ducts due to biliary system manipulation. Regarding the prevalence of the
type of gallstones, the most common variety is the cholesterol stones accounting for
~75% of gallstones, black stones accounting for 20% and brown stones accounting
for 5% [19].

4. Pathophysiology of gallstone formation

The mechanism of gallstone formation amongst the various types of gallstones are
mentioned below.

4.1 Cholesterol gallstone formation

The main route of cholesterol excretion from the body is via biliary secretion.
Cholesterol is a hydrophobic molecule, which is relatively insoluble in bile. Bile salts
and phospholipids are incorporated in micelles with cholesterol to increase their solu-
bility. The excess cholesterol is usually kept in vesicles (not in micelle). These vesicles
usually contain cholesterol with phospholipids. The vesicle cholesterol nucleation
occurs when they get supersaturated with cholesterol. Vesicles are said to be super
saturated when the vesicle cholesterol/phospholipid ratio is >1 [20]. The supersatu-
rated vesicles may get aggregated from unilamellar to multilamellar vesicles and later
the process of cholesterol crystal nucleation occurs. The bile is concentrated 3—4 folds
in the gallbladder due to water absorption and progressively increasing cholesterol
in the micelle due to the preferential solubilization of bile salts with phospholipids
leaving supersaturated bile cause cholesterol nucleation and this explains why the
gallstones are usually seen in gallbladder than anywhere else in the biliary tree. There
are some factors that can further promote gallstone formation like IgM, IgG, hap-
toglobins, alpha-1 acid glycoprotein, alpha-1 antichymotrysin and mucin, based on
various invitro and in vivo studies [21]. Gallbladder dysmotility is another important
factor for the development of cholesterol nucleation, since it causes stagnation of bile
leading to crystal aggregation.
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4.2 Black pigment stone formation

The black pigment stones are formed in cases of haemolytic anemia. They are
primarily composed of calcium bilirubinate and tend to occur due to high levels of
bilirubin (10-fold) which are excreted in bile due to haemolysis [22].

4.3 Brown pigment stone formation

The brown pigment stones are primarily seen in bacterial infection of the bile
ducts by organisms such as E. Coli, Bacteroides, Clostridium, Clonorchis sinensis,
and Ascaris lumbricoides. These organisms produce the enzyme, Beta glucuronidase,
phospholipase A, and bile acid hydrolase which lead to increased amounts of uncon-
jugated bilirubin which combine with calcium resulting in stone formation. The
parasites may stimulate stones formation by the presence of calcified eggs, which may
serve as a nidus and enhance the precipitation of calcium bilirubinate [23].

5. Clinical features

Most individuals with the presence of gallstones are asymptomatic, usually diag-
nosed on screening imaging. The most common presenting symptoms of patients
of GSD is abdominal pain, termed as biliary colic (Table 1). It typically starts as a
dull discomfort in the right upper abdomen, severe in intensity with radiation to
the back. It is usually associated with diaphoresis, nausea, and vomiting. The term
biliary colic is considered as a misnomer since the pain is usually constant and not
colicky. The pain in biliary colic usually lasts 30 minutes, plateauing in an hour and
starts to subside. The episode of pain in biliary colic usually lasts <6 hours [24]. The
pain is classically triggered by a fatty meal, which causes gallbladder contraction
with cystic duct blocked by stones, leading to increase pressure inside the gallblad-
der. However, this association is not universal [25]. The pain subsides when the
gallbladder relaxes, leading to the stones blocking the cystic duct to fall back into the
gallbladder. Some individuals can also present with atypical symptoms such as bloat-
ing, belching, nausea, vomiting or abdominal distention. Few patients of GSD may
also present with complications related to gallstones like cholecystitis, choledocho-
lithiasis, cholangitis, gallstone induced pancreatitis, Mirizzi syndrome or gallstone
ileus. The important definitions regarding the presentation of gallstones diseases are
mentioned in Table 2.

* Pain in the epigastrium or right upper quadrant

¢ Increase in severity over 30 minutes

* Pain plateaus within an hour

* Duration lasts <6 hours

« Severe enough to disrupt routine activities or lead to hospital visits
* Interval of symptoms can be variable.

* Association with food intake (especially fatty meals)

Table 1.
Featuves of classical biliary pain in GSD.
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* Cholelithiasis/cholecystolithiasis * Refers to the presence of stones in the gallbladder

* GSD * Refers to gallstones causing symptoms

* Uncomplicated GSD * Refers to GSD without gallstone-related complications

* Complicated GSD * Refers to the GSD with gallstone-related complications like acute

cholecystitis, acute cholangitis, gallstone induced pancreatitis,
Mirizzi syndrome and gallstone ileus.

Table 2.
Definitions related to gallstones used in clinical practice.

6. Investigations

The main investigation for the diagnosis of GSD is transabdominal ultrasonogra-
phy. Endoscopic ultrasonography is an alternative investigation done for cases where
the sensitivity of transabdominal ultrasound in low (gallstones <3 mm). Computed
tomography, oral cholecystography and cholescintigraphy (HIDA scan) are tests
which are done in some special circumstance, like those planned for dissolution

therapy (Table 3).

¢ Imaging modality * Salient features

* USG abdomen * Preliminary investigation of choice

* Smaller stones (<3 mm) may be missed

* Computed tomography * Non-contrast CT can assess the stone composition.
* Floating stones (buoyancy) indicates high cholesterol concentration [26].
* Low density (black holes) suggests cholesterol stones.

* Stones with density < 75 HU are susceptible to dissolution; whereas stones
>100 HU dissolve poorly [27].

* Highly calcified stones are unlikely to dissolve.

« If gallstones are not visualized on CT, it means the stones are isodense to
bile. CT density of bile in these cases helps predict the outcome.

* Oral cholecystography * Can help in the assessment of number, size, buoyance, cystic duct patency
and gallbladder concentration ability.

* Oral contrast agents (eg: iopanoic acid) are administered the night before.

* Visualization of the gallbladder suggests adequate intestinal absorption,
secretion into bile by the liver and concentration in the gallbladder.

* Can indirectly measure motor function by the reduction in the size of the
gallbladder on serial radiographs after a fatty meal.

* Gallstone buoyancy can be seen as suggestive of cholesterol stones

* Cholescintigraphy (HIDA * Can be used to identify cystic duct patency.

scan . .
) * Mucosal function cannot be assessed as the concentration of the

tracer in the gallbladder is not needed for visualization, unlike oral
cholecystography.

Table 3.
Summary of investigations to be done before gallstone dissolution therapy.
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6.1 Transabdominal ultrasound

Transabdominal ultrasound is the most common investigation performed for
the diagnosis of GSD. It is readily available, non-invasive, and does not subject the
patient to the harmful effects of ionizing radiation. Overnight fasting or fasting
for 8 hours before the ultrasound evaluation of the gallbladder is recommended
for distension of the gallbladder with bile. This helps in better visualization of
gallstones. The stones are visible as echogenic contents within the lumen of the
gallbladder with posterior acoustic shadowing (Figure 1). These tend to be usu-
ally mobile and deposit according to gravity. Biliary sludge is usually echogenic,
but does not cast posterior acoustic shadows. Gallbladder polyps on the other
hand have a similar appearance as gallstones but do not cast posterior acoustic
shadow. The sensitivity of detecting gallstones by USG is 76-99% and specificity is
99% [28]. However, it has been noted that the sensitivity of gallstones reduces to
50-60% for gallstones <3 mm in size [29].

6.2 Endoscopic ultrasound

Endoscopic ultrasound (EUS) is useful in select few cases of GSD. It is a useful
investigation to detect small gallstones (<3 mm) which may be missed on transab-
dominal ultrasound and in obese patients with difficult visualization of gallstones.
EUS also has the added benefit of visualization of the gastric and duodenal mucosa
which helps in the diagnosis of peptic ulcer disease, which may mimic the symptoms
of GSD. The sensitivity of EUS for the detection of GSD is 96% and the specificity
is 86% [30].

Echogenicfociin
the gallbladder

Posterior acoustic
shadowing

Figure 1.
Shows the presence of gallstones in the gallbladder. Echogenic foci in the gallbladder with posterior acoustic
shadowing.
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7. Prevention of gallstone disease
7.1 Dietary and lifestyle modification

The aim is to maintain the ideal body weight and maintain healthy lifestyle. The
following are recommended:

* Eating three well balanced diet containing adequate fiber and low in saturated
fats. Regular meal timing prevents gallbladder stasis of bile and ensures adequate
emptying.

* Gradual weight reduction of <1.5 kg/month is recommended for obese individu-
als. Diet containing <800 kcal/day is not recommended.

* Regular exercise will help to maintain the body weight.

* Enteral feeds are always recommended over parenteral. Patients who are on
parenteral nutrition should be periodically assessed for the resumption of enteral
nutrition.

* Diets rich in poly and monounsaturated fats inhibits cholesterol gallstone forma-
tion and thus reduce the risk of the development of gallstones [31].

* Coffee consumption has been associated with decreased risk of developing
gallstones. The exact mechanism is not known, probably attributed its effect on
cholesterol gallstone formation [32].

7.2 Ursodeoxycholic acid supplementation

Ursodeoxycholic acid (UDCA) is recommended for the prevention of gallstones due
to rapid weight loss in patients undergoing bariatric procedures. A dose of 600 mg/day
is usually given in two divided doses. Studies suggest a significant reduction in the rate
of gallstone formation in such patients from ~28% in the placebo group to 3% in patients
on 600 mg/day of the drug [33]. UDCA acts by reducing the intestinal absorption of
cholesterol and improving gallbladder emptying. It is also used for gallstone dissolution
because of its ability to dissolve the cholesterol in gallstones [34].

7.3 Vitamin C supplementation

Vitamin C may have a protective effect on gallstones. The exact mechanism of
action is not known but it is postulated to be due to its effects on the conversion of
cholesterol to bile acid [35].

8. Management of gallstone disease

All patients with symptomatic gallstones are advised for laparoscopic cholecystec-
tomy, this includes both uncomplicated and complicated GSD. The timing of surgery
is maybe decided based on individual patient and surgeon preferences. The debate
on the management of patients with asymptomatic gallstones rages on. The current
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1. Gallbladder adenomas

2.Large gallstones (>3 mm)

3. Porcelain gallbladder

4.Longer duration (>40 years)

5. Regions with higher incidence like Chile, Bolivia, South Korea, China and North India [36]

Table 4.
Gallstones with increased risk of gallbladder cancer.

consensus is to perform cholecystectomy for asymptomatic patients who are at
increased risk of gallbladder cancer (Table 4) [37]. The patients who are unwilling for
surgery or those not fit for surgery may be considered for non-surgical management.

The details of this are mentioned in the subsequent section.
8.1 Non-surgical management

Non-surgical management of GSD is mainly done in asymptomatic patients whereas
cholecystectomy is the treatment of choice in symptomatic gallstones. Non-surgical
management of gallstones is theoretically safer owing to the avoidance of general anes-
thesia and surgical risk; however, these need patients to follow up at regular intervals,
high rates of treatment failure and recurrences and the dissolution therapy for gallstones
mainly works for cholesterol stones. The candidates for successful gallstone dissolu-
tion therapy are mentioned in Table 5. Prospective multicentre trials done on gallstone
dissolution in South Korea shows a response rate of close to 50% in 6 months with the
administration of UDCA [38]. Pre-treatment imaging is recommended before the initia-
tion of dissolution therapy. The main aim of the imaging is to evaluate the composition
of gallstones, number and size of the stones, patency of cystic duct and the concentrat-
ing capacity of the gallbladder. Radioluscency is an important factor for the decision of
dissoluation therapy. CT scan is important before the start of dissolution therapy, since
<50% of gallstones which were radioluscent on abdominal radiograph, turn out to be
hyperdense on CT; thereby not fit for gallstone dissolution therapy. The summary of
pre-treatment imaging in mentioned in Table 3.

8.1.1 Gallstone dissolution therapy

After the proper selection of patients for dissolution therapy (Table 5), treat-
ment with UDCA is initiated. It is given at a dose of 10 mg/kg daily in 2 divided

 Small gallstones (<1 cm)

* Cholesterol stones

* Radiolucent on plane abdominal X-ray
¢ Uncomplicated GSD

* Patent cystic duct

 Normal functioning gallbladder

Table 5.
Gallstone dissolution therapy.
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doses. It acts by dissolving the cholesterol from both the surface and the center of
the gallstone. It also inhibits the intestinal absorption of cholesterol and improves
the gallbladder emptying functions [34]. The calcium in the stones disintegrates
subsequently and is expelled by the contraction of the gallbladder. The cystic

duct must be patent for the drug to enter the gallbladder. Normal gallbladder
mucosa must be functional to absorb the water and to concentrate the drug in the
gallbladder; needed for its ability to dissolve the gallstone. Adequate contraction
of the gallbladder is needed for the dissolve cholesterol and the stone debris to be
expelled from the gallbladder. The dosage of UDCA is given in divided doses since
it helps maintain the drug biliary concentration levels and help in increased stone
dissolution. A study done comparing UDCA and a combination of UDCA with
Cheno-deoxycholic acid (CDCA) in Korea shows comparable results for gallstone
dissolution [39]. CDCA also has more incidence with diarrhea, hypercholesterol-
emia and an increase in liver transaminase levels [40]. Hence, UDCA is the recom-
mended drug of choice for gallstone dissolution therapy. The follow-up of patients
on dissolution therapy is kept every 6 months to 1 year to assess for its response.

It must be remembered that most gallstones dissolve from the inside out, hence
the size of follow-up may not decrease drastically before the external shell of the
gallstone disintegrates. The drug is also continued for 6 months after the complete
dissolution of gallstones. The standard rate of gallstone dissolution is 1 mm/month
[41]. Multiple small stones dissolve faster than a single large stone due to greater
surface area. In a typical patient planned for dissolution therapy (noncalcified
small cholesterol stones with functioning gallbladder), the dissolution rates are
>90% [42]. However, only 10% of individuals with gallstones are fit for dissolution
therapy. Multicentric studies by the British-Italian Gallstone study group found a
mean dissolution of 47% in 6 months and at 12 months. Complete dissolution of
gallstones was found in around 30% of patients by 1 year [40].

8.2 Surgical treatment: cholecystectomy
8.2.1 Surgical anatomy of gallbladder

The gallbladder is located below segment IVb and V of liver. It is a pear-shaped
organ which accommodates ~30 cc of bile but can collect upto ~50 cc of bile. The
gallbladder normally has three parts—fundus, body, and the neck (infundibulum).
The surface landmark of the gallbladder is at the 9th costal cartilage; at the junction of
lateral border of rectus abdominis and the costal margin. The neck of the gallbladder
opens into the cystic duct, which in turn open into the bile duct. A pathological part
of gallbladder is known as the hartmann’s pouch which is an outpouching of the neck
of the gallbladder due to gallstones. The cystic duct is about 2-4 cm long and 1-3 mm
wide; it is <2 cm in length in 20% of individuals [43]. The mucosa of cystic duct
is spirally folded to form the valves of heister. These valves are thought to provide
support to the wall of cystic duct and prevent its collapse [44]. Sphincter of the cystic
duct is called the sphincter of lutkens; which help to regulate the flow of bile from the
gallbladder. The gallbladder is supplied by the cystic artery, branch of right hepatic
artery. Moynihan’s hump is seen in ~15% of individuals, where the right hepatic artery
forms a loop and is found close to the gallbladder, thereby mistaking it for cystic
artery (Figure 2) [45]. Various variations in biliary and vascular anatomy have been
described.
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Moynihan’s hump

<+— Hepaticartery

Cysticartery

Cysticduct
+— Bile duct

Figure 2.
Shows the presence of Moynihan’s hump with short cystic artery. (The right hepatic artery can be easily mistaken
for the cystic artery and divided.)

8.2.2 Laparoscopic cholecystectomy

Laparoscopic cholecystectomy is considered as the gold standard surgery for
cholelithiasis. Indications for cholecystectomy have been illustrated in Table 6. the
procedure is done under general anesthesia. Nasogastric tube decompression is done,

and bladder emptying is ensured.

The standard port positions in laparoscopic cholecystectomy are shown in
Figure 3. The umbilical port is placed either by the veress needle technique or the
open technique. The other three ports are placed under direct vision after the creation
of the pneumoperitoneum. The position of the patient is then turned to reverse
Trendelenburg position with the right side up.

* In North America, the surgeon stands at the patient’s left and the assistant to the
right of the patient. The camera person stands to the left of the operating surgeon.

* In Europe, the patient is in a supine position with abducted legs. The surgeons
stand between the legs of the patient, the camera person stands to the left and

the assistant stands to the right of the patient.

» Symptomatic cholelithiasis

* Asymptomatic cholelithiasis in patients with increased risk of complications/malignancy.
* Acalculous cholecystitis

* Gallbladder polyp >10 mm

* Porcelain gallbladder

Table 6.
Indications of cholecystectomy.
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Figure 3.
Shows the port placement in laparoscopic cholecystectomy.

Dissection steps:

1. Gallbladder exposure—The gallbladder is dissected from adhesions to the omen-
tum, duodenum, and colon. The assistant retracts the gallbladder superior and
laterally using a grasper. If the gallbladder is distended and difficult to aspira-
tion; a wide bore needle is inserted into the gallbladder and the bile is aspirated.

2. Dissection of hepatocystic triangle—The hepatocystic triangle is bounded by
the cytstic duct, inferior edge of liver and the common hepatic duct. All the
fibrofatty tissue is cleared from the triangle. If a large stone is blocking the neck
of gallbladder, it may be pushed into the gallbladder for easier dissection. The
operating surgeon must hold the infundibulum and retract it infero-laterally. The
posterior dissection will need the surgeon to retract the infundibulum supero-
medially. The rouvier’s sulcus is a fissure between the right lobe and the caudate
process of liver. This corresponds to the level of porta where the right pedicle
enters the liver. The recommendation is to stay superior the rouvier sulcus for
safety [46]. R4U line has been described by Gupta and Jain [47], connecting the
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Figure 4.

Show the R4U line connecting the vouviere’s sulcus to base of segment IV until the umbilical fissure. The dissection
is recommended to be done above this plane.

rouvier sulcus, base of segment IV up to the umbilical fissure. The dissection is
recommended to be done above this line for safety (Figure 4).

3. Achieving the critical view of safety—The critical view of safety by proposed
by Strasberg in 1995 to promote the accurate recognition of structures during
laparoscopic cholecystectomy and to prevent the occurrence of bile duct injury
[48]. It is also recognized as part of Society of American Gastrointestinal and
Endoscopic Surgeons (SAGES) and incorporated in the “Safe cholecystectomy
program”. The details of critical view of safety have been shown in Table 7,

(Figure 5). The operating surgeon should be aware of the common variations in
the bilio-vascular anatomy.

4. Division of the cystic artery and duct—The cystic artery and the cystic duct are
fully dissected. The cystic artery is first clipped and divided (two clips proxi-
mally and one clip distally towards the gallbladder). The cystic artery gives of an
anterior and posterior branch, usually close to the gallbladder; however, in some
cases the branching takes place proximally, in such cases the anterior branch may

* There are three components to the critical view of safety:

1. Hepatocystic triangle is cleared of fibrofatty tissue (to note: the CBD and the CHD do not have to be
exposed).

2.Lower third of gallbladder is separated from the cystic plate.

3.Two and only two structures should be seen entering the gallbladder.

Table 7.
Critical view of safety.
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Figure 5.
Duplet view of critical view of safety: (a) anterior; (b) posterior.

be divided instead of posteriorly. Hence the posterior branch must be looked, if
not appreciated can result in troublesome bleeds during cholecystectomy. The
cystic duct is then milked retrograde to push any stones if present in the cystic
duct into the gallbladder. The cystic duct is clipped and divided. Intraoperative
cholangiography can be done at this step if any doubt in the biliary anatomy ex-
ists. Some of the tips shown in Table 8 that can be followed in difficult situations
during laparoscopic cholecystectomy.

5. Dissection of the gallbladder from liver bed- the gallbladder is then dissected
away from the liver bed using hook or spatula cautery. If the dissection is done
in the correct plane, there is usually minimal bleeding. Prior to detachment of
gallbladder from the liver bed, the liver is inspected for any bleeding or bile leak.
The right upper quadrant is irrigated and suctioned. The gallbladder is then fully
detached from the liver surface.

6. Gallbladder extraction: the gallbladder is extracted either from the 10 mm
epigastric port or the 10 mm umbilical port. An extraction bag may be used if
the gallbladder is inflamed, friable or perforated. After the extraction, the right
upper quadrant maybe further irrigated and suctioned. Hemostasis and no bile
leak is ensured. The trocars are removed under direct vision and the 10 mm
trocar sites are closed using appropriate sutures. The skin is approximated using
sutures or staplers. The access sites local anesthesia may be used.

« Tips to follow in difficult situations

* Thorough knowledge of the anatomy and variation must be known.
* A good vision by a good laparoscope

* Obtain critical view of safety whenever possible.

* Recognize the safe and unsafe areas.

* Make liberal use of cholangiography whenever required.

* Intraoperative momentary pause before clipping or dividing.

* Get help from colleague or seniors in difficult situations.

Table 8.
Tips to followed during laparoscopic cholecystectomy.
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8.2.3 SILS cholecystectomy

Single incision laparoscopic surgery (SILS) cholecystectomy makes use of a single
incision for the surgery. Laparoscope with specially made instruments are used for
this procedure. This was first reported by Navarra et al. [49] in 1997 using transab-
dominal sutures to retract the gallbladder. For retraction traction sutures may be
used according to the surgeon discretion. The steps of cholecystectomy are like the
standard 4 port cholecystectomy and the specimen is extracted using a specimen
retraction bag via the umbilical port. The facial defect must be carefully closed to
prevent incisional hernia in future [50]. A preliminary study done in 2012 comparing
the SILS to traditional laparoscopic cholecystectomy shows slightly longer operative
time (~65 minutes) compared to 4 port laparoscopic cholecystectomy which may be
attributable to the learning curve of the procedure. Metanalysis done in 2022 compar-
ing SILS to the standard laparoscopic cholecystectomy shows less immediate post-
operative pain in the group; but similar pain on days 1 and 2 of the procedure, longer
operative time, and more complications than in conventional 4 port laparoscopic
cholecystectomy. Complications including bile leak, intra-abdominal collection, and
surgical site wound infection were found to be higher in the SILS group. Conversion
from laparoscopy to open surgery was similar in both groups [51]. Hence, this is an
alternative technique of laparoscopic cholecystectomy and further studies are war-
ranted for the evolution of the technique.

8.2.4 NOTES cholecystectomy

Natural orifice transluminal endoscopic surgery (NOTES) cholecystectomy, via
transvaginal approach, has gained some popularity in recent years. Ricardo Zorron
from Brazil in 2007 published the first report on transvaginal hybrid notes [52].
The procedure is done by placing the laparoscope (10 mm) via the posterior vagina
and 5 mm umbilical port. The access may be done through the stomach, urinary
bladder, or colon. The critical view of safety may be slightly different compared
to a standard 4-port laparoscopic cholecystectomy owing to a different viewing
angle. However, the cystic artery and the duct are dissected and clipped like the
laparoscopic technique. It must be noted some challenges might be encountered
during specimen extraction from the vagina using the specimen retrieval bag.
Meta-analysis comparing the NOTES cholecystectomy with the laparoscopic
cholecystectomy shows no significant difference regarding the safety of the pro-
cedure or wound complications. It was noted that the operating time for NOTES
cholecystectomy was significantly longer than laparoscopic cholecystectomy by
around 34 minutes; however, the postoperative pain was less in the NOTES chole-
cystectomy group [53]. Hence, this is an alternative technique of cholecystectomy,
however, needs good procedural training, specially designed surgical instruments,
and further studies to validate for general use.

8.2.5 Robotic surgery (robotic assisted cholecystectomy)

Robotic surgery has many advantages including the 3D view, enhanced instrument
articulation, intraoperative fluorescence imaging and precise movements. Docking
of the robot is done, and the steps of surgery are like the laparoscopic surgery. Studies
done comparing laparoscopy with robotic surgery show longer operative time for
robotic surgery with comparable conversion and complication rates. There was also
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no significant difference in the length of hospital stay, surgical site infection or read-
missions. However, it has to be mentioned that the hospital costs of robotic surgery
are significantly higher than that of laparoscopic surgery [54].

9. Conclusion

GSD is one of the most common diseases affecting 10-15% of adult population.
Eighty percent of these individuals are asymptomatic. Biliary colic is the most com-
mon presentation. Pathogenesis of the gallstones are multifactorial which include
non-modifiable and modifiable factors. Cholesterol stones are the most common
variety of gallstones. Cholesterol gallstones cannot form if the gallbladder is com-
pletely emptied several times a day. Therefore, gallbladder dysmotility seems to be
an important factor for cholelithiasis. Gallbladder dysmotility may be attributed
to decreased sensitivity of the gallbladder to CCK. It has been observed that ICLCs
density is markedly reduced in the gallbladder with stones. The reduced density of
ICLCs decreases the gallbladder motility. Transabdominal ultrasound is the mainstay
in the evaluation of patients with GSD. The presence of gallbladder dysfunction can
be studied using CCK-stimulated cholescintigraphy to evaluate for gallbladder ejec-
tion fraction (GBEF); with values <40% after 30 mins of CCK infusion considered
diagnostic. The definitive treatment of GSD is cholecystectomy and laparoscopic
cholecystectomy is considered as gold standard.
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Abstract

Gallbladder carcinoma is a form of cancer that develops in the gallbladder, an
organ located beneath the liver. This condition poses a clinical challenge due to its
late diagnosis and aggressive tumor behavior. Risk factors include the presence of
gallstones, advanced age, and obesity. Diagnosis of gallbladder carcinoma requires
the use of various diagnostic techniques such as ultrasound, computed tomography,
and magnetic resonance imaging. Cholecystectomy, the surgical removal of the
gallbladder, is the primary treatment for gallbladder carcinoma. However, manage-
ment and treatment may require a multidisciplinary approach, which can also involve
chemotherapy, radiation therapy, and targeted therapies. Increased awareness of this
disease is necessary to improve early diagnosis and treatment options, ultimately
enhancing survival rates and improving the quality of life for patients with gallblad-
der carcinoma.

Keywords: gallbladder, cancer, surgery, cholecystectomy, management, treatment

1. Introduction

Gallbladder cancer is a rare and highly aggressive malignancy that presents
significant challenges for diagnosis and treatment [1]. Although it is a relatively
uncommon cancetr, its poor prognosis and the lack of effective treatments make it a
significant concern for patients and healthcare providers alike [2]. Gallbladder cancer
is often asymptomatic in its early stages, making it difficult to detect and diagnose
[3]. Additionally, there are several risk factors associated with gallbladder cancer,
including gallstones, chronic inflammation, obesity, and genetic factors, which
further complicate the diagnostic process [1].

Treatment of gallbladder cancer typically involves surgery, but the extent of resec-
tion depends on the stage of the tumor [2]. Adjuvant therapies such as chemotherapy
and radiation therapy have limited efficacy in the treatment of gallbladder cancer,
but they may be used in select cases [3]. In this chapter, we will discuss the anatomy,
pathogenesis, diagnosis, and treatment of gallbladder cancer, as well as its prognosis
and follow-up care.
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2. Anatomy

The gallbladder is a pear-shaped organ located on the underside of the liver in the
right upper quadrant of the abdomen. It measures approximately 7-10 cm in length
and 3-5 cm in diameter when fully distended [1]. The wall is thin with a thickness of
2-3 mm, and the mucosa has a simple columnar epithelium. Underneath, without a
true submucosa, a single smooth muscle layer with longitudinal, circular, and oblique
arrangement of fibers is observed.

The gallbladder is divided into three parts: the fundus, the body, and the neck
(Figure 1). The fundus is the most distal portion of the gallbladder and projects
beyond the inferior margin of the liver. The body of the gallbladder is in the midpor-
tion of the organ, while the neck is the narrowest portion of the gallbladder, which
connects it to the cystic duct [4].

The gallbladder is supplied by the cystic artery, which is a branch of the right
hepatic artery. The cystic vein drains into the portal vein. The gallbladder is inner-
vated by the cystic nerve, which is a branch of the hepatic plexus. The cystic duct is
the narrow tube that connects the gallbladder to the common bile duct, which carries
bile from the liver to the small intestine [5].

The gallbladder functions as a storage and concentration reservoir for bile, a fluid
produced by the liver that aids in the digestion and absorption of fats. When food
enters the small intestine, the gallbladder contracts and releases stored bile into the
duodenum via the common bile duct. The presence of gallstones, inflammation, or
tumors in the gallbladder can disrupt this normal process and lead to various patholo-
gies, including gallbladder cancer [1].

3. Pathophysiology and risk factors

For along time, Cholangiocarcinoma (CC) has been regarded as an appropriate
model for illustrating the relationship between chronic inflammation and cancer. In

Dotto epatico sinistro

Dotto epatico destro

Dotto cistico

Cistifellea:
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comune

Figure 1.
Gallbladder anatomy.
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1920, Archibald Leitch chose to study CC due to its association with a “..particular
endogenous irritant,” gallstones. He implanted human gallstones, pebbles, and tar
pellets into the gallbladders of guinea pigs and observed a progressive worsening,
starting from epithelial desquamation to lesions, and in some cases, the emergence
of invasive adenocarcinomas [4]. He repeated the same experiment using melted
lanolin, a soft material capable of causing repeated damage to cells, which did not,
however, induce any macroscopic changes in the gallbladder. Leitch concluded that
the damage was caused not by the nature of the irritant but by the mere presence of a
foreign body, which was responsible for the development of a “[...] pathological state
of the tissues” predisposing to the onset of cancer [6], the individual risk factors for
gallbladder carcinoma:

* Ethnicity: It plays a colossal role in both the prevalence of gallbladder disease and
the composition of gallstones. Cholesterol stones prevail in the Western world,
while pigment stones are more common in Asia. Gallbladder cancer is rare in
industrialized countries. In the United States, it accounts for 0.5% of gastro-
intestinal malignancies, with fewer than 5000 cases per year (1-2.5 cases per
100,000) [5]. Worldwide, gallbladder carcinoma has a low incidence, less than
2 cases per 100,000, although there is considerable variability. High incidence
rates are found in Native Americans of North and South America, resulting in
unusually high mortality rates, particularly among women. For example, in La
Paz (Bolivia), the incidence is 15.5 per 100,000 in women (compared to 7.5 per
100,000 in men), and in New Mexico, it is 11.3 per 100,000 in women (com-
pared to 4 per 100,000 in men). Furthermore, gallbladder carcinoma is one of
the leading causes of cancer-related death in the female population of Chile, sur-
passing even breast, lung, and cervical cancer. In fact, it has been observed that
in certain populations in North America (Native Americans of Western America
and New Mexico), the incidence of gallbladder cancer is statistically higher (the
annual incidence of gallbladder carcinoma per 100,000 individuals with gall-
stones is 74.9% in females of this race, with a range from 65.3 to 87.7%). Other
regions at high risk include Eastern Europe (14 per 100,000 in Poland), northern
India (21.5 per 100,000 in Delhi), and South Pakistan (11.3 per 100,000). An
intermediate incidence risk (ranging from 3.7 to 9.1 per 100,000) is observed in
Latin American populations, Israel (5 per 100,000), and Japan (7 per 100,000),
related to the frequent congenital anatomical abnormalities associated with
this cancer that are found in the Japanese population. Finally, areas where the
frequency is increasing in recent years include Shanghai and China. These data
also reflect the prevalence of cholelithiasis or Salmonella infections, which are
highly prevalent in Indian populations in America.

* Gender: Gallbladder cancer exhibits a pronounced predilection for the female
gender, especially in high-risk regions where the incidence among women reaches
such remarkable heights that it warrants the appellation of “female gender bias.”
Females, particularly during the reproductive age, are twice as likely to develop
gallstones. It is known that estrogens (endogenous or pharmacologically admin-
istered) increase the secretion of cholesterol into the bile. On the other hand,
progesterone decreases the gallbladder’s emptying capacity, promoting stasis [1].

o Age: The risk of developing gallbladder cancer escalates concomitantly with
advancing age, with the highest morbidity rates observed within the age range
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of 50-60 years (encompassing 80-90% of all gallbladder carcinoma cases).
This compelling data holds immense significance when juxtaposed with the
equally noteworthy prevalence of gallstone disease in women, which manifests
approximately a decade earlier within a relatively younger age cohort [3]. The
type of stones also varies depending on the age group: younger patients mostly
have cholesterol stones (due to bile oversaturation), while older individuals
have a higher incidence of pigment stones. Additionally, age is a factor that
increases the risk of complications, emphasizing the crucial role of preventive
cholecystectomy.

Chronic inflammation: Intriguing studies reveal that approximately 25% of cases
manifest a fascinating phenomenon known as the porcelain gallbladder, although
recent research endeavors have cast doubt upon this observation. Remarkably, it
seems that only gallbladders showcasing partial calcifications or multiple punc-
tate calcifications precisely nestled within the glandular expanse of the mucosa
are to be considered as true premalignant conditions, warranting proactive
removal as a preventive measure. In addition, the persistent presence of chronic
bacterial infections fervently fuels gallbladder irritation and inflammation,
adding another layer of complexity to the intricate puzzle. Notably, carriers of
the notorious S. Typhi bacterium face an astonishingly heightened risk, spanning
an alarming 8 to 12-fold increase of eventually succumbing to the treacherous
grips of carcinoma [4]. Meanwhile, the cunning culprit H. pylori emerges as

an insidious player, with an odds ratio of 6.5 in the Japanese population and an
equally compelling ratio of 5.86 in their Thai counterparts, perpetuating the
bewildering web of gallbladder cancer causation. Furthermore, the intriguing
realm of primary sclerosing cholangitis (PSC) unfurls an intriguing association,
with a staggering 37% of cases exhibiting coexisting dysplasia while 14% plunge
into the abyss of adenocarcinoma.

Congenital anomalies of the biliary tract: Unveiling their prominence predomi-
nantly within the Asian populace, these captivating aberrations encompass
the enigmatic domain of pancreaticobiliary junctional irregularities. Within
this captivating tapestry, the prophylactic act of cholecystectomy assumes
paramount significance, acting as a robust shield against the looming specter
of gallbladder cancer that hauntingly pervades the afflicted individuals with
exceptional frequency [5].

Gallbladder polyps: Within the enigmatic realm of the gallbladder, a captivating
subplot emerges—polyps. These elusive entities captivate our attention, affect-
ing 5% of adults, often masquerading as potential harbingers of gallbladder
malignancy. However, amidst this intricate tapestry, most gallbladder polyps
gracefully assume the role of benign cholesterol lesions or fibromyoglandular
growths, devoid of malicious intent. Yet, lurking within this benign facade, true
papillary neoplasms (formerly known as adenomas) may conceal their treacher-
ous potential, their virulence intricately linked to their voluminous presence
and flourishing vascularity. As we delve deeper into this captivating narrative,
aremarkable revelation surfaces—polyps with a diameter less than 1cm seldom
harbor sinister aspirations, assuring a semblance of respite. However, as the stage
expands, embracing polyps exceeding the 2 cm threshold, a tantalizing secret
reveals itself, their bosom potentially concealing malignant neoplasms. Thus,
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a symphony of data illuminates our path, emphasizing a heightened incidence
of cancer in polyps boasting a diameter surpassing the majestic 1 cm mark and
those adorned with a delicate vascular pedicle [7, 8]

Gallbladder stones: Unveiling the intricate interplay between gallbladder

cancer and its stony companions, the enigmatic saga of cholelithiasis unfolds.
A compelling tale emerges as a positive history of gallstone affliction casts a
shadow of elevated risk, with a resolute relative risk of 4.9. It is a realm where
dualities coexist, where the majority (ranging from 69 to 100%) of gallbladder
cancer warriors share a clandestine bond with gallstones, though not every
warrior bears this emblem. Yet, within the fabric of this entwined narrative,

a symphony of coexistence resonates, whispering of gallstones assuming the
enigmatic role of co-factors, propelling the genesis of gallbladder carcinoma.

A poignant revelation surfaces, shining a radiant light upon Native Americans,
adorned with an abundance of cholesterol stones, who, in their unique tap-
estry, bear witness to an amplified incidence of gallbladder cancer [7]. As we
traverse this intricate labyrinth, dimensions assume significance—size expands
beyond mere physicality, transcending the 3 cm threshold, accompanied by

an army of brethren, numbers and weight, their presence inextricably linked
to an escalated risk of cancer. Yet, amidst this grand stage, the passage of time
assumes a lesser role, its duration holding a diminished sway. Within the realm
of gallstone- laden warriors battling cancer, a dichotomy of stone composi-
tion unfolds—cholesterol stones proudly claim their dominion, while pigment
stones grace the stage with a more subdued presence. Inextricably intertwined,
the veil of cancer incidence lifts, exposing the profound impact of cholecys-
tectomies, their dwindling numbers invoking a crescendo of carcinogenic
potential. Beyond the realm of cholesterol, the shadows of bile’s carcinogenicity
come to light—bile acids (cholic acid, chenodeoxycholic acid, deoxycholic acid,
ursodeoxycholic acid, and lithocholic acid), whether tethered to conjugates or
roaming free, dance amidst the population mosaic, unveiling their disparate
distribution. Within the realm of gallstone warriors, striding alongside their
cancerous comrades, a revelation emerges—an ethereal surge of deconjugated
lithocholic acid, reaching crescendos of tumorigenicity, weaving the intricate
threads of endogenous carcinogenesis within the gallbladder’s realm. As we
delve deeper into this captivating narrative, an array of factors intertwined with
gallstone formation springs forth, further illuminating the complex tapestry
that weaves the tale of gallbladder affliction [8, 9]

Family history and genetics: Genetic susceptibility is a key factor in stone forma-
tion, which is a stepwise process regulated by numerous genes. Among the
better-known genes are apolipoprotein E (APOE) and B (APOB), cholesterol
ester transfer protein (CEPT), cholesterol 7-alpha-hydroxylase, cholecystokinin
A receptor (CCAR), and LDL receptor (LDLR). The spotlight shines brightly on
the apolipoprotein B (APOB) gene, standing alone as the unequivocally identi-
fied culprit in gallbladder carcinogenesis [9].

The gene most recently associated with stone formation and predisposition to
gallbladder cancer is ABCG8, which encodes a cholesterol transporter present on
the canalicular membrane of hepatocytes. However, it is important to note that
cholelithiasis is a polygenic disease with a complex etiology.
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* Obesity and metabolic syndrome/dyslipidemia/diabetes mellitus: Obesity, especially
central (visceral) obesity, is a well-known risk factor for gallbladder disease. One
in four obese individuals suffers from gallstones. Individuals with dyslipidemia
(low levels of HDL, high levels of triglycerides) also have an increased risk of
stone formation. These two conditions (central obesity and dyslipidemia), along
with fasting hyperglycemia and hypertension, are part of Metabolic Syndrome.
One of the most plausible mechanisms involves the enhancing role of high
insulin levels (resulting from insulin resistance) on cholesterol transporters in
hepatocytes.

* Rapid weight loss: A hypocaloric diet leading to a weight loss of more than 1kg
per week significantly increases the risk of gallstone formation. This condition
is frequently observed during the first 6 weeks of follow-up in severely obese
individuals undergoing bariatric surgery.

* Total parenteral nutrition (TPN): TPN is a well-known risk factor for the forma-
tion of sludge or biliary sludge. After approximately 5-10 days of intensive TPN
therapy, sludge formation is common, reaching a prevalence of 50% if TPN is
extended to 30 days and 100% for therapies lasting more than 6 weeks. This
condition occurs due to the cessation of enteric stimulation on the gallbladder
and the resulting biliary stasis.

* Other associated conditions: Pathologies associated with the development of
gallstones include cirrhosis, hepatitis C, non-alcoholic fatty liver disease, sickle
cell anemia, Crohn’s disease, and cystic fibrosis. In the latter two conditions,
malabsorption leads to depletion of total bile salts and indirect cholesterol
supersaturation in the bile.

* Other lifestyle factors: Other risk factors include cigarette smoking and alcohol
consumption (in men only) [8].

From a genetic perspective, the polymorphism of the ABCG8-DH19 partner gene,
ABCGS5/G8, was the first discovered genetic risk factor for the formation of choles-
terol gallstones [10]. This lithogenic polymorphism leads to a gain of function in the
protein, allowing for increased biliary secretion of cholesterol on the canalicular side
of hepatocyte membrane, contributing to bile supersaturation and promoting stone
formation [11]. Interestingly, in addition to its role as a risk factor for gallstone forma-
tion, this polymorphism has also been associated with an increased risk of developing
gallbladder cancer in different ethnicities [12, 13].

Furthermore, polymorphisms of genes related to the immune system, inflamma-
tion, and oxidative stress have been associated with an increased risk of gallbladder
cancer. These genes include PTGS2 [14], TLR2, TLR4 [15], IL1IRN, IL1B [16], IL10
[17], IL8 [18], CCRS5 [19], LXRp [20], and OGG1 [21].

Studies in murine models have shown that mice with cholesterol microstones
(early stage of gallstone formation) exhibited a gallbladder characterized by
increased mucosal layer thickness and elevated interleukin-1 and myeloperoxidase
activity in the gallbladder wall [22]. Morphological changes (epithelial hyperplasia,
hypertrophic muscularis propria, and increased wall thickness) were observed as
early as four weeks. These changes were accompanied by an inflammatory infiltrate
composed of eosinophils, macrophages, neutrophils, and lymphocytes within the
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lamina propria [23]. At this point, Maurer et al. demonstrated that T lymphocytes
are crucial for the development of cholesterol gallstones, as Rag2 -/- mice lacking T
and B lymphocytes were resistant to cholesterol gallstone formation despite being
fed alithogenic diet for 8 weeks [24]. This showed that, at least in murine models of
cholelithiasis, chronic inflammation of the gallbladder occurs in the early stages of
lithogenesis as a local response to the presence of cholesterol supersaturation in bile
even before the formation of macroscopic gallstones [25].

Gallstones, along with the associated cholecystitis, lead to a sequence of events
that result in dysplasia and eventually carcinoma of the gallbladder in over 90% of
cases. This assertion is supported by the fact that 83% of gallbladders with stones are
associated with inflammation, showing at least one focus of hyperplasia, while 13.5%
exhibit atypical hyperplasia and 3.5% show carcinoma in situ.

Two patterns of malignant transformation have been observed in the gallbladder:
the metaplasia- dysplasia-carcinoma sequence (Figure 2) and the adenoma-carci-
noma sequence. However, carcinogenesis related to biliary lithiasis primarily occurs
through the metaplasia-dysplasia- carcinoma pathway, rather than transformation
from a pre-existing benign tumor lesion.

Metaplasia is a common finding in gallbladder tissues exposed to gallstones, with
frequencies ranging from 59.5 to 95.0% for pseudopyloric metaplasia and 9.5-58.1%
for intestinal metaplasia [26, 27]. Furthermore, the severity of lesions found in the
epithelium worsens with increasing weight, volume (particularly if itis > 3 cm), and
variation in the shape of gallstones (spherical shape being less injurious) [28].

Moreover, metaplastic lesions arise under the expression of key transcription
factors that redirect the epithelial phenotype to a different type. In fact, gallblad-
der metaplasia is often associated with the expression of CDX2 [29], a homeobox
transcription factor involved in the normal development of the intestine, commonly
found in intestinal metaplasia of the esophagus and stomach as well [30]. The normal
epithelium of the gallbladder does not express CDX2, and the surrounding leukocytes
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Figure 2.
Progression of gallbladder cancer.
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mainly consist of T lymphocytes (CD3+, CD4+, and CD8+) and populations of mac-
rophages (CD14+, CD68+, and CD163+), with low or absent levels of B cells (CD20+).
In contrast, the CDX2-positive metaplastic epithelium of the gallbladder is often
infiltrated by dense populations of T cells, B cells, and macrophages.

Furthermore, the presence of metaplastic changes is correlated with an increase
in the average thickness of the gallbladder wall. Diffuse thickening of the gallbladder
wall, defined as an enlargement exceeding 3 mm measured on ultrasound examina-
tion, can be observed in primary inflammatory processes, such as acute, chronic, and
acalculous cholecystitis.

Certain types of infections, likely due to bile and bile salt deconjugation, can also
contribute to the development of gallbladder cancer (infection by Salmonella typhi,
Clonorchis sinensis, Opisthorchis viverrini, as well as various species of Escherichia,
Klebsiella, and Helicobacter) [31]. Although little is known about the true carci-
nogenic effect of Salmonella in the absence of gallstones, there is consistent epide-
miological evidence that chronic Salmonella infection is a risk factor for gallbladder
cancer. It is known that Salmonella infection is even more potent in this regard
when gallstones are present. Both gallstones and bacteria can induce an inflamma-
tory response, so it is plausible to hypothesize that the combination of these agents
increases the risk of developing gallbladder cancer.

Reflux of pancreatic juice into the bile ducts and the gallbladder itself can underlie
the development of gallbladder carcinoma, as supported by experimental findings
that have shown a higher incidence of this disease in individuals with anomalous
drainage of the Wirsung and common bile duct into the duodenum (Anomalous
arrangement of the pancreaticobiliary duct AAPBD) [32]. These patients exhibited
an extramural common segment of the two ducts, i.e., an extrasphincteric portion
(evaluated by cholangiography), which allowed reflux of pancreatic juice into the
bile duct. AAPBD is a congenital biliary anomaly associated with a high frequency of
gallbladder carcinoma, with relative risks ranging from 167.2 to 419.6 times higher in
AAPBD patients compared to the general population [33]. In these patients, carci-
nogenesis progresses through a sequence of metaplasia- dysplasia-carcinoma driven
by chronic inflammation, like gallbladder cancer caused by gallstones. Under the
influence of this chronic inflammation, activation of pancreatic enzymes, changes
in the bile acid fraction, and production of mutagenic or occasionally carcinogenic
substances may occur [34]. It is interesting to note that the prevalence of KRAS
mutations is higher in AAPBD-related gallbladder cancer compared to non-related
cases [35, 36], making it more etiologically like pancreatic cancer (which has a high
prevalence of KRAS mutations) than LB-associated gallbladder cancer (where the
frequency of such rearrangement is low or nonexistent). Generally, cancer associated
with anomalous pancreaticobiliary ductal junction (APBD]J) occurs at a young age
and is less correlated with female gender and cholelithiasis.

Some diseases are commonly associated with the development of gallbladder
cancer € [37]. One of these is “porcelain” gallbladder, although recent studies do not
support this correlation, although they still recommend gallbladder removal due to
the associated symptoms, which are also difficult to diagnose preoperatively [38].
Adenomatous polyps have always been associated with a high risk of cancer when
they exceed 10 mm in size, but neoplastic polyps can also be smaller, so careful
long- term follow-up is necessary to avoid setting a criterion that is too permissive.
Malignancy characteristics of polyps are determined by their irregular and hetero-
geneous echotexture, generally isoechoic with the liver, or hypoechoic, as well as
by thickening of the gallbladder walls. In general, 3-8% of polyps are malignant,
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regardless of size (0-5% if <10 mm) [39]. Furthermore, certain autoimmune diseases
have been associated with an increased risk of tumors [40], including gallbladder
cancer [41]. Recently, six autoimmune conditions have been correlated with higher
standardized incidence rates for gallbladder cancer: primary sclerosing cholangitis
(PSC), celiac disease, Crohn’s disease, pernicious anemia, ulcerative colitis, and
polymyositis/dermatomyositis. PSC is the classic hepatobiliary manifestation of
inflammatory bowel diseases and other immunomediated diseases, characterized by
bile duct destruction and progression to end-stage liver disease. Chronic lesions occur
in small, medium, and large bile ducts with inflammatory and obliterative concentric
periductal fibrosis, leading to biliary stenosis. Metaplasia, dysplasia, and carcinoma
of the gallbladder occur with high frequency in patients with PSC. The metaplasia-
displasia-carcinoma sequence observed in the context of PSC is like that proposed
for sporadic gallbladder cancer. In a histological study of 72 resected gallbladders in
patients with PSC, significant morphological alterations were found: lymphoplas-
macytic chronic cholecystitis was present in 49%, pseudopyloric metaplasia in 96%,
intestinal metaplasia in 50%, dysplasia in 37%, and adenocarcinoma in 14% of the
samples. The close association between gallbladder neoplasia and intrahepatic bile
duct neoplasms supports the concept of “field cancerization” in the biliary tract of
patients with PSC. Approximately half of patients with PSC have gallbladder abnor-
malities, and about 25% have stones in the bile duct. In another series of 102 patients
with PSC who underwent cholecystectomy, 13% had a gallbladder neoplasm, and of
these, 7% had adenocarcinoma and 6% had a benign tumor [42]. As exemplified by
PSC, autoimmune diseases likely increase the risk of gallbladder cancer through the
exacerbation of biliary inflammation.

4. Diagnosis

Ultrasonography (US) is the first-line approach and a valuable screening tool
in patients with gallstone disease, which is known to be the primary risk factor for
gallbladder cancer (Figure 3) [43-47]. However, it has several limitations: (1) it
cannot fully stage the tumor, as it does not accurately visualize lymph nodes, perito-
neal extension, and distant metastases; (2) it lacks pathognomonic signs, especially
in early stages where nonspecific wall thickening can be indistinguishable from
adenomyomatosis or chronic cholecystitis, particularly if extensive, considering that
gallbladder cancer tends to cause localized thickening [48].

The evaluation of carcinoembryonic antigen (CEA) has shown utility in the
diagnosis of gallbladder cancer. Recent studies have identified three types of
glycoproteins (I, II, and III) in the biliary tract, with type I being present in normal
epithelium. In cases of chronic inflammatory lesions, glycoprotein I is replaced by
types II and III, with the latter being immunologically identical to CEA. However,
these results lack statistical significance and cannot be considered useful for early
diagnosis [49, 50].

Contrast-enhanced Computed Tomography (CT) has a diagnostic capability for
detecting gallbladder tumors with a sensitivity of 88%, specificity of 87%, and overall
diagnostic accuracy of 87%. The main indication for using CT in gallbladder cancer is
staging, as this modality can demonstrate neoplastic extension to the gallbladder bed
and the surrounding liver (in 60% of cases), as well as the presence of regional lymph
node metastases, peritoneal metastases, and distant metastases (Figure 4). Angio- CT
assesses the degree of vascular infiltration in the portal vein or hepatic artery, which is
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Figure 3.
US: Gallbladder adenocarcinoma.

Figure 4.
CT: Gallbladder carcinoma with thickened walls capturing contrast medium.

important for preoperative evaluation. Differential diagnosis with xanthogranuloma-
tous cholecystitis poses challenges due to overlapping features such as gallbladder wall
thickening, involvement of adjacent organs including pericholecystic adipose tissue,
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portal lymph nodes, and the liver. In the diagnosis of gallbladder cancer, differential
diagnosis and determination of local tumor extent are crucial. For these purposes,
imaging techniques such as Endoscopic Ultrasound (EUS), CT, Magnetic Resonance
Imaging (MRI), and Magnetic Resonance Cholangiopancreatography (MRCP) are
useful.

Endoscopic Ultrasound (EUS) has a good sensitivity (92-97%) in differentiating
gallbladder cancer from benign conditions [51, 52].

MRI is not a commonly used imaging modality in the diagnostic workup of
gallbladder cancer; however, it can provide useful information [53-55].

MRCP can provide information on the infiltration of the main bile duct and the
extent of intracholecystic tumor.

Positron Emission Tomography with Fluorodeoxyglucose (PET-FDG) can be
considered as a complementary examination for the detection of non-abdominal
metastases, guiding the surgeon towards radical re-intervention [56, 57].

Another valuable diagnostic tool is ultrasound-guided Fine-Needle Aspiration
Biopsy (FNAB), which is accurate, rapid, and cost-effective. Unfortunately, gallblad-
der cancer has a high potential for dissemination, and the risk of tumor seeding along
the needle tract is elevated. Laparoscopic experience with incidental gallbladder can-
cers has confirmed this risk, with reported cases of tumor implantation along trocar
tracks or through the umbilicus during gallbladder extraction. Therefore, the answer
is clear: biopsy should not be performed. In cases of uncertainty regarding both the
nature of the neoplasm and its potential resectability (10-15% of cases), laparoscopic
visualization and a supporting trocar allow, in almost all cases, a definitive assessment
of the feasibility of radical surgery.

Currently, in the absence of preoperative diagnosis, an extensive intraoperative
core needle biopsy with immediate analysis of frozen sections is preferred before
initiating radical resection. In cases where granulomatous cholecystitis is frequently
present with large calculi and extensive inflammation, limiting the possibility of
a simple cholecystectomy, it is advisable to perform cholecystectomy with stone
removal only after intraoperative biopsy has confirmed the absence of malignant
neoplasms [58].

Finally, regarding laparoscopy, it can be confidently stated that it represents an
excellent diagnostic tool for closed abdomen gallbladder cancer. Despite the era of
significant technological advancements in diagnostic imaging, there are sugges-
tive signs of neoplasms that can sometimes only be detected through laparoscopic
exploration.

5. Staging

To stage gallbladder cancer, various classification systems can be used, all consid-
ering the most relevant prognostic factors: tumor type, size, depth of wall infiltra-
tion, invasion of adjacent organs, and metastatic spread via blood vessels, lymphatic
system, and peritoneum.

The staging system of the Japanese Biliary Surgical Society divides tumors into 4
stages:

Stage 1: Cancer confined to the gallbladder capsule.
Stage 2: Cancer with lymph node involvement (N1) and/or minimal invasion of the
liver/bile ducts.
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Stage 3: Lymph node involvement (N2) and/or significant invasion of the liver/bile
ducts.
Stage 4: Presence of distant metastases.

The Nevin classification is widely accepted in the Western world. It considers the
stage of the neoplasm and the degree of cellular differentiation. In addition to its diag-
nostic significance, it also has prognostic value and provides therapeutic guidance
by formulating tables with combined numbers for stage and grade. Nevin reported a
5-year survival rate of 21% after cholecystectomy in patients at stages I (intramucosal
cancer or carcinoma in situ) and II (invasion of the mucosa and muscular layer), con-
trasting with poor outcomes in stages III (full-thickness invasion), IV (presence of
metastasis in pericystic lymph nodes), and V (hepatic invasion and/or distant metas-
tasis). Donohue et al. modified the Nevin system to include tumors involving the liver
adjacent to the gallbladder in stage III and non-adjacent tumors in stage V [59, 60].

However, to date, the most well-known and widely used classification is undoubt-
edly the TNM classification (Table1) [61].

Regarding histopathological grading, we distinguish:

¢ Gl1, well-differentiated carcinoma

* G2, moderately differentiated carcinoma

* G3, poorly differentiated carcinoma

¢ G4, undifferentiated carcinoma.

The AJCC/UICC staging is based precisely on the TNM classification [62]. The

main conceptual difference with the Nevin classification is that the latter does not dif-
ferentiate tumors that invade the muscular layer without invading the liver and does

Stage T category N category M category Estimated 5-year
survival (%)

0 Tis NO MO 80-100

I T1a (lamina propria) NO MO 80-100
T1b (muscularis) NO MO 80-100

1I T2a (peritoneal side) NO MO 40-75
T2b (hepatic side) NO MO 28-50

IIIa T3 NO MO 8-28

I1Ib T1,T2,T3 N1 MO 8

IVa T4 NO, N1 MO 7

IVb AnyT N2 MO 4

AnyT AnyN M1 0-2

Source: References [2, 42].
AJCC = American Joint Committee on Cancer.

Table 1.
TNM staging according to the Eighth Edition of the AJCC” Manual.
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not make a distinction based on tumor size. These two characteristics have significant
prognostic significance. Partial or total invasion of the muscular layer is essential
considering that the lymphatic drainage of the gallbladder lies between the muscular
layer and the serosa. The pre-muscular subserosa is a plane composed of connective
tissue, nerve endings, blood vessels, lymphatics, and adipocytes; it is not covered by
the serosa in the portion of the gallbladder that is nestled in the liver, but it represents
a key element for neoplastic dissemination, considering that in most cholecystecto-
mies for cholelithiasis, the subserosal plane is the easiest for dissection. In incidental
tumors that have invaded the muscular layer, this allows an open pathway for tumor
metastasis through the lymphatic route [59].

6. Treatment

Gallbladder cancer treatment depends on several factors, such as the stage of
cancer, overall health, and patient’s preference [63]. Surgical resection is the primary
treatment for localized gallbladder cancer, which involves removing the gallbladder,
surrounding lymph nodes, and portions of the liver and bile ducts [64]. A radical
cholecystectomy is generally recommended, but a laparoscopic cholecystectomy may
be appropriate for select patients with early-stage cancer who have no invasion into
surrounding tissues [65].

For patients with advanced or metastatic disease, a multidisciplinary approach
is necessary, which may include systemic chemotherapy, radiation therapy, or a
combination of these modalities [66]. Chemotherapy regimens for gallbladder cancer
may include gemcitabine and cisplatin, or other combinations of cytotoxic agents
[67]. The use of immunotherapy, such as immune checkpoint inhibitors, has shown
promise in early clinical trials but requires further research to understand the role in
the treatment of gallbladder cancer [68]. Palliative measures, such as biliary stenting,
pain management, and nutritional support, may also be used to manage symptoms
and improve quality of life for patients with advanced gallbladder cancer [64].

The surgical management of gallbladder cancer depends on several factors,
including the extent and location of the tumor, the patient’s overall health status, and
the experience of the surgeon [64]. Surgical removal of the gallbladder (cholecys-
tectomy) is the primary treatment option for early- stage gallbladder cancer that is
confined to the gallbladder and has not spread to nearby lymph nodes or organs [65].
Laparoscopic (Figure 5) or robotic-assisted cholecystectomy is associated with less
pain, shorter hospital stays, and faster recovery times compared to open surgery [69].

For more advanced gallbladder cancer, surgery may involve removal of the
gallbladder, portions of the liver, and nearby lymph nodes. This is known as a radical
cholecystectomy and may be done using an open or minimally invasive approach
(Figure 6) [64].

Despite the challenges, surgical management remains the most effective treatment
option for localized gallbladder cancer, and advances in surgical techniques, systemic
therapies, and supportive care have improved outcomes for patients [70]. The success
of surgery depends on several factors, including the stage of the cancer, the experi-
ence of the surgical team, and the patient’s overall health status [64]. The treatment
of gallbladder cancer requires a multidisciplinary approach, with close collaboration
between surgeons, medical oncologists, radiation oncologists, and other specialists
[66]. The goal of treatment is to maximize the chances of cure while minimizing
treatment-related side effects and optimizing quality of life for the patient [70].
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Figures.
VLS colecystectomy.

Laparoscopic Procedure Open Procedure Post-operative Condition

-

W/ <

Cut-away view (from left) of
abdominal cavity

Figure 6.
Lapavoscopic vs open procedure.

7. Prognosis and follow-up

The prognosis for gallbladder cancer varies depending on the stage of the cancer
at diagnosis, with earlier stage cancers having a better prognosis than more advanced
stage cancers. Other factors that can impact prognosis include the size and location
of the tumor, the patient’s overall health status, and the presence of other medical
conditions [1].

For patients with early-stage gallbladder cancer that has not spread beyond the
gallbladder, the five-year survival rate is around 80%. However, for patients with
more advanced stage cancer that has spread to nearby organs or lymph nodes, the
five-year survival rate is much lower, around 5-10% [2].

In chronic carriers of large gallstones, the best prevention for gallbladder cancer is
cholecystectomy, as shown in a case-control study of 81 patients in 1983 by Andrew
K. Diehl.
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After surgery, patients with gallbladder cancer will require close monitoring to
detect any signs of recurrence. This may involve regular imaging tests, such as CT
scans or ultrasounds, as well as blood tests to monitor for tumor markers. The fre-
quency and duration of follow-up will depend on the stage of the cancer, the patient’s
overall health status, and other factors [1].

In addition to imaging and blood tests, follow-up for gallbladder cancer may also
involve monitoring for symptoms such as jaundice, abdominal pain, and weight loss,
which may indicate recurrence or metastasis. Patients should also be counseled on
lifestyle modifications, such as maintaining a healthy diet and exercise routine, and
avoiding tobacco and excessive alcohol consumption, to help reduce the risk of recur-
rence [71].

In cases where the cancer has spread beyond the gallbladder, additional treatments
such as chemotherapy, radiation therapy, or targeted therapy may be recommended.
These treatments may be used before or after surgery, depending on the specific
circumstances of the patient’s case [1].

Overall, the prognosis for gallbladder cancer can be challenging, particularly in
cases where the cancer has already spread beyond the gallbladder. However, with
appropriate treatment and close follow-up, many patients can achieve good outcomes
and maintain a good quality of life [2].

8. Conclusions

In conclusion, gallbladder cancer is a rare but serious malignancy that presents
many challenges for patients and healthcare providers. Early detection is key to
improving outcomes, and surgical resection remains the mainstay of treatment for
most patients. However, the complex anatomy and physiology of the gallbladder and
biliary system can make surgical management of gallbladder cancer difficult, requir-
ing specialized expertise and careful planning [1].

Despite these challenges, recent advances in diagnostic and imaging technologies,
as well as in surgical and non-surgical treatment options, offer hope for patients
with gallbladder cancer. With ongoing research and improved understanding of
the pathogenesis and molecular biology of this disease, new targeted therapies and
personalized treatment approaches may become available in the future [2].

In the meantime, it is important for patients with gallbladder cancer to receive
multidisciplinary care from a team of experienced healthcare providers, including
surgeons, oncologists, radiologists, and other specialists as needed. Through collabo-
ration and a patient-centered approach to care, we can continue to make progress in
the fight against gallbladder cancer and improve outcomes for patients [1].
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